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PREFACE  TO  FIFTH  EDITION. 


In  presenting  to  the  profession  and  students  of  medicine  the  Fifth 
Edition  of  this  work,  I wish  gratefully  to  acknowledge  the  cordial  recep- 
tion accorded  previous  editions.  Less  than  a year  ago  a revised  reprint 
of  the  Fourth  Edition  containing  many  corrections  and  numerous  added 
illustrations  was  issued;  I had  hoped  that  further  revision  would  not  be 
immediately  necessary;  in  this  I was  surprised  and  disappointed. 

In  preparing  the  present  edition  extensive  revisions  have  been  made 
throughout  the  volume.  Rearrangement  of  chapters  has  been  deemed 
wise,  bringing  together  general  technic  in  an  appendix.  Two  new  chap- 
ters have  been  added.  In  the  first  of  these,  Chapter  V,  an  attempt  has 
been  made  to  assemble  general  facts  concerning  the  pathology  of  infection 
in  such  a way  as  to  correlate  clinical  and  pathological  data.  The  second 
new  chapter  deals  with  the  Pathology  of  Diseases  of  the  Reproductive 
Organs,  embracing  an  addition  of  70  pages;  through  the  courtesy  of 
authors,  editors  and  publishers  I have  been  permitted  to  choose  from 
the  exquisite  illustrations  contained  in  Hartmann’s  Gynecological  Opera- 
tions, Robert’s  Manual  of  Gynecological  Pathology,  Eden’s  Manual  of 
Gynecology,  Montgomery’s  Manual  of  Gynecology,  Casper’s  Genito- 
urinary Surgery,  edited  by  Bonney,  Rodman’s  Diseases  of  the  Breast, 
and  Debierre’s  Malformations  of  the  Genital  Organs  of  Woman  (Simes’ 
translation) . 

The  vast  importance  of  a knowledge  of  the  internal  secretions  has 
led  me  to  incorporate  many  important  facts  concerning  their  pathology. 
This  has  resulted  in  extension  of  the  Chapter  dealing  with  the  thyroid  and 
adrenals,  and  the  addition  of  considerable  matter  bearing  upon  the  para- 
thyroid and  pituitary  glands.  Advances  in  our  knowledge  of  leprosy 
and  other  infectious  diseases  demanded  some  enlargement  of  the  chapters 
on  Bacteria  as  Causes  of  Disease.  The  relation  of  poisons  to  disease 
production  is  more  fully  discussed  and  the  theories  of  intoxication  have 
received  more  extended  consideration  than  in  previous  editions.  The 
previous  admittedly  inadequate  chapter  on  Malformations  including 
teratogenesis  has  been  somewhat  enlarged  and  more  fully  illustrated. 
The  new  matter  has  increased  the  text  approximately  one-fourth  but  by 
enlarging  the  size,  diminishing  the  margins  of  the  page  and  by  other 
expedients  well-known  to  the  publishers  it  has  been  possible  to  avoid 
making  the  volume  unduly  bulky  and  unwieldy. 

In  the  preceding  edition  references  to  literature  were  for  the  first  time 
incorporated,  and  were  kindly  received  by  reviewers  and  others.  The 
already  enormous  literature  has,  within  recent  years,  been  growing  with 
increasing  rapidity,  rendering  exhaustive  bibliographies  quite  beyond 
the  scope  of  a one-volume  treatise.  It,  therefore,  became  necessary  to 
delete  many  of  the  older  references  and  to  replace  them  by  citations  to 
more  recent  publications,  many  of  which  supply  exhaustive  bibliogra- 
phies. Wherever  possible  I have  given  references  to  an  article  in  German, 
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another  in  French,  and  still  another  in  English.  As  the  literature  avail- 
able for  most  practitioners  and  students  is  largely  English  many  of  the 
references  are  to  publications  in  that  language. 

In  revising  the  chapter  on  Diseases  of  the  Nervous  System  I am  greatly 
indebted  to  the  suggestions  of  Dr.  George  E.  Price  who,  for  several  years, 
has  been  teaching  neuro-pathology  in  relation  to  clinical  neurology. 
Prof.  Rosenberger  has  rendered  available  his  extensive  knowledge  of 
bacteriology  particularly  with  regard  to  advances  in  bacteriologic  technic 
and  in  the  biology  of  microorganisms,  both  animal  and  vegetable.  Prof. 
Ellis  who  has  been  teaching  Hematology  in  the  laboratory  has  revised 
the  chapter  on  the  Blood.  During  my  absence  he  has  kindly  seen  the 
volume  through  press,  and  in  other  ways  rendered  revision  at  this  time 
possible.  I wish  to  thank,  also,  Dr.  George  F.  Lull,  Demonstrator  of 
Morbid  Anatomy,  for  his  assistance  in  arranging  references. 

Many  of  the  new  drawings  are  by  Miss  S.  L.  Clark,  whose  skill  is  at- 
tested by  the  results  attained.  The  reproduction  of  the  new  illustrations, 
both  colored  and  uncolored,  has  been  trusted  entirely  to  the  publishers, 
to  whom  the  author  is  under  many  obligations  for  the  careful  execution 
of  this  most  difficult  task,  and  for  other  courtesies. 

In  conclusion  the  author  wishes  to  state  that  the  object  of  the  book 
has  not  changed,  and  that  the  present  edition,  although  greatly  enlarged, 
remains  exactly  what  the  author  intended  the  previous  editions  to  be, — 
namely,  “not  a treatise  or  book  of  reference,  but,  as  its  title  indicates, 
a manual  that  the  author  hopes  may  be  useful  in  the  laboratory  and 
postmortem  room  and  in  clinical  diagnosis.” 

W.  M.  L.  C. 
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PART  I.— GENERAL  PATHOLOGY. 


INTRODUCTION. 

Pathology  bears  the  same  relation  to  a proper  study  of  disease  that 
physiology  does  to  a knowledge  of  those  complicated  phenomena  the 
sum  total  of  which  is  called  life.  Physiology  deals  with  normal  pro- 
cesses— the  functions  of  organs  and  tissues  in  health — while  pathol- 
ogy is  a study  of  the  causes  and  manifestations  accompanying  disease. 
Physiology  is  the  science  of  normal  life;  pathology  is  the  science  of  ab- 
normal life — disease.  It  has  been  said,  and  quite  truly,  that  pathol- 
ogy is  morbid  physiology — the  physiology  of  disease.  The  two  sub- 
jects demand  associated  study,  as  from  a knowledge  of  one  is  acquired 
more  or  less  information  bearing  either  directly  or  indirectly  upon  the 
other.  A detailed  study  of  the  intricate  problems  of  morbid  processes, 
and  of  the  relations  of  tissue  change  to  alteration  of  function,  and  a 
thorough  acquaintance  with  the  normal,  render  apparent  the  intimate 
association  of  pathology  and  physiology. 

Throughout  the  study  of  pathology  it  is  to  be  remembered  that  the 
changes  contemplated  are  but  perversions  of  the  normal.  Disease, 
with  its  alterations  in  structure  and  function,  is  not  an  entity  from 
without,  not  an  importation  whose  existence  within  the  body  is  passive, 
but  all  morbid  processes,  while  they  may  arise  from  causes  acting  from 
without — causes  having  an  existence  as  a part  of  the  outside  world 
properly  so  called — are  themselves  essentially  but  perversions  of  nor- 
mal vital  activity.  The  same  cells,  or  their  progenitors,  active  in  a 
morbid  process,  were  the  essential  elements  in  the  normal  life  of  some 
tissue  of  the  body.  As  the  result  of  altered  conditions  the  cellular  activ- 
ity has  been  perverted,  and  the  new  line  of  cell  life  is  but  a change  in  the 
manifestations  of  cellular  activity — not  a new,  nor  foreign,  nor  extrane- 
ous life  carried  on  within  the  affected  tissues.  The  apparent  exception 
to  this,  in  the  growth  of  animal  and  vegetable  parasites  within  the  tissues, 
is  not  really  an  exception;  so  long  as  the  life  of  the  normal  cells  is  not  in 
any  way  disturbed,  disease  does  not  result;  as  soon,  however,  as  the 
foreign  elements  interfere  with  the  usual  course  of  events,  those  cells 
performing  certain  functions  in  a manner  recognized  as  normal  for  the 
species  under  observation  assume  a new  r61e,  and  manifest  more  or  less 
important  changes  in  their  activities.  It  therefore  becomes  evident 
that  the  diseased  tissue  is  the  result  of  changes  in  the  normal,  and  that 
the  cellular  elements  present  are  derived  from  preexisting  normal 
cells.  In  order  properly  to  appreciate  the  significance  of  tissue  altera- 
tions a careful  investigation  into  the  causes  of  disease  becomes  an  ab- 
solute necessity;  with  advance  in  the  study  of  etiology  it  has  become 
possible  to  comprehend  many  diseases  and  other  phenomena  previ- 
ously inexplicable. 
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The  study  of  the  active  process  associated  with  disease  and  its  re- 
sults implies  the  investigation  of  gross  alterations — the  morbid  anatomy ; 
and,  what  is  truly  included  as  a part  of  the  anatomy,  the  changes  in  the 
finer  structure  of  the  tissues — the  morbid  histology.  That  the  study 
of  these  two  divisions  of  the  subject  may  have  important  bearing  on 
practical  medicine  it  is  necessary  to  observe  the  relation  maintained 
between  both  gross  and  microscopic  lesions  and  the  function  of  the 
diseased  organ;  this  constitutes  a study  of  morbid  physiology,  the  per- 
version of  the  normal,  due  to,  or  associated  with,  the  lesions,  either  gross 
or  microscopic,  themselves  the  active  phenomena  of  disease;  and,  lastly, 
the  pathologist  must  be  familiar  with  the  results  following  the  subsidence 
of  morbid  processes. 

In  the  youth  of  medicine  scientific  classification  of  disease— nosology 
— was  even  more  difficult  than  now;  names  were  applied  because  they 
fitted  certain  symptoms,  little  was  known  of  the  intimate  nature  of 
morbid  processes,  and  superficial  phenomena  constituted  the  basis  upon 
which  practically  all  diseases  were  grouped.  The  labels  derived  from 
clinical  study  alone  were  often  totally  inadequate  and  frequently  brought 
into  a heterogeneous  mass  diseases  having,  possibly,  but  one  symptom 
in  common;  thus,  for  over  twenty  centuries,  decade  by  decade,  the  mass 
of  “fevers”  has  been  robbed  one  by  one  until  each  member  of  the  group 
has  been  appropriately  ticketed  and  placed  in  its  proper  nosologic  position. 
This  statement  is  not  to  be  construed  too  strictly,  lest  it  smack  of  finality, 
and,  as  Ballantyne  wisely  observes,  finalism  is  obnoxious  to  the  scientific 
mind.  There  can  be  no  doubt  that  our  present  conception  of  many 
febrile  processes  must  be  modified  as  our  knowledge  advances;  whenever 
science  attains  a new  height  the  field  of  view  is  extended.  With  the 
widened  horizon  old  ideas  take  on  new  colors  and  previously  mapped 
areas  must  again  be  resurveyed  and  adapted  to  newly  discovered  facts. 
For  these  reasons  pathology  lacks  the  stability  of  anatomy,  and,  like 
physiology,  must  frequently  readjust  itself  to  freshly  acquired  knowledge; 
the  theory  of  air-borne  malaria  fails  as  transmission  by  mosquitos  is  es- 
tablished, sleeping  sickness  is  transferred  to  diseases  produced  by  animal 
parasites,  and  in  the  darkness  enveloping  our  knowledge  of  cancer  there 
is  promised  light.  Investigation  constantly  extends  the  boundaries  of 
truth,  and  the  theory  of  yesterday  falls  before  the  revelation  of  to-day. 

The  methods  of  pathologic  research  by  which  new  truths  are  acquired 
must  of  necessity  vary  with  the  morbid  process  under  consideration. 
When  any  of  the  lower  animals  are  susceptible  to  the  disease  under  inves- 
tigation, for  evident  reasons  the  experimental  method  offers  many  ad- 
vantages. Being  able  to  vary  the  conditions  under  which  disease  is 
induced  in  an  animal,  to  kill  the  animal  at  any  period  in  the  develop- 
ment of  the  morbid  process,  and  more  fully  to  control  external  conditions, 
make  this  method  in  many  instances  of  the  greatest  value. 

Like  all  methods  for  studying  disease,  animal  experimentation  is 
open  to  certain  objections;  it  is  not  possible  in  all  cases  fully  to  interpret 
the  results,  or  they  may  not  be  applicable,  on  the  whole,  to  man.  Again, 
many  diseases  to  which  man  is  liable  cannot  be  induced  in  animals,  and 
in  such  cases  the  method  fails.  While  such  important  objections  to  the 
method  often  hold  true,  the  author  does  not  recall  a single  instance  in 
which,  after  prolonged  effort,  it  has  not  been  possible  to  learn  something, 
and  in  a number  of  diseases  the  method  under  consideration  has  afforded 
full  and  entirely  satisfactory  explanation  of  phenomena  previously 
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obscure  or  absolutely  unappreciated.  In  many  diseases  all  that  is  known 
has  been  tediously  worked  out  by  this  form  of  research.  It  has  been 
urged  that  the  end  attained  does  not  justify  the  suffering  induced  in  the 
animal  experimented  upon.  Such  an  objection  need  not  be  answered 
here,  since  those  who  hold  it  cannot  know  of  the  advances  made  by  the 
experimental  methods  of  study,  or  are  not  in  that  condition  of  mental 
receptivity  necessary  to  appreciate  scientific  truths.  The  results  attained 
by  the  investigation  of  disease  in  lower  animals  have  probably  done  more 
to  alleviate  suffering  in  them  than  in  man. 

Comparative  pathology — the  study  and  comparison  of  morbid  proc- 
esses in  the  lower  animals  and  in  man — also  affords  ample  opportunity 
to  obtain  information  as  to  the  causes  of,  and  alterations  in,  disease. 

To  attain  the  best  results  the  statistical  method  cannot  be  neglected. 
The  collection  of  a large  number  of  cases,  with  a careful  analysis  of  re- 
corded data,  can  but  yield  valuable  conclusions.  The  constancy  of 
associated  lesions — as,  for  example,  the  association  of  certain  nervous 
and  nutritive  phenomena  with  removal  or  disease  of  the  thyroid  gland — 
often  indicates  a path  for  investigation  that  may  terminate  in  a happy 
solution  of  some  obscure  problem. 

The  anatomical  method  involves  a study  of  tissues  obtained  at  post- 
mortem or  operation.  In  the  history  of  pathology  our  best  information 
was  earliest  obtained  by  a study  of  cadavers.  When  little  was  known 
of  the  processes  of  disease,  data  so  obtained  were  most  illuminating,  and 
without  extended  application  of  this  method  many  intensely  practical 
problems  in  the  diagnosis  and  treatment  of  disease  could  have  been  not 
apprehended.  The  shortcomings  of  the  method  are  many;  often  re- 
sults of  the  pathologic  process  leave  little  clue  of  the  stages  through 
which  it  has  passed;  in  other  instances  the  initial  or  essential  process  is 
obscured  by  superimposed  changes  which,  in  some  cases,  are  truly  second- 
ary, and  in  others  remotely,  if  at  all  connected.  Unless  combined  with 
a study  of  the  patient  during  life  or  a full  knowledge  of  the  same  or  some 
allied  affection,  the  symptoms  of  which  are  known,  conclusions  based 
on  anatomic  findings  alone  are  likely  to  be  fallacious. 

A study  of  pathological  chemistry  has  assisted  in  our  knowledge  of 
disease  in  a manner  exactly  comparable  to  the  broadening  influence 
exerted  on  physiology  by  the  marvelous  results  attained  in  physio- 
logical chemistry;  normal  and  pathological  processes  are  largely,  prob- 
ably wholly,  chemical  problems.  Chemical  study  is  often  feasible  during 
life  and  is  frequently  applied  to  investigation  of  the  excreta,  at  times 
yielding  information  obtainable  by  no  other  means.  It  is  especially 
valuable  in  those  diseases  which  imply  gross  or  conspicuous  alterations 
in  metabolism  and,  no  doubt,  as  our  methods  improve  may  be  found  of 
value  in  almost  every  morbid  process. 

Clinical  Methods. — In  addition  to  the  above  methods,  it  cannot  be 
an  error  thoroughly  to  study  morbid  processes  during  life.  Therein 
lies  the  strength  of  the  science.  The  symptoms  of  a disease  are  but 
expressions  of  the  lesions — the  morbid  physiology  induced  by  chemical, 
mechanical,  or  structural  alterations.  From  symptoms  it  is  possible  in 
many  cases  to  infer  the  character  of  the  tissue  changes,  or,  by  studying 
the  alterations  in  the  normal  chemistry  and  structure,  the  symptoms 
may  be  explained.  He  is  far  at  sea  who  believes  that  the  study  of  path- 
ology begins  and  ends  with  the  postmortem. 


CHAPTER  I. 


THE  ABNORMAL. 

MALPOSITION ; MALFORMATION. 

General  pathology  comprehends  those  variations  in  structure  and 
function  that  may  attack  any  organ.  It  is  the  study  of  morbid  processes 
independent  of  their  location,  while  special  pathology  is  the  study  of 
diseases  of  organs  independent  of  the  same  disease  occurring  elsewhere 
than  in  the  organ  under  consideration. 

In  order  to  appreciate  the  abnormal  it  is  necessary  to  have  some 
definite  idea  of  the  normal.  Information  with  regard  to  health  is  ob- 
tained by  studying  individuals  or  organs  not  manifesting  disease  and 
considering  as  normal  that  condition  which  is  commonest.  Difficulty 
is  encountered  in  accurately  judging  the  limitations  within  which  modi- 
fication of  structure  and  function  may  be  regarded  as  physiologic.  In 
most  instances,  however,  the  morphologic  and  physiologic  boundaries 
of  the  normal  are  sufficiently  circumscribed  to  permit  a ready  recogni- 
tion of  conditions  that  pass  beyond  their  domain.  Any  deviation  from 
the  normal  must  be  recognized  as  belonging  to  the  malpositions,  mal- 
formations, or  diseases. 


MALPOSITIONS. 

Malposition  is  misplacement  of  an  organ  from  that  position  in  which 
it  is  commonly  found,  or  any  alteration  of  its  relation  to  other  organs; 
it  is  a mal-posed  structure.  The  heart  may  be  rotated  on  its  axis  and 
not  occupy  the  normal  relation  to  the  surrounding  tissue,  and  still  the 
heart  may  be  in  place;  so  that  malposition  implies  either  that  the  organ 
is  not  in  place,  or  that,  being  in  place,  its  parts  do  not  bear  their  normal 
relation  to  adjacent  structures  themselves  normally  located. 

Congenital  malposition  may  consist  in  the  perpetuation  of  fetal  char- 
acters, and  not  infrequently  is  associated  with  malformation;  thus, 
failure  in  closure  of  the  body  cleft  anteriorly,  particularly  at  the  umbilicus, 
may  permit  a viscus  wholly  or  in  part  to  lie  outside  the  abdominal  cavity ; 
fenestra  in  the  diaphragm  may  allow  the  heart  to  descend  into  the  ab- 
domen or  one  or  more  abdominal  organs  to  rise  into  the  thorax  (con- 
genital diaphragmatic  hernia).  Organs  that  develop  in  one  position 
and  later  normally  acquire  another  may,  for  some  reason,  fail  to  make 
the  requisite  migration  and  persist  through  adult  life  in  a position  more 
or  less  normal  in  the  embryo;  a kidney  may  from  this  cause  lie  near  the 
median  line  or  a testicle  remain  in  the  abdomen.  An  interesting  form 
of  congenital  malposition  is  that  represented  by  ectopia  of  parts  of  or- 
gans, although  the  term  is  also  used  for  entire  organs  occupying  abnormal 
positions.  Some  organs  show  the  most  extraordinary  tendency  to  partial 
or  even  complete  ectopia;  thus  adrenal  tissue  may  be  found  in  the  liver, 
spleen,  neighborhood  of  the  ovary  or  testicle,  and  is  not  infrequently 
present  in  the  kidney,  usually  the  cortex.  Aberrant  pancreatic  lobules 
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occur  in  the  stomach,  duodenum,  jejunum,  and  less  frequently  in  the 
ileum;  gastric  glands  may  be  present  in  the  duodenum  or  in  the  esophagus; 
fragments  of  thyroid  may  be  distributed  along  the  course  of  the  thyro- 
glossal  duct,  at  the  base  of  the  tongue,  or  within  the  thoracic  cavity. 
The  cause  of  these  various  forms  of  ectopia  is  more  or  less  obscure;  the 
usual  explanation,  that  they  depend  upon  incarceration  of  growing  cells 
in  abnormal  localities,  is  little  more  than  a restatement  of  the  primary 
facts.  It  should  be  remembered  that  such  ectopic  tissues  are  particu- 
larly prone  to  manifest  tumor  formation ; misplaced  testes  not  infrequently 
become  sarcomatous  or  carcinomatous;  lingual,  tracheal,  and  mediastinal 
goiters  develop  from  ectopic  thyroid  tissue,  and  the  relatively  frequent 
tumor  called  a hypernephroma  is  the  result  of  neoplastic  activity  in 
ectopic  adrenal  tissue. 

Congenital  malpositions  may  correct  themselves  or  be  corrected  by 
the  surgeon,  although  their  tendency  is  to.  persist;  an  umbilical  or  in- 
guinal hernia  of  congenital  origin  may  be  replaced,  an  abdominal  testis 
may,  by  operative  procedure,  be  brought  to  its  normal  position ; a mesial 
kidney  or  a right-sided  heart  of  congenital  origin  will  probably  never 
occupy  the  position  of  the  normally  posed  organ. 

Acquired  malposition  may  be  due  to  many  causes  conspicuous  among 
which  are  congenital  defects,  disease,  and  trauma.  Imperfect  closure  of 
the  abdominal  parietes  at  the  umbilicus,  inguinal  or  femoral  outlets, 
permits  the  occurrence  of  hernia  at  these  points;  when  the  muscle  of  one- 
half  of  the  diaphragm  fails  to  develop,  the  absence  of  contractile  power, 
the  elasticity  of  the  lung,  and  the  higher  abdominal  pressure  lead  to  even- 
tration, the  diaphragmatic  arch  of  that  side  rising  almost  to  the  apex 
of  the  thorax,  permitting  abdominal  organs  to  lie  within  the  chest  cage 
but  not  in  the  thoracic  cavity. 

Disease  may  in  a number  of  ways  cause  malposition;  enlarged  or- 
gans may  by  their  increased  bulk  or  weight  drag  from  normal  attach- 
ments; this  is  especially  true  of  the  spleen,  kidney,  and  stomach,  and 
to  a lesser  degree  of  the  pancreas,  transverse  colon,  and  gall-bladder. 
Disease  may  also  alter  the  lines  of  pressure  and  displace  organs  not  them- 
selves diseased.  The  heart  is  pushed  to  the  left  and  the  liver  displaced 
downward  by  gas  or  fluid  accumulations  in  the  right  pleura  or  massive 
solid  or  cystic  growths  involving  that  structure  or  the  lung.  Acquired 
malposition  may  result  from  loss  of  normal  support  by  retentive  struc- 
tures. Wasting  of  the  abdominal  wall  favors  prolapse  of  the  contained 
viscera  (visceroptosis).  The  alteration  in  pressure  throws  unusual  stress 
upon  structures  normally  retaining  liver,  spleen,  and  kidneys  in  place, 
as  a result  of  which  change  these  organs  are  prone  to  prolapse.  Loss  of 
support  in  the  pelvic  floor  permits  uterine  displacements.  Organs 
may  be  pulled  out  of  place  by  the  contraction  of  fibrous  tissue.  In 
chronic  interstitial  pneumonia  contraction  of  the  newly  formed  fibrous 
tissue  tends  to  pull  the  heart  and  other  mediastinal  tissues  toward  the 
affected  side,  Inflammatory  conditions  may  perpetuate  malpositions 
due  to  other  causes;  adhesions  may  render  reducible  hernias  irreducible 
or  may7  eventually  bind  in  its  new  position  an  organ  otherwise  tempo- 
rarily displaced.  One  organ  wandering  from  its  normal  position  may 
lead  to  displacement  of  another;  the  prolapsed  spleen  may  carry  with 
it  the  tail  of  the  pancreas;  the  transverse  colon  displaced  downward 
may  drag  upon  the  stomach  and  the  dilated  or  prolapsed  stomach  may 
in  turn  displace  the  colon. 
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Trauma  may  in  a number  of  ways  give  rise  to  malposition;  falls  with 
sudden  arrest,  or  blows  in  the  renal  region  may  loosen  normal  attach- 
ments and  be  followed  by  displacement  of  the  kidney.  Wounds  in  the 
abdominal  wall  may  cause  hernia  primarily,  or  secondarily  by  imperfect 
healing  and  relaxation  of  the  cicatrix.  Malpositions  due  to  fractures  of 
bone  and  displacement  of  fragments,  or  dislocation  of  articular  surfaces — 
constituting  both  a malposition  and  an  abnormal  formation — are  usually 
referred  to  as  deformities,  although  to  the  layman  malposition,  malfor- 
mation, and  deformity  are  essentially  the  same. 

It  will  be  recognized  from  the  foregoing  that  malposition  of  itself 
does  not  constitute  disease.  Misplaced  organs  may  be  functionally 
normal;  removed  from  the  body,  a right-sided  heart  may  differ  in  no 
respect  from  a normally  placed  organ.  As  already  intimated,  ectopic 
tissues  are  prone  to  disease,  and  frequently  manifest  more  or  less  per- 
version of  function;  -it  is  usually  maintained  that  abdominal  testes  pro- 
duce no  spermatozoa.  In  most  other  organs,  however,  function  is  mani- 
festly adequate.  . Malposition  not  infrequently  subjects  the  affected 
tissue  to  influences  not  exerted  upon  the  same  organ  in  its  normal  posi- 
tion; the  floating  spleen,  kidney,  or  liver  is  more  liable  to  injury  than  a 
normally  placed  organ.  Abnormal  position  not  infrequently  subjects 
nerves,  vessels,  and  ducts  to  unusual  stress;  traction  on  the  splenic  ped- 
icle obstructs  the  vein  and  favors  congestion;  torsion  of  the  pedicle  may 
arrest  the  circulation.  The  ureter  of  a floating  kidney  is  not  infrequently 
compressed,  angulated,  or  kinked,  thereby  impeding  the  outflow  of 
urine  and  causing  hydronephrosis. 

MALFORMATIONS.1 

Malformation  is  a deviation  in  structure  and  development  from  that 
most  commonly  found.  A malformed  structure  is  not  necessarily  dis- 
eased— although  it  may  have  resulted  from  disease  and  may  manifest 
a tendency  to  various  pathologic  processes  which  properly  may  be  called 
diseases.  Acquired  malformation  is  commonly  called  deformity,  al- 
though the  liver  distorted  by  the  corset  is  usually  termed  a malformed 
organ.  In  some  ways  the  term  maldevelopment  is  preferable  to  malfor- 
mation ; the  former  is  usually  applied  to  abnormal  conditions  depending 
upon  developmental  errors,  and  as  most  malformations  properly  so  called 
have  this  origin,  the  two  terms  tend  to  become  essentially  synonymous. 

Teratogenesis. — While  the  causes  of  malformation  may,  in  certain 
instances,  be  evident,  a large  percentage  of  cases  are  inexplicable  by 
facts  at  present  in  our  possession.  It  must  be  apparent  that  any  essen- 
tial abnormality  in  germ  or  sperm  cell,  or  both,  necessarily  tends  to 
abnormality  in  the  evolved  product  of  their  union.  Abnormal  influences 
brought  to  bear  upon  the  impregnated  ovum  must  necessarily  modify 
its  growth.  It  is  therefore  apparent  that  certain  causes  may  be  regarded 
as  intrinsic — having  their  origin  in  the  cells  from  which  the  new  being 
springs;  other  causes  are  extrinsic,  depending  upon  influences  acting 
upon  what  might  be  called  a normally  disposed  developmental  process. 
An  important  member  of  the  intrinsic  causes  is  inheritance;  web-fingers 
(syndactylia),  short,  stunted  fingers  or  toes  (perodactylia),  harelip,  and 

1 Consult  Ballantyne,  Manual  of  Antenatal  Pathology  and  Hygiene,  The  Embryo, 
1905;  Birnbaum,  Klinik  d.  Missbildungen  u.  kongenitalen  Erkrankungen  d.  Fdtus’ 
1909;  Schwalbe,  Die  Morphologie  d.  Missbildungen  d.  Menschen  u.  d.  Tiere,  1909.  ’ 
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minor  abnormalities  are  frequently  so  transmitted.  A mother  may 
bear  normal  children  by  one  husband  while  by  another  the  offspring  may 
show  malformations  transmitted  by  the  father.  When  a malformation 
is  traceable  to  a remote  rather  than  an  immediate  ancestor,  the  condition 
is  called  atavism,  or  reversional  heredity.  Closely  allied  to  the  trans- 
mission of  gross  morphologic  defects  must  be  classed  the  undemon- 
strable  cellular  or  cytochemic  peculiarities  of  tissue  which  create  ten- 
dencies to  disease  or  abnormal  susceptibilities,  to  which  reference  will 
be  made  later. 

In  the  chick  it  has  been  demonstrated  that  such  external  influences 
as  temperature  change,  shellacing  the  egg,  frequent  shaking,  and  ab- 
normal posture  may  determine  malformation  in  the  offspring.  The 
human  embryo  in  ectopic  pregnancies  is  not  infrequently  malformed. 
Abnormal  pressure  upon  and  abnormal  position  of  the  extremities  may 
modify  the  shape  of  the  bones  and  soft  parts.  Insufficient  amniotic 
fluid  especially  subjects  the  fetus  to  external  influences.  Adhesions 
between  the  embryo  and  the  amnion  and  abnormal  pressure  exerted 
by  the  membrane  may  also  be  causes.  Pressure  exerted  by  the  hand 
and  chin  on  the  thorax  may  interfere  with  development  of  the  sternum. 
The  funis  wrapped  around  an  extremity  may  by  pressure  cause  ampu- 
tation. It  has  been  alleged  that  increased  abdominal  or  uterine  pres- 
sure may  produce  malformations;  Ballantyne  does  not  hold  this  view, 
nor  does  he  look  with  favor  upon  the  often  expressed  opinion  that  mal- 
formation of  one  twin  may  be  due  to  pressure  exerted  by  the  other. 
These  and  similar  influences  are  called  the  extrinsic  causes  of  malforma- 
tion. The  earlier  these  influences  become  operative,  as  a rule,  the  more 
marked  the  resulting  malformation. 

Nosologic  or  Pathologic  Theory. — Disease  of  the  fetus  may  give  rise 
to  important  developmental  defects.  Obliterative  changes  in  the  fetal 
vessels  may  arrest  or  modify  the  development  of  the  affected  tissues; 
thus  occlusion  of  the  renal  artery  may  prevent  or  arrest  the  evolution  of 
the  kidney,  and  endocardial  lesions  causing  stenosis  of  the  pulmonary 
artery  may  indirectly  prevent  perfect  closure  of  the  ventricular  septum. 
Not  only  may  the  fetus  be  influenced  by  its  own  diseases,  but  morbid 
processes  (for  example,  infections)  in  the  mother  may  exert  a deleterious 
action  on  fetal  growth. 

The  Embryologic  Theory. — It  is  recognized  that  in  many  malfor- 
mations there  is  little  more  than  perpetuation  of  normal  fetal  condi- 
tion ; fissures  in  the  median  line,  whether  complete  or  incomplete,  an- 
terior or  posterior,  are  more  or  less  perfect  perpetuations  of  develop- 
mental features.  While  recognizing  these  facts,  difficulty  still  remains 
in  explaining  why  the  normal  developmental  process  was  not  completed. 
The  abnormality  may  have  been  influenced  by  heredity,  the  fusion  of 
abnormal  ova  and  sperm  cells,  abnormal  pressure,  amniotic  adhesions, 
diseases  of  blood  vessels,  intrauterine  injury,  or  other  causes. 

Chemical  influences  in  the  production  of  malformations  have,  until 
recently,  been  unappreciated.  Stockard1  has  succeeded  in  producing 
cyclopean  fish  by  allowing  the  eggs  to  develop  in  sea  water  containing  an 
excess  of  magnesium  chlorid;  at  times  fifty  per  cent,  of  the  embryos  were 
affected. 

Systematic  classification  of  malformations  is  exceedingly  difficult. 

1 Journ.  Experimental  Zoology,  vol.  vi,  No.  2. 
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Only  rarely  is  the  same  malformation  exactly  repeated,  and  in  many 
instances  numerous,  often  entirely  dissimilar,  malformations  are  observed 


Fig.  I.— Adhesion  of  Amnion  to  Head;  Short  Umbilical  Cord.  ( Birnbaum .) 

in  the  same  individual.  Koch1  describes  a child,  born  at  about  the 
seventh  month  of  gestation  and  manifesting  the  following  malforma- 

1 Virch.  Archiv.,  Bd.  cxcvi,  Heft  2,  pp.  207-220,  May,  1909. 
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tions:  Pseudohermaphroditismus  femininus  externus;  anal  and  uro- 

genital atresia;  bilateral  pes  valgus;  persistent  omphalomesenteric  duct 
with  its  own  mesentery;  persistent  urachus;  asymmetrical  hypogastric 
arteries;  defect  of  appendix;  multiple  spleens  (four) ; hypoplasia  of  kidneys 
with  cartilage  islands  and  concretions;  dilatation  of  ureters;  communi- 
cation of  bladder  and  colon  with  a sac  into  which  the  tubes  and  ureters 
opened  and  from  which  the  urethra  arose;  small  accessory  liver  on  anterior 
wall  of  gall-bladder;  hypoplasia  of  lungs;  blind  ending  of  the  esophagus 
above,  communication  of  lower  part  with  trachea  just  above  the  bifur- 
cation; defect  of  coccyx  and  lower  four  sacral  vertebrae;  transversely 
contracted  pelvis;  defect  of  conus  terminalis. 

Ballantyne’s  modification  of  Taruffi’s  classification  provides  for  the 
following:  (A)  Monosomatous  terata,  (B)  polysomatous  terata. 


Fig.  2. — Fissure  of  Abdominal  Wall  and  Urinary  Bladder. 
a,  bkm  margin;  b,  Peritoneum;  c,  Bladder;  d,  Trigone;  e,  Urethra;/,  Labium.  (Birnbaum.) 

The  monosomatous  terata  are  those  in  which  a single  individual  is 
involved  and  include  those  malformations  in  which  the  whole  or  nearly 
the  whole,  body  is  affected — pantosomatous  terata  such  as  dwarfism 
(microsomia),  giantism  (macrosomia) , and  hemihy per  trophy  and  hemi- 
atrophy. The  second  .subdivision  of  the  monosomatous  terata  embraces 
the  merosomatous  terata  in  which  the  anomaly  affects  a part  of  the  body 
only,  such  as  the  head  and  contents,  spinal  column  and  contents,  face, 
neck,  thorax  or  abdomen,  or  some  structure  included  in  any  group.  In 
a large  pait  these  lepresent  malformations  of  organs  and  systems  and 
consequently  theii  description  has  been  included  in  the  special  chapters 
dealing  with  these  parts.  This  also  applies  to  perpetuated  fetal  structures 
that  normally  disappear,  as,  for  example,  the  thyroglossal  duct,  the  per- 
sistence of  which  may  cause  cysts  (see  malformations  of  the  thyroid 
gland) , or  the  omphalomesenteric  duct  (see  malformations  of  the  intestines) . 
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This  group  includes  true  and  false  hermaphroditism.  True  her- 
maphrodites are  bisexual,  false  hermaphrodites  unisexual.  In  her- 
maphrodismus  verus  testis  and  ovary  are  present.  In  pseudohermaphro- 
dismus  various  combinations  of  the  male  and  female  characteristics  ma}^ 
be  present,  the  true  sex  depending  upon  which  sexual  glands  are  found 
in  the  individual.1  With  this  group  would  also  be  included  fissures  and 
clefts  in  the  median  line,  both  anterior  and  posterior,  due  to  the  imperfect 
development,  faulty  or  non-union  of  extensions  that  normally  meet  in 
the  median  line.  Cranial  defects  belonging  to  this  class  I have  described 
under  malformations  of  the  central  nervous  svstem,  and  facial  abnor- 
malities  involving  the  upper  respiratory  and  alimentary  tracts  with 
those  systems.  Other  fissures  in  the  median  line  anteriorly  may  affect 


Talipes 

equinus 


Talipes 

calcaneous 


Talipes  cavus 
or  arcuatus 


Talipes 

varus 


Talipes 
equino- varus 


Talipes 

valgus 

Fig. 


Talipes 

calcaneo- valgus 

3- — Varieties  op  Club-foot.  (Gould.) 


Talipes 

calcaneo- varus 


Talipes 
equino- valgus. 


the  thorax  (thoracoschisis)  or  the  abdomen  (fissura  abdominalis  or 
gastroschisis)  or  both  (thoracogastroschisis).  Such  malformations  may 
be  associated  with  the  eventration  of  one  or  more  organs  normally  en- 
closed within  the  cavities  affected.  In  lesser  degrees  (fissura  sterni 
fissura  abdominalis  incompleta)  the  cavities  are  enclosed  although  the 
walls  in  the  median  line  are  defective  and  more  or  less  weakened.  Af- 
fecting the  urinary  organs,  imperfect  union  in  the  median  line  may  give 
rise  to  fissure  or  exstrophy  of  the  urinary  bladder,  and,  when  projected 
downward,  genital  fissure  and  epispadias. 

Among  the  deformities  not  considered  elsewhere  and  properly  grouped 
under  the  merosomatous  anomalies  are  the  malformations  involving  the 

1 See  Special  Pathology,  articles  on  male  and  female  reproductive  organs. 
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extremities.  Talipes  or  club-foot,  one  of  the  commoner  malformations 
may  be  congenital  or  acquired,  or  a mildly  congenital  form  may,  as  de- 
velopment proceeds,  become  more  marked.  The  normal  apposition  of 
the  bones  of  the  foot  is,  to  a large  degree,  maintained  by  a balance 
of  the  muscles  in  which  the  proper  muscle  tension  by  each  group 

is  adequately  but  not  excessively  re- 
sisted by  the  contractility  or  tonus  of 
the  opposed  muscle  or  muscles.  If 
as  a result  of  disease  or  abnormality 
of  the  muscles,  or  of  their  innervation, 
a muscle  or  muscle  group  is  rendered 
inactive  or  the  contractility  exceeds 
that  of  the  physiologically  opposed 
muscle  or  group,  there  results  a pull  in 
one  direction  giving  rise  to  an  inclina- 
tion of  the  affected  structure  (usually 
the  point  of  attachment),  producing 
new  lines  of  pressure  upon  developing 
bones  and  articular  surfaces,  result- 
ing in  abnormal  contour  and  conse- 
quently directional  misplacement.  De- 
velopmental defects  of  the  bones  or 
of  their  articular  surfaces,  abnormal- 
ities in  ligaments  and  tendons  may 
also  be  factors.  The  forms  of  talipes 
are  indicated  by  the  accompanying 
illustration  (Fig.  3). 

Absence  of  one  or  more  of  the 
long  bones  in  the  extremities  is  oc- 
casionally encountered;  the  fibula  is 
absent  oftener  than  the  tibia,  the 
radius  than  the  ulna,  and  the  patella 
more  frequently  than  any  long  bone 
of  the  extremities.  In  hemimelus 
the  involved  extremity  ends  in  a 
stump  which,  so  far  as  it  goes,  is 
fairly  or  fully  developed.  When  the 
distal  part  of  a limb  is  attached  di- 
rectly to  the  trunk,  parts  which  should 
intervene  being  absent,  the  condition 
is  called  phocomelus.  One  or  more 
fingers  may  be  absent,  ectrodactylia, 
which,  when  all  the  digits  of  an 
„ c ,D.  , extremity  are  absent,  is  called  com- 

plete,  and  when  one  or  more  are 
normal,  partial.  Brachydactylia  is  applied  to  abnormally  short  fingers 
or  toes;  the  shortening  involving  metacarpus  or  metatarsus;  if  the  pha- 
langes alone  are  involved,  the  anomaly  is  termed  brachyphalangia.  When 
fingers  or  toes  are  joined  by  webs  of  skin  the  condition  is  called  syn- 
dactylia.  The  hand  or  foot  may  be  fissured  and  occasionally  a number 
of  fingers  are  duplicated,  giving  rise  to  the  appearance  of  a double  hand. 
Supernumerary  digits  (polydactylia)  may  be  encountered,  sometimes  as 
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Fig.  5. — Incomplete  Heterotaxy. 

(Viscera  from  case  reported  by  Drs.  Royer  and  Wilson,  Arch,  of  Pediatrics  ) 

1.  Right  common  carotid.  12.  Upper  lobe  of  left  lung 

2.  Left  common  carotid.  13.  ' • 

. Arch  of  aorta.  14. 

. Upper  lobe  of  right  lung.  15. 

. Lower  lobe  of  right  lung.  16. 

. Pericardium.  17. 

. Diaphragm.  18. 

. Spleens.  19. 

. Pylorus.  20. 

. Sigmoid.  21. 

1 1 . Larynx. 


Right  innominate  vein. 
Middle  lobe  of  left  lung. 
Heart. 

Lower  lobe  of  left  lung. 
Liver. 

Gall-bladder. 

Appendix. 
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a familial  malformation.  When  all  four  limbs  are  absent  the  condition 
is  called  amelus,  when  one  or  more  of  the  limbs  is  unaffected  the  con- 
dition is  termed  ectromelus.  When  the  lower  limbs  are  fused,  frequently 
involving  changes  in  the  bony  pelvis,  the  anomaly  is  known  as  sympodia 
or  siren  malformation. 


A third  division  of  the  monoso- 
matous  terata  embraces  the  hetero- 
taxic  terata  and  includes  those  anom- 
alies characterized  by  lateral  inver- 
sion or  transposition  of  viscera.  Heter- 
otaxy1  involving  all  the  thoracic  and 
abdominal  viscera  is  said  to  be  total; 
in  typical  cases  the  organs  occupy 
a position  in  their  respective  cavi- 
ties that  would  be  observed  in  a 
mirror  before  which  stood  an  indi- 
vidual with  viscera  in  normal  posi- 
tion ; consequently  the  condition  is 
sometimes  called  “mirror  transpo- 
sition.” When  the  organs  of  the 
thorax  or  of  the  abdomen  alone  are 
affected  the  heterotaxy  is  partial. 
In  cases  of  total  heterotaxy  there 
may  be  indications  of  transposition 
of  the  cerebral  hemispheres.  All  of 
the  organs  in  any  given  cavity 
may  not  be  involved,  justifying  the 
terms  incomplete,  localized  or  atyp- 
ical heterotaxy.  Transposition  is 
more  common  in  males  and  does  not 
appear  to  be  influenced  by  heredity. 
The  misplaced  organs  may  perform 
their  functions  normally,  the  patient 
manifesting  no  subjective  signs  of 
the  condition.  Of  the  many  hy- 
potheses advanced  concerning  the  cause  of  the  condition  none  can  be 
regarded  as  satisfactory.  According  to  Royer  and  Wilson  heterotaxy 
is  not  exceedingly  rare;  more  than  three  hundred  cases  are  on  record. 

The  polysomatous  terata  are  instances  in  which  two  or  more  individ- 
uals are  involved,  the  duplicated  monsters  of  some  writers  or  the  mon- 
strosities by  excess  or  abundance.  They  are  the  disomata  in  the  classi- 
fication of  Taruffl.  This  group  includes  monochorionic  or  homologous 
twins,  and  also  triplets,  quadruplets,  quintuplets,  all  of  which  in  man, 
according  to  Ballantyne,  should  be  classed  with  the  terata.  When  the 
individuals  communicate  with  each  other  by  the  umbilical  vessels  in  or 
near  the  single  placenta,  they  are  said  to  be  allantoido-angiopagous  twins ; 
usually  one  is  deformed.  When  the  twins  are  so  joined  that  some  parts 
are  structurally  continuous,  they  are  called  duplicated  monsters  or  double 


Fig.  6. — Pygopagus.  ( Debierre , Simes  ’ 
translation.) 


^oyer  and  Wilson,  Arch,  of  Pediatrics,  December,  1908;  Risel,  Centralbl.  f. 
Allgem.  Path.,  Bd.  xx,  August,  1909,  p.  673;  Thompson,  Lancet,  May  14,  1901, 
p.  1322;  Schelenz,  Centralbl.  f.  Allgem.  Path.,  Bd.  xxi,  June,  1910,  p.  489;  Karsner, 
Univ.  of  Penna.  Med.  Bull.,  vol.  xxiii,  No.  4,  June,  1910,  p.  189;  McCrae,  Jour, 
of  Anat.  and  Phys.,  vol.  xl. 
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terata,  which  may  be  symmetric — that  is,  both  approximately  equally 
developed — or  asymmetric,  in  which  case  the  rudimentary  or  imperfectly 
developed  individual  is  said  to  be  a parasite,  or  parasite  upon  the  other — 

the  autosite. 

When  the  individuals  are  joined  together  posteriorly,  the  anterior 
parts  are  said  to  be  duplicated  (duplicitas  anterior) . In  the  pygopagus 
the  coccygeal  or  sacral  areas  are  fused.  In  the  ischiopagus  the  pelves 
are  fused  end  to  end,  the  sacra  being  apposed.  In  the  dicephalus  the 
trunks  are  fused,  the  heads  alone  or  the  heads  and  necks  more  or  less 
clearly  separated.  When  the  heads  alone  are  fused  (craniopagus)  the 


Fig.  7. — Double  Monster.  (Courtesy  of  Dr.  Frescoln.) 

The  larger  (autosite)  shows  cyclopia,  double  harelip,  club-hand  and  club-feet.  The  smaller,  parasite 
is  acephalus,  neck  fused  to  sternal  region  of  the  autosite;  thoracopagus  parasiticus.  ’ 


fetuses  may  be  joined  end  to  end  (acrocephalus  pagus,  craniopagus  parie- 
talis),  the  anterior  parts  may  be  merged  (metopagus,  craniopagus  fron- 
talis) . or  the  junction  may  be  in  the  neighborhood  of  the  inion  (iniopagus, 
craniopagus  occipitalis) . When  the  anterior  parts  of  the  body  arc  more 
or  less  perfectly  fused,  the  condition  is  called  duplicitas  posterior.  With 
more  or  less  perfect  separation  of  the  trunks  and  fusion  of  the  heads  the 
syncephalus  results.  In  the  dipygus  only  the  lower  half  of  the  trunk  and 
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extremities  are  duplicated.  Lateral  fusion  (duplicitas  parallela)  is  rare. 
Among  the  commoner  forms  of  double  monster  are  the  xyphopagus,  in 
which  union  occurs  at  the  xyphoid;  a more  extensive  union  in  the  breast- 
plate is  called  a sternopagus ; both  these  forms  are  included  in  the  group 

thoracopagus. 

The  parasitic  double  terata  comprise  an  autosite  and  parasite,  the 
former  commonly  well  developed,  the  latter  incompletely  or  morpho- 
logically quite  unlike  a fetus.  The  parasite  may  be  attached  to  almost  any 
part  of  the  autosite,  may  be  sufficiently  developed  to  be  readily  iden- 
tified as  part  of  a fetus,  or  be  an  amorphous  mass  covered  by  skin  but 
containing  rudimentary  structures  by  which  its  fetal  nature  can  be  recog- 
nized. The  parasite  may  be  within  the  developed  autosite  constituting 
an  included  twin — an  example  of  foetus  in  foetu.  From  such  inclusions 
certain  tumors  (teratomata)  may  arise. 


CHAPTER  II. 


DISEASE. 

The  fact  that  the  normal  for  any  given  function  is  bounded  by  rela- 
tively widely  separated  extremes  renders  it  difficult  to  formulate  for 
disease  a definition  that  will  include  all  morbid  manifestations,  and  ex- 
clude variations  from  the  usual  that  are  within  the  boundaries  of  the 
normal.  To  say  that  disease  is  any  tissue  alteration,  chemical  or  struc- 
tural, modifying  the  function  of  a tissue  or  an  organ,  such  modification 
being  beyond  the  extremes  of  the  normal,  rather  obscures  than  clarifies 
our  idea  of  the  condition.  Chantemesse  and  Podwyssotsky  define  disease 
as  the  sum  of  the  actions  and  reactions  provoked  in  the  function,  structure, 
and  harmony  of  the  organism  by  a morbid  cause. 

The  changes  produced  by  disease  are  its  lesions;  the  alterations  in 
structure,  its  morbid  anatomy;  the  symptoms,  its  morbid  physiology; 
permanent  tissue  alterations  are  its  results.  It  has  been  the  custom  to 
speak  of  organic  disease,  implying  thereby  disease  of  structure  or  struc- 
tural alteration,  evident  to  the  unaided  eye  (macroscopic  lesion)  or 
demonstrable  with  the  microscope  (microscopic  lesion).  Of  the  chem- 
ical alterations  in  tissue  we  know  much  less;  it  is  evident,  however,  that 
every  structural  change  must  have  a chemical  basis  and  be  associated 
with  an  abnormal  chemistry  in  the  tissues  involved.  The  fact  is  shown 
by  the  increased  collagen  of  fibroid  organs,  the  abnormal  fat  or  lipoid 
content  in  fatty  infiltration  and  fatty  degeneration,  the  apparently 
newly  formed  substance  in  lardaceous  disease,  and  the  manufacture  and 
deposit  of  abnormal  pigments  in  certain  pigmentary  affections;  with 
the  more  subtle  chemistry  of  many  abnormal  processes  we  remain  indif- 
ferently acquainted. 

In  most  diseases  an  anatomical  basis — more  or  less  constant  alter- 
ation in  particular  tissues — can,  by  the  means  at  present  at  our  disposal,  be 
recognized.  There  is,  however,  a relatively  large  list  of  morbid  mani- 
festations possessing  no  demonstrable  tissue  alteration.  These  are  called 
functional  diseases,  and  include  such  clinical  phenomena  as  palpitation 
of  the  heart,  certain  types  of  vertigo,  hysteria,  neurasthenia,  and  a number 
of  the  insanities.  Improved  technic  and  more  extended  study  are  con- 
stantly narrowing  the  realm  of  functional  disease,  and  it  is  generally 
recognized  that  the  term  is  a cloak  for  our  ignorance  but  expressing  the 
limitations  of  our  knowledge.  The  most  reasonable  explanation  of  these 
obscure  diseases  is  the  hypothesis  that  they  depend  upon  chemical  alter- 
ations in  the  affected  tissues  or  are  responses  to  the  influence  of  unidenti- 
fied poisons  acting  upon  cells  and  inducing  abnormal  manifestations 
without  at  the  same  time  giving  rise  to  recognizable  structural  alterations. 

The  limitations  of  our  knowledge  are  such  as  to  render  accurate 
nosology  (the  scientific  classification  of  disease)  more  or  less  imperfect; 
a classification  based  upon  cause  at  once  encounters  numerous  diseases 
the  causes  of  which  are  unknown;  if  we  turn  to  structural  change,  the 
fact  confronts  us  that,  in  some  instances,  apparently'  identical  lesions 
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are  produced  by  different  causes.  Symptomatology  offers  us  nothing 
better,  and  hence  at  present  the  nosologist  is  driven  to  accept  a veri- 
table medley  in  which  the  strains  of  all  possible  bases  of  classification 
may  be  recognized. 

With  regard  to  the  duration  of  disease  the  terms  acute  and  chronic 
are  usually  applied.  Acute  diseases  are  manifested  by  suddenness  of 
onset,  relatively  short  duration,  possess  fairly  constant  characters,  are 
not  infrequently  self-limited,  and  usually  are  marked  by  a frank  symp- 
tomatology. Fulminating,  foudroyant,  or  hyperacute  diseases  are  char- 
acterized by  suddenness  and  intense  severity. 

Chronic  diseases  commonly  begin  insidiously,  frequently  impercep- 
tibly, although  occasionally  they  are  the  perpetuation  of  acute  attacks. 
They  are  further  characterized  by  a rather  indefinite  duration,  irregular 
or  varying  symptoms,  which  not  infrequently  intermit  or  remit;  the 
lesions  may  or  may  not  be  accompanied  by  remission  or  intermission; 
commonly  the  latter  are  uninterrupted,  although  the  rapidity  of  advance 
often  varies. 

Diseases  due  to  parasites  are  called  parasitic  diseases ; ordinarily  the 
use  of  the  term  is  restricted  to  morbid  processes  due  to  animal  parasites. 
Diseases  due  to  lower  forms  of  vegetable  life  are  called  bacterial,  microbic, 
or  germ  diseases ; an  infection  evidently  due  to  a living  contagium  and 
without  which  the  morbid  process  cannot  occur  is  called  a specific  disease. 
Diseases  readily  transferred  from  man  to  man,  or  from  animal  to  man, 
are  called  communicable ; those  of  the  communicable  diseases  trans- 
mitted by  contact,  mediate  or  immediate,  are  termed  contagious.  Dis- 
eases due  to  the  entrance  and  proliferation  of  a vegetable  organism  in 
the  tissues  of  the  body  are  also  called  infections  or  infectious  diseases. 
Morbid  processes  for  which  we  can  discern  no  adequate  cause  are  called 
idiopathic;  rather  than  say  idiopathic  or  of  “self-origin”  it  would  be 
better  to  use  cryptogenic,  meaning  of  hidden  or  obscure  origin. 

Traumatic  diseases  are  due  to  injury.  When  the  cause  enters  by  the 
alimentary  tract,  the  disease  is  said  to  be  of  ingestive  origin. 

Epidemiologic  Classification. — A disease  constantly  present  in  a 
given  area  is  said  to  be  endemic ; when  occurring  only  occasionally, 
sporadic.  When  a large  number  of  cases  occur  in  a single  locality,  in  a 
brief  period,  the  disease  is  epidemic ; when  an  epidemic  is  distributed 
over  a larger  area,  e.  g.,  a hemisphere,  the  disease  is  said  to  be  pandemic. 

It  is  often  convenient  to  divide  diseases  into  local  and  general,  the 
former  restricted  to  some  particular  organ  or  area  and  the  latter  showing 
a wide  distribution.  Systematic  writers,  for  convenience  in  description, 
not  infrequently  classify  diseases  on  an  anatomical  or  regional  basis; 
thus  surgeons  write  of  surgery  of  the  head,  the  internist  of  diseases  of 
the  pulmonary  system,  the  gynecologist  on  affections  of  the  reproductive 
organs,  and  neurologists  on  diseases  of  the  nervous  system. 

Complications  are  morbid  conditions  not  usually  constituting  a part 
of  the  disease  with  which  they  occur,  but  traceable  to  its  manifestations; 
thus,  perforation  of  the  intestine  is  a complication  of  typhoid  fever  result- 
ing from  extension  of  the  necrotic  process  in  the  typhoid  ulcer  through 
the  intestinal  wall.  They  differ  from  intercurrent  diseases,  which  attack 
a patient  already  the  victim  of  some  other  affection.  Sequelae  are  morbid 
processes  which  ordinarily  do  not  develop  until  the  patients  have  almost 
or  quite  recovered  from  the  diseases  to  which  they  are  due.  The  distinc- 
tion between  sequel  and  complication  is  not  always  clear;  a nephritis 


DISEASE. 


21 


occurring  during  the  course  of  scarlet  fever  is  a complication;  appearing 
later,  a sequel. 

Pathogenesis  or  etiology  is  that  branch  of  pathology  dealing  with 
the  cause  of  disease.  Whatever  may  be  the  change  going  on  in  an  organ 
or  tissue,  it  must  be  recognized  that  there  is  some  underlying  cause,  and 
that  the  manifestation  is  the  reaction  of  the  structures  to  some  influence 
the  exact  character  of  which  may  not  be  known.  White  defines  a cause 
as  the  invariable,  unconditional  antecedent  of  an  event,  which,  in  relation 
to  the  cause,  is  called  the  effect.  In  pathology  the  factor  or  factors  giving 
rise  to  disease  constitute  its  cause;  the  alterations  in  structure  and  func- 
tion, the  effect.  No  satisfactory  classifications  of  causes  can  be  made, 
although  general  subdivisions  are  recognized. 

Predisposing,  remote,  or  conditional  causes  are  those  favoring  the 
action  of  the  immediate,  unconditional,  or  exciting  causes.  Surgeons 
have  demonstrated  that  tissues  may  be  injured  without  the  occurrence  of 
suppuration;  the  essential  cause  in  the  production  of  suppuration  is 
infection.  The  wound,  by  breaking  the  continuity  of  a protected  surface, 
injuring  the  tissues  and  introducing  bacteria,  indirectly  causes  the  subse- 
quent inflammation  and  suppuration.  Predisposing  causes  are  not 
specific,  exciting  causes  partake  more  of  this  quality. 

There  are  certain  causes  that  are  inherent  to  the  individual;  these 
are  called  internal,  intrinsic,  or  autogenous. 

Age. — Some  diseases  are  largely  restricted  to  infancy;  others  to 
adolescence,  adult  life,  or  old  age.  In  the  influence  exerted  by  age  on 
the  inception  of  disease  a number  of  special  features  must  be  recognized. 
The  fact  that  in  infancy  and  in  youth  the  individual  is  first  exposed  to 
certain  infectious  diseases  which,  if  acquired,  do  not  recur,  renders  those 
affections  common  during  that  period  in  life  not  because  of  any  over- 
whelming susceptibility  incident  to  the  age,  but  rather  because  the  initial 
exposure  happens  at  that  time.  There  can  be  no  doubt,  however,  that 
the  child  is  more  susceptible  than  the  adult  to  certain  infections,  for  ex- 
ample, scarlet  fever,  diphtheria,  and  many  infections  of  the  alimentary 
canal.  The  susceptibility  of  young  bones  to  infection  during  the  period 
of  adolescence  is  probably  attributable  to  the  vascularity  of  active  growth 
and  the  frequency  with  which  injury  occurs  at  that  time.  During  adult 
life  the  individual  is  subjected  to  the  dangers  of  the  heightened  activity 
incident  to  the  period,  and  with  old  age  come  lesions  of  the  vessels  and 
failing  functional  activity  in  a number  of  tissues — especially  the  renal  and 
cardiovascular  systems — which  in  time  bring  their  own  perils. 

Sex  influences  the  occurrence  of  disease  not  only  because  of  ana- 
tomic and  physiologic  differences,  but  to  a large  degree  on  account  of 
difference  in  habits,  and  in  the  relation  of  the  individual  to  environment. 
The  fact  that  the  mammary  gland  in  the  female  is  functionally  active 
through  a large  period  of  a woman’s  life  renders  it  particularly  prone  to 
disease,  while  in  man  the  organ  is  rarely  affected;  the  short  urethra  of 
the  female  renders  her  infrequently  subject  to  vesical  calculus.  Man 
falls  a victim  to  diseases  favored  by  exposure,  for  example,  pneumonia, 
rheumatism,  and  sunstroke;  woman,  as  a result  of  her  immured  existence 
and  consequent  deprivation  of  fresh  air  and  sunlight,  is  especially  liable 
to^anemia.  The  lax  sexual  life  of  the  male  makes  him  the  frequent  sub- 
ject of  venereal  disease  and  his  less  restrained  appetite  brings  the  dangers 
of  intemperance,  especially  alcoholism. 

Race. — The  negro  is  less  susceptible  to  malaria  than  the  Caucasian, 
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but  is  a great  sufferer  from  tuberculosis  in  all  its  forms.  Chorea  is  rare 
or  unknown  in  the  Mongolian. 

Idiosyncrasy  is  an  unusual  susceptibility  to  the  injurious  action  of 
agencies  that  do  not  influence  other  individuals.  Some  persons  are 
peculiarly  susceptible  to  fish  or  mushrooms,  certain  odors,  or  particular 
medicaments,  especially  the  iodids,  opium,  or  quinin. 

Among  the  most  important  of  the  intrinsic  influences  is  heredity.1 
It  is  generally  agreed  that  there  is  no  essential  difference  between  physio- 
logic and  pathologic  heredity.  Certain  diseases  seem  to  be  essentially 
the  results  of  heredity.  Important  among  these  can  be  mentioned  the 
hemorrhagic  diathesis  and  Friedreich’s  ataxia,  both  of  which  are  discussed 
elsewhere.  Woods  Hutchinson  in  50,000  cases  of  insanity  found  evidence 
of  heredity  in  22.6  per  cent.;  McGugan  thinks  that  in  America  hereditary 
tendencies  are  present  in  80  to  90  per  cent,  of  the  cases.  The  frequency 
with  which  tuberculosis  attacks  those  of  a certain  ancestry,  and  the 
tendency  of  the  offspring  of  syphilitic  parents  and  those  addicted  to 
chronic  alcoholism  to  certain  diseases,  must  generally  be  admitted.  It 
seems  well  established  that  the  mother  is  more  likely  to  transmit  than 
the  father.  It  is  not  possible  in  this  work  to  enter  into  a discussion  of 
the  inheritance  of  acquired  characters — a theory  not  accepted — but  there 
can  be  no  doubt  that  the  product  of  conception  is  materially  influenced 
by  acquired  processes  affecting  the  parents.  Various  explanations  have 
been  offered  for  the  frequency  of  certain  diseases  among  the  progeny  of 
alcoholics  and  syphilitics.  It  seems  highly  probable  that  poisons  cir- 
culating in  the  blood  of  a parent  may  influence  the  developing  sexual 
cell,  rendering  the  offspring  more  susceptible  to  certain  diseases.  Noxious 
influences  are  more  prone  to  exert  their  deleterious  action  upon  highly 
organized  tissues,  and  more  especially  upon  structures  whose  highest  physi- 
ologic action  has  been  last  acquired  in  the  evolution  of  the  race.  If  this 
view  be  correct,  it  satisfactorily  explains  the  frequency  with  which  dis- 
ease of  the  nervous  system  attacks  the  progeny  of  alcoholics,  syphilitics, 
and  those  suffering  from  chronic  lead-poisoning,  and  other  intoxications. 

Longevity  and  also  presenility  are  frequently  familial  traits.  Mott2 
refers  to  a man  who  died  at  the  age  of  160  when  his  oldest  son  was  103 
and  his  youngest  9 years  of  age.  The  statistical  studies  of  Pearson  have 
shown  that  unusual  fecundity,  fertility  and  longevity  are  inherited. 

The  presence  of  one  disease  may  predispose  to  another;  leukoplakia 
of  the  tongue  may  terminate  in  cancer;  diabetics  are  especially  suscep- 
tible to  certain  infections,  and  patients  having  chronic  interstitial  neph- 
ritis are  more  liable  to  inflammation  of  the  serous  membranes.  This 
increased  susceptibility  to  some  other  disease  is  probably  the  result  of 
the  deleterious  action  of  the  existing  process  on  the  normal  inhibiting 
influences  of  the  body. 

The  external,  extrinsic,  or  exogenous  causes  of  disease  are  factors 
acting  upon  the  body  from  without.  Some  of  these  are  in  a way  special; 
others  may  be  regarded  as  the  sum  total  of  man’s  environment/  Certain 
diseases  are  restricted  to  warm  countries,  because  in  such  climates  only 
are  conditions  suitable  for  their  propagation.  Diseases  propagated  by 
insects  cannot  occur  in  regions  the  climatic  conditions  of  which  preclude 
the  existence  of  suitable  insects.  This  is  especially  borne  out  by  our 

1 Chantemesse  and  Podwyssotsky,  Les  Processes  Generaux  vol  i t>  or  Reid 
The  Laws  of  Heredity.  ’ ’ F 

2Brit.  Med.  Jour.,  Oct.  28,  1905,  p.  1087. 
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knowledge  of  trypanosomiasis  and  malaria.  The  influence  of  climate  on 
disease  is  also  shown  by  the  occurrence  of  seasonal  exacerbations  in  cer- 
tain affections  and  the  fact  that  some  diseases  are  particularly  frequent 
during  certain  months.  Cleemann  found  that  of  621  cases  of  typhoid, 
441  occurred  during  the  summer  and  autumn.  Smallpox  is  most  active 
between  December  and  February;  pneumonia  is  twice  as  frequent  in  the 
winter  and  spring  as  in  the  summer  and  autumn.  That  man  tends  to 
adapt  himself  to  climatic  influences  is  shown  by  the  heightened  suscepti- 
bility to  tropical  diseases  manifested  by  the  unacclimated. 

Certain  occupations  are  so  constantly  associated  with  definite  proc- 
esses that  the  latter  have  been  called  artisans’  diseases.  Those  brought 
in  contact  with  lead  suffer  a special  type  of  intoxication  called  plumbism. 
Laborers  in  dust-laden  atmospheres  acquire  pneumonoconiosis;  the  pen 
and  the  telegrapher’s  key  induce  writer’s  cramp  and  telegrapher’s  cramp 
respectively. 

The  habits  of  the  individual  may  subject  him  to  special  dangers. 
Smoker’s  cancer  follows  the  local  irritation  of  pipe  or  cigar  and  certain 
cardiac  and  nervous  phenomena  may  result  from  the  absorption  of 
poisons  derived  from  tobacco.  The  deleterious  effects  of  alcoholic  in- 
temperance are  well  known.  Mention  may  here  be  made  of  the  so-called 
mental  causes,  among  which  should  be  classed  prolonged  mental  effort, 
anxiety,  and  worry,  and  the  depressing  influence  of  profound  emotion. 
The  prevalence  of  certain  diseases  of  the  nervous  system  is  directly  at- 
tributable to  the  stress  which  the  modern  life  throws  upon  the  nervous 
system. 

Starvation  and  Allied  Conditions. — The  inability  of  the  body  to  secure 
the  materials  requisite  for  the  maintenance  of  function,  including  growth 
and  replacement  of  waste,  is  followed,  more  or  less  rapidly,  by  well- 
marked  disturbances.  Deprivation  of  the  elements  requisite  for  nutri- 
tion may  be  dependent  upon  external  conditions,  or  may,  to  a certain 
extent,  arise  from  perversion  of  normal  processes.  Thus,  reduction  in 
supplied  oxygen  results  from  its  absence  or  scantiness  in  the  surrounding 
medium,  as  when  the  body  is  submerged  in  water;  or  it  may  be  due  to 
occlusion,  to  spasm,  or  to  the  presence  of  a foreign  body  in  the  air-pas- 
sages; or,  as  a result  of  altered  absorbing  power,  the  blood  may  not  be 
able  to  take  up  the  gas  even  when  the  latter  is  abundantly  supplied  in 
the  vesicular  structure  of  the  lungs.  In  carbon  monoxid  poisoning  the 
gas  seems  to  combine  so  firmly  with  the  oxygen-carrying  bodies  that  it 
cannot  be  displaced,  and  no  matter  how  rich  in  oxygen  the  inspired  air 
may  be,  it  is  not  absorbed  as  in  health.  The  changes  induced  are  largely 
dependent  upon  the  extent  to  which  the  supply  is  diminished,  the  dura- 
tion of  the  oxygen  starvation,  and  the  facilities  afforded  for  the  excretion 
of  materials  the  accumulation  of  which  is  favored  by  the  absence  of  the 
normal  respiratory  interchange.  If  the  amount  of  oxygen  supplied  be 
but  moderately  diminished,  the  most  frequent  changes  occurring  in  the 
fluids  and  organs  of  the  body  are  degenerative  processes,  so  slowly  brought 
about  as  to  be  inconspicuous  until  in  an  advanced  stage.  The  more 
marked  or  more  rapid  lessening  of  the  supply  of  oxygen,  such  as  results 
from  pressure  of  exudates  or  tumors  without  the  larynx  or  swelling  within, 
gives  rise  to  the  condition  known  as  asphyxia.  In  the  production  of 
the  phenomena  grouped  under  this  heading  the  accumulation  of  carbon 
dioxid  has  probably  more,  or  certainly  equally  as  much,  to  do,  as  the 
associated  diminution  in  the  quantity  of  oxygen  present. 
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Food  and  drink,  as  well  as  oxygen,  are  necessary  for  the  maintenance 
of  life,  and  a marked  reduction  in  the  supply  of  any  of  these  causes  mani- 
fest changes  in  the  nutrition  of  the  organism.  As  is  the  case  with  oxygen, 
so  we  find  with  food;  the  intensity  of  the  lesions  produced  depends  largely 
upon  the  extent  and  rapidity  with  which  the  food-supply  is  reduced. 
Insufficient  nourishment  usually  gives  rise  to  lessened  resistance  on  the 
part  of  the  individual,  rendering  him  more  susceptible  to  the  action  of 
causes  that,  under  ordinary  circumstances,  would  produce  no  effect. 
With  the  complete  withdrawal  of  food  and  water  there  is  rapid  combustion 
of  the  fats  of  the  body,  associated  with  the  destruction  of  the  proteids  and 
the  rapid  loss  of  water.  The  tissues  whose  functions  can  best  be  spared 
suffer  most;  in  prolonged  starvation  Voit  found  that  the  weight  of  the 
brain  and  spinal  cord  diminished  three  per  cent,  while  the  fatty  tissues  of 
the  body  lost  ninety-six  per  cent.  This  fact  is  supported  by  the  early 
utilization  of  the  fat,  by  the  progressive  wasting  of  the  skeletal  muscles, 
and  by  the  fact  that  the  heart,  kidneys,  and  nervous  system  are  the  last 
to  suffer  and  are  the  least  altered.  Parenchymatous  changes  are  ob- 
servable in  nearly  all  the  organs,  and  toward  the  last  these  changes  may 
become  marked  in  organs  the  function  of  which  is  absolutely  necessary 
for  the  maintenance  of  life.  In  addition  to  the  absence  of  food  and  the 
fact  that  the  body  must,  in  a certain  way,  consume  its  own  tissue  to 
maintain  heat  and  to  supply  the  force  requisite  for  such  processes  as 
respiration  and  circulation,  there  is  also  an  accumulation  within  the 
body  of  poisons  that  tend  to  induce  disintegration  of  the  tissue  elements. 

Ordinarily,  the  occurrence  of  starvation  is  dependent  upon  the  in- 
ability of  the  organism  to  obtain  food;  but  occasional  instances  occur 
in  which  as  a result  of  degenerative  lesions  of  the  mucosa  of  the  alimen- 
tary canal,  and  from  other  causes,  the  power  of  the  organism  to  digest 
or  to  assimilate  available  pabulum  is  lost,  and  death  from  starvation 
occurs  although  abundant  food  is  supplied.  Before  the  advent  of  modem 
surgery  starvation  occasionally  resulted  from  cancer,  stricture,  and  other 
conditions  inducing  occlusion  of  the  esophagus.  As  before  indicated, 
starvation  may  depend  upon  lesions  of  the  secondary  as  well  as  of  the 
primary  assimilative  forces.  Thus,  in  certain  blood  dyscrasias  the  error 
of  assimilation  seems  to  be  not  in  the  digestive  organs,  properly  so  called, 
but  in  the  power  of  the  tissues  to  utilize  material  supplied. 

Food  supplied  to  the  body  or  to  an  organ  is  utilized  for  replacing 
waste,  for  maintaining  growth,  when  this  is  necessary,  and  for  the  con- 
tinuance of  other  functions.  If  an  organ  be  called  upon  to  accomplish 
more  work  than  is  possible  with  the  food  available,  it  is  overworked, 
and  the  results  of  this  overwork  become  at  once  manifest.  These  are 
not  unlike  the  alterations  dependent  upon  scanty  or  inadequate  food; 
in  fact,  the  two  conditions  are  essentially  similar.  An  organ  doing  little 
or  no  work  utilizes  but  little  pabulum;  on  the  other  hand,  a greatly  over- 
worked organ  may  demand  more  nutrition  than  may  be  available,  or 
the  very  fact  that  it  is  manifesting  excessive  functional  activity  ma}^ 
lessen  its  power  to  assimilate  the  nourishment  supplied.  In  addition 
to  the  foregoing,  nourishment  of  an  organ  depends  not  only  upon  its 
reception  of  the  required  amount  of  food,  but  also  upon  its  ability  to 
throw  off  the  products  of  its  own  activity.  An  organ  greatly  over- 
worked may  be  so  situated  as  to  permit  accumulation  in  its  interior 
of  one  or  more  poisons  the  presence  of  which  exerts  a deleterious  influence 
upon  the  cellular  elements  of  its  own  tissue.  As  an  example  of  this  form 
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of  exhaustion,  which  is,  in  part  at  least,  a form  of  starvation,  may  be 
mentioned,  the  important  structural  lesions  noted  by  Hodges  in  the 
ganglion  cells  of  pigeons.  It  has  been  said  that  tissues  are  not  nourished, 
they  nourish  themselves;  for  the  proper  execution  of  this  function  food 
must  be  supplied,  the  cell  must  be  able  to  utilize  the  pabulum,  and  re- 
moval of  effete  material  must  be  adequate;  failure  in  the  fulfilment  of 
any  of  these  requirements  leads  to  structural  lesions,  and  thereby  to 
disease. 

The  thermal  causes  of  disease  may  be  grouped  under  several  headings: 
(i)  The  local  influences  of  very  high  and  of  very  low  temperatures  as 
applied  directly  to  cutaneous  or  mucous  surfaces;  (2)  the  influence  of 
elevated  temperatures  upon  the  heat-coordinating  apparatus  of  the 
individual;  (3)  the  influence  of  cold  on  the  structure  and  function  of 
tissue. 

Burns  and  Scalds.1 — The  character  and  extent  of  the  local  changes 
induced  by  exposing  tissues  to  elevated  temperatures  depend  upon  the 
tissue,  the  length  of  exposure,  and  the  height  of  the  temperature.  The 
more  delicate  tissues  are  susceptible  to  slight  rises  of  temperature,  while 
the  palm  of  the  hand  and  the  sole  of  the  foot  may  be  accustomed  to  with- 
stand temperatures  which  would  be  destructive  to  tissues  richer  in  juices 
and  cellular  elements.  Comparatively  low  temperatures — 50°  C.  to 
55°  C. — may  be  followed  by  vesication  and  necrosis;  in  individuals  whose 
resistance  is  depressed  by  hemorrhage,  exhausting  sickness,  or  similar 
conditions,  even  lower  temperatures  may  be  destructive  to  vitality. 
When  the  temperature  is  comparatively  low — 410  C.  to  520  C. — the 
length  of  time  of  the  exposure  determines,  to  a large  degree,  the  extent 
of  the  injury.  Ordinarily,  the  local  application  of  temperatures  under 
from  50°  C.  to  510  C.  is  not  associated  with  any  marked  structural  change. 
When,  however,  temperatures  rise  above  this  point,  cell  destruction  is  soon 
induced,  associated  with  the  formation  of  exudates  of  various  kinds  and 
with  inflammatory  processes  of  varying  degrees  of  intensity. 

With  regard  to  the  local  application  of  cold,  the  changes  brought 
about,  when  the  reduction  of  temperature  is  sufficient,  very  closely 
resemble  those  produced  by  high  temperatures.  The  application  of 
liquefied  air  causes  such  extensive  necrosis  that  it  has  been  proposed 
to  utilize  the  agent  as  an  escharotic,  exactly  as  caustics  may  be  applied 
for  the  destruction  of  morbid  growths.  Rischpler2  finds  that  all  soft 
tissues,  with  possible  exception  of  the  elastica,  are  influenced  by  freezing; 
vacuolization  and  granular  changes  are  most  conspicuous;  the  cells 
shrink  and  the  nuclei  manifest  distortion  with  marked  alterations  in 
chromatin  reaction.  If  the  temperature  has  been  low  or  th£  exposure 
prolonged,  cell  death  results. 

Attempts  have  been  made  to  classify  burns  according  to  their  in- 
tensity or  the  extent  of  destruction;  such  classifications  must,  of  neces- 
sity, be  arbitrary,  as  all  degrees  and  stages  must  merge  into  one  another, 
there  being  no  sharp  lines  of  demarcation.  Thus,  it  is  said  that  burns  of  the 
first  degree  are  associated  with  slight  hyperemia  and  followed  by  a more 
or  less  superficial  desquamation.  Burns  of  the  second  degree  give  rise  to 
the  formation  of  blebs,  with  liquefaction  necrosis  and  exfoliation  of  a 

‘Bardeen,  Jour,  of  Exp.  Med.,  1897,  vol.  ii,  p.  501;  McCrae,  Deut.  Zeit.  f.  Chir., 
1903,  vol.  lx,  p.  469;  Pfeiffer,  Virchow’s  Arch.,  Bd.  180,  1906;  Locke,  Boston  Med. 
and  Surg.  Jour.,  Oct.  30,  1902. 

2Ziegler’s  Beitrage,  1900,  vol.  xxviii. 
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certain  amount  of  destroyed  tissue,  but  not  involving  all  the  layers  of  the 
skin.  Burns  of  the  third  degree  involve  the  entire  skin,  and  terminate  in 
the  formation  of  eschars  composed  largely  of  that  structure.  Burns  of  the 
fourth  degree  imply  a still  more  extensive  destruction  of  the  tissues, 
amounting  practically  to  carbonization. 

These  classifications  are  largely  concerned  with  the  local  influences  of 
the  heat,  and  do  not  take  into  consideration  the  systemic  phenomena. 
The  latter  are  dependent  more  upon  the  amount  of  surface  involved  than 
upon  the  degree  of  the  burn.  When  over  one-third  of  the  cutaneous 
surface  is  seriously  impaired  by  the  burn,  the  injury  is  likely  to  prove 
fatal.  A number  of  theories  have  been  advanced  to  explain  this  well- 
known  fact.  When  death  follows  immediately  upon  the  inception  of 
injury,  probably  the  only  factor  with  which  we  have  to  deal  is  shock. 
When,  however,  death  occurs  some  time  later — preceded  by  focal  hemor- 
rhages and  necroses  in  one  or  more  organs,  particularly  in  the  alimentary 
canal  and  liver,  and  by  hematuria,  hemoglobinuria,  and  other  evidences  of 
violent  intoxication  it  must  be  evident  that  we  are  dealing  with  something 
more  than  shock.  Among  the  explanations  which  have  been  offered  the 
following  may  be  mentioned : 

(i)  Suppression  of  the  cutaneous  functions  of  the  area  involved; 
(2)  perturbed  or  altered  nervous  system,  the  perturbation  or  alteration 
depending  upon  reflex  phenomena;  (3)  the  formation  of  toxic  substances 
in  the  blood;  (4)  the  destruction  of  blood  elements;  (5)  the  absorption  of 
poisons  from  the  injured  area.  As  experimental  evidence  can  be  adduced 
to  show  that  poisons  are  present  in  the  blood  under  such  circumstances,  it 
may  be  reasonable  to  presume  that  they  are  influential  in  bringing  about 
the  fatal  terminations.  Exactly  what  is  their  origin  or  character  must 
remain  for  the  present  an  open  question.  Bardeen  has  shown  that  degen- 
eration and  areas  of  necrosis  involve  the  renal  and  hepatic  parenchyma 
and  that  the  lymphatic  tissues  throughout  the  body  become  edematous 
and  at  points  necrotic.  The  lesions  observed  are  strikingly  similar  to 
those  produced  by  the  poisons  of  such  infectious  diseases  as  diphtheria; 
he  concludes,  therefore,  that  death  is  the  direct  result  of  the  toxemia. 
McCrae  regards  the  changes  in  the  lymph-nodes  as  proliferative,  but  of 
toxic  origin.  Locke  has  shown  that  in  severe  burns  the  red  cells  increase 
from  1,000,000  to  2,000,000  per  cmm.,  and  in  fatal  cases  from  2,000,000  to 
4,000,000.  Leukocytosis  from  40,000  to  50,000  promptly  occurs.  The 
blood  is  dark  and  flows  sluggishly.  As  stated  by  Wilms,  the  conspicuous 
excess  in  erythrocytes  is  clearly  due  to  concentration  resulting  from  the 
loss  of  serum. 

As  a result  of  exposure  to  considerable  elevation  in  the  temperature  of 
the  surrounding  medium,  the  heat-coordinating  power  of  the  body  may 
be  altered  in  a characteristic  manner,  giving  rise  to  the  well-recognized 
condition  known  as  sunstroke — a morbid  process  dealt  with  elsewhere. 

The  local  application  of  cold  induces  changes  closely  resembling  those 
produced  by  heat.  An  extremely  low  temperature  in  the  surrounding 
medium,  aside  from  the  local  changes,  brings  about  a more  or  less  gradual 
reduction  in  the  activity  of  the  body  functions,  and  eventually  causes 
death.  Exposure  to  very  low  temperatures  is  slowly  followed  by  reduc- 
tion of  the  temperature  of  the  body.  When  this  reduction  exceeds  about 
I3°  C.,  death  usually  results.  When  the  temperature  of  the  body  is 
reduced  to  26°  C.,  or  possibly  a degree  or  so  lower,  recovery  is  possible; 
after  apparent  recovery  the  temperature  may  rise  above  the  normal,  and 
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death,  preceded  by  more  or  less  fever  and  emaciation,  sometimes  occurs 
even  at  this  late  period.  Fischl  has  shown  that  if  the  temperature  of 
rabbits  be  artificially  reduced  by  exposing  them  to  cold,  the  susceptibility 
of  the  animal  to  infections,  and  particularly  the  pneumococcus,  is  notably 
increased. 

Light,  usually  regarded  as  essential  to  health,  may,  if  intense,  induce 
disease.  The  commonest  manifestation  is  sun-burn  with  its  striking 
dermatitis  which  in  severe  cases  may  exend  to  vesication  or  even  more 
intense  lesions.  Sun-blindness  and  snowblindness  result  from  the  dele- 
terious action  of  light  upon  the  cells  of  the  retina,  which,  if  sufficiently 
intense  or  prolonged,  may  induce  irreparable  retinitis. 

The  x-ray  induces  well-marked  lesions  in  tissues  exposed  to  its  action; 
the  resulting  affection  may  be  acute  or  chronic.  The  former  may  be  a 
simple  dermatitis  or  associated  with  actual  necrosis  of  tissue.  Codman 
found  that  of  167  cases,  53  were  forms  of  dermatitis,  14  burns  of  the  first 
degree,  29  of  the  second  degree,  and  71  of  the  third.  Some  individuals 
manifest  a marked  susceptibility  to  the  ray.  The  prolonged  or  repeated 
action  of  the  ray  produces  a definite  tissue  necrosis  (bum),  the  affected  cells 
dying,  fragmenting,  and  desquamating,  or,  when  deeply  seated,  possibly 
undergoing  absorption.  It  is  commonly  alleged  that  most  of  the  influence 
induced  by  the  x-ray  is  trophic  in  nature,  but,  while  admitting  a possible 
or  frequent  trophic  action,  the  fact  that  excised  tissues  may  be  changed  by 
the  ray  and  that  neoplastic  structures  (particularly  superficial  cancer)  and 
tuberculous  tissues,  but  little  subject  to  trophic  influences,  are  profoundly 
susceptible  to  its  action,  all  speak  for  its  necrosing  qualities.  Some  of  the 
local  effects  produced  by  the  ray  may  be  due  to  endovascular  changes — 
proliferation  of  endothelium  and  consequent  narrowing  of  the  vessel 
lumen — lessening  the  nutrition  of  the  involved  tissues.  The  dangers  of 
repeated  exposure  to  the  x-ray,  such  as  occurs  in  Roentgenologists,  and  the 
termination  of  persistent  x-ray  ulcerations  in  cancer,  are  now  so  fully  re- 
cognized that  x-ray  carcinoma1  has  become  a well-known  and  all  too 
frequent  condition.  Aside  from  the  local  reactions  of  rr-rays  it  has  been 
established  that  they  exert  a decided  influence  upon  metabolism. 

Guyot2  has  studied  the  well-known  stimulating  and  destructive  powers 
of  radium.  In  milder  and  not  too  long  continued  applications  it  is  a 
stimulant  to  cells  and  apparently  increases  local  nutritive  changes. 
Prolonged  application  of  the  rays  causes  tissue  death,  the  resulting  “burns” 
healing  slowly.  The  utility  of  radium  in  the  treatment  of  tumors  depends 
upon  its  destructive  action  on  neoplastic  tissue.  Neuberg  has  shown  that 
radium  accelerates  autolysis. 

Trauma  as  a cause  of  disease  can  be  little  more  than  mentioned  at  this 
point.  (See  article  on  Inflammation  and  Repair.)  Its  relation  to  mor- 
bid processes  will  become  more  evident  as  we  proceed.  As  a result  of 
trauma,  more  or  less  destruction  of  tissue  occurs,  associated  with  lacera- 
tion and  fragmentation  of  adjacent  or  more  resistant  cells,  which,  though 
not  actually  destroyed  by  the  injury,  are  no  longer  capable  of  resuming 
active  functions,  and  eventually  die  and  disintegrate.  During  the  absorp- 
tion and  removal  of  the  dead  tissue  certain  poisons  are  formed  the  activity 
of  which,  in  the  production  of  both  local  and  systemic  symptoms  and 
lesions,  cannot  be  overlooked.  Aside  from  these  direct  results  of  wounds, 

1 White,  Annals  of  Surgery,  Nov.,  1907;  Wolbach,  Jour,  of  Med.  Research, 
vol.  xxi,  No.  3,  1909. 

2Centralbl.  f.  Allgem.  Path.,  Bd.  20,  No.  6,  pp.  243-263,  1909. 
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whether  the  latter  be  large  or  small,  the  possible  introduction  of  irritants, 
which  may  further  injure  the  tissue,  must  not  be  overlooked.  The  irritants 
introduced  by  wounds  may  be  microscopic,  and  of  themselves  of  but  little 
importance:  for  example,  the  pigment  introduced  in  tattooing.  As  a 
result  of  the  acicular  character  of  certain  introduced  bodies,  such  as  scales 
of  steel,  more  extensive  cellular  alteration  may  be  brought  about.  Again, 
these  bodies  may  be  poisons,  giving  rise  to  extensive  degeneration,  necro- 
sis, and  inflammation,  such  as  is  seen  in  and  around  the  matrices  of  the 
nails,  or  in  the  skin  as  a result  of  injury  and  the  introduction  of  the  cyanid 
salts  used  in  photography.  Aside  from  the  direct  destructive  influence  of 
injuries  and  the  incidental  introduction  of  inorganic  substances,  irritant 
and  otherwise,  the  introduction  of  infective  bodies — bacteria  of  all  kinds — 
may  be  mentioned  at  this  point,  although  they  will  be  more  specifically 
considered  in  connection  with  bacteria,  and  again  in  the  chapter  on  Inflam- 
mation and  Repair.  The  possible  relation  of  trauma  to  tumor  formation 
will  be  considered  elsewhere.  (See  Tumors.) 

Alterations  in  Atmospheric  Pressure.1 — A sudden  fall  of  atmospheric 
pressure,  such  as  is  observed  in  balloon  ascensions  and  in  mountain  climb- 
ing, may  give  rise  to  palpitation  of  the  heart,  respiratory  embarrassment, 
mucous  and  submucous  hemorrhage,  unconsciousness,  and  even  death. 
More  or  less  prolonged  residence  in  a rarefied  atmosphere  may  cause  an 
increase  in  the  number  of  red  blood-cells  in  the  peripheral  circulation  and 
notably  augment  the  amount  of  hemoglobin.  Many  of  the  symptoms 
have  been  attributed  to  lack  of  oxygen  or  to  the  inability  of  the  blood  to 
absorb  oxygen  in  its  more  rarefied  form,  and  also  to  the  influence  of  rapid 
evaporation  of  water  that  takes  place  under  lessened  atmospheric  pressure. 

Laborers  in  caissons  and  divers  suffer,  on  their  return  to  the  normal 
atmospheric  pressure,  from  a series  of  phenomena  to  which  has  been 
given  the  name  caisson  disease.2  The  incidence  of  the  disease,  rapidity 
with  which  it  occurs,  and  the  severity  depend  upon  the  condition  of  the 
individual,  the  ventilation  of  the  enclosed  chamber,  and  the  amount 
and  duration  of  the  compression.  Under  an  increased  pressure  amounting 
to  ten  kilos,  men  usually  can  work  eight  to  ten  hours;  fifteen  kilos  cannot, 
with  safety,  be  withstood  over  three  hours;  when  the  pressure  reaches 
twenty  kilos  thirty  minutes  is  all  that  can  be  borne  with  safety.  The  great 
danger  is  rapid  decompression;  if  the  locking-out  be  sufficiently  slow,  no 
symptoms  appear.  It  has  been  demonstrated  that  the  symptoms  and 
lesions  are  due  to  the  presence  of  gaseous  emboli  in  the  capillaries  which 
may  rupture  and  permit  the  escape  of  gas  and  blood  into  the  surrounding 
tissues.  The  symptoms  come  on  shortly  after  decompression,  but  may  be 
delayed  a number  of  hours.  In  fatal  cases  there  is  marked  congestion  of 
the  central  nervous  system  and.  thoracic  viscera;  free  gas  may  be  found 
in  the  vessels  or  cavities  of  the  heart;  tissue  emphysema  is  sometimes 
observed.  Hemorrhages  in  the  meninges  and  in  the  spinal  cord  and 
clear  vacuolated  areas  are  also  found;  secondary  softening  and  degenera- 
tive changes  may  follow  severe  lesions  in  patients  who  recover  from  the 
primary  manifestations. 

Electric  discharges  as  causes  of  disease  and  death  have  assumed  con- 
siderable importance  since  the  wide-spread  introduction  of  electricity. 
The  burns  produced  by  electricity  manifest  nothing  peculiar  or  character- 

'For  discussion  of  influence  of  atmospheric  pressure,  see  Leonard  Hill  Recent 
Advances  in  Physiology  and  Biochemistry,  1906. 

2 Brooks,  Long  Island  Med.  Jour.,  April  and  May,  1907. 
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istic,  with  the  possible  exception  of  vagaries  in  distribution.  As  a rule, 
the  phenomena  induced  by  electric  discharges  are  most  marked  in  inten- 
sity at  the  time  of  their  occurrence,  and  rapidly  disappear;  only  in  rare 
instances  do  they  persist.  The  effects  of  electric  shock  are,  of  course, 
dependent  upon  the  intensity  and  duration.  After  lightning- stroke  the 
clothing  is  frequently  found  torn,  and  sometimes  distributed  in  fragments 
some  distance  from  the  body.  The  foot  covering,  probably  by  reason  of 
its  immediate  contact  with  the  earth,  and  possibly  as  a result  of  changes 
in  its  conductivity  and  of  irregularity  of  moisture  in  its  interstices,  com- 
monly suffers  most. 

Aspinall,1  Jellinek,2  Crile  and  Macleod3  have  especially  studied  injuries 
and  death  due  to  electricity.  Jellinek  refers  to  an  instance  in  which  95 
volts,  under  extremely  advantageous  conditions,  caused  death,  and 
another  in  which  recovery  followed  a 
shock  by  5500  volts.  It  is  generally 
believed  that  alternating  currents  are 
more  dangerous  than  direct,  although 
with  this  view  Aspinall  does  not  agree. 

According  to  this  -observer,  600  volts  re- 
quire abnormally  favorable  conditions  in 
order  to  prove  fatal.  Jellinek  is  of  the 
opinion  that  exposure  to  a current  of  100 
volts  requires  precaution,  200  volts  may 
be  dangerous,  and  500  volts  can  prove 
fatal.  In  one-third  of  the  fatalities 
studied  by  Wedel  the  voltage  was  under 
250.  The  direction  of  the  current  through 
the  body  is  important;  the  left  side  ap- 
pears to  be  more  vulnerable  than  the 
right.  Some  are  much  more  susceptible 
than  others  and  the  same  individual  does 
not  always  show  equal  resistance.  As- 
pinall holds  that  during  sleep  severe 
shocks  are  well  borne;  idiots  are  quite 
tolerant  to  high  voltages.  A post-mor- 
tem rise  of  temperature  has  been  des-  Fig-  8—  Marks  Produced  by  Lightning. 
cribed  by  Spitzka;  this  may  attain  50°  C. 

t0  55°  C. ; lesions  may  be  difficult  to  recognize,  and  occasionally  are 
microscopic  only.  The  brain  and  membranes  usually  show  hyperemia 
and  hemorrhages  which  may  be  macroscopic  or  microscopic  * and  are 
commonly  most  marked  in  the  gray  matter.  The  cerebrospinal  fluid  is 
increased  and  there  is  congestion  of  the  internal  organs,  especially  the 
lung,  liver,  and  kidney.  Jellinek  has  described  definite  changes  in  the 
ganglion  cells  of  the  brain  and  cord,  manifested  by  chromatolysis,  tigrol- 
ysis,  displacement  of  the  nuclei,  abnormal  cell  contour,  and  swelling 
of  the  axis-cylinders.  These  lesions  account  for  the  paralysis  and  ner- 
vous phenomena  that  sometimes  follow  lightning  stroke  and  other 
electric  injuries.  Spitzka4  described  curious  vacuolated  areas  surrounded 


1 Lancet,  March  8,  1902. 

2 Electropathologie,  Stuttgart,  1903. 

3 Amer.  Joum.  of  the  Med.  Sciences,  March,  190=5,  p.  417. 

4 Proceed.  Amer.  Philosophical  Soc.,  vol.  xlvii,  1908. 
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by  a zone  of  condensation  fading  into  the  contiguous  unaltered  tissues  of 
the  central  nervous  system. 

Among  the  most  important  causes  of  morbid  processes  are  substances 
ordinarily  designated  poisons.  The  old  idea  of  a poison  was  something 
introduced  from  without,  entering  the  body  by  way  of  the  alimentary 
canal,  respiratory  organs,  skin,  or  genito-urinary  system.  With  pre- 
formed poisons  of  the  foregoing  type  the  toxicologists  and  students  of 
legal  medicine  particularly  have  to  deal.  An  extended  knowledge  of 
physiologic  and  pathologic  chemistry,  and  a more  intimate  acquaintance 
with  morbid  processes,  have  led  to  the  recognition  of  an  entirely  different 
group  of  poisons  having  their  origin  within  the  body,  some  of  them  the 
product  of  tissue  cells.  The  resulting  enormous  extension  of  the  field 
covered  by  the  term  poison  has  led  to  great  confusion  and  more  or  less 
ineffectual  attempts  at  satisfactory  classification;  much  that  was  old 
had  to  be  set  aside  or  readapted  to  new  conditions,  and  the  greatest 
difficulty  was  encountered  in  properly  bringing  together  and  classify- 
ing the  newly  acquired  data.  With  the  pre-formed  poisons,  entering 
from  without,  but  little  difficulty  arose.  These  were  called  exogenous 
or  extrinsic,  and  were  further  subdivided  according  to  their  origin,  por- 
tal of  entry,  or  the  character  of  the  lesions  that  they  produced. 

From  their  source  they  may  be  recognized  as  of  animal , vegetable,  or 
mineral  origin;  with  the  first  of  these — zootoxins — would  be  grouped 
the  venom  of  serpents,  the  poisons  of  bees,  biting  insects,  cantharidin, 
etc.  Belonging  to  the  second  group  are  opium,  strychnin,  atropin,  and 
other  well-known  remedies  derived  from  the  vegetable  kingdom,  and 
definite  toxins — phytotoxins — such  as  ricin,  abrin,  crotin,  robin,  and  a 
number  of  allied  but  less  known  substances.  The  poisons  of  mineral 
origin  include  arsenic,  copper,  phosphorus,  mercury,  lead,  zinc,  etc. 

Most  of  the  poisons  belonging  to  these  groups  enter  by  the  alimentary 
canal,  a few  may  be  introduced  by  cutaneous  absorption  or  injection; 
some  enter  with  the  inspired  air.  Entrance  by  way  of  the  genito-urinary 
system  is  rare. 

According  to  their  mode  of  action  it  is  possible  to  recognize  corrosive 
poisons,  which,  in  contact  with  the  tissues,  at  once  manifest  a destructive 
tendency.  Irritant  poisons  cause  inflammation  without  actually  de- 
stroying the  tissues  which  they  irritate.  Other  toxic  agents — called 
by  the  toxicologists  neurotic  poisons — usually  give  rise  to  no  structural 
alteration  at  the  point  of  absorption,  but  on  entering  the  economy  mani- 
fest their  influence  through  the  brain  (cerebral  poisons)  or  spinal  cord 
(spinal  poisons),  or  both  (cerebrospinal  poisons);  they  may  or  may  not 
affect  the  organs  of  circulation  (cardiac  or  cardiovascular  poisons). 
That  this  classification,  commonly  accepted  by  toxicologists,  has  its 
limitations  is  shown  by  the  fact  that  arsenic  acts  on  the  mucosa  of  the 
alimentary  canal  as  an  intense  irritant  and  after  absorption  may  attack 
the  nerves  (arsenical  neuritis). 

Poisoning  may  be  acute  or  chronic,  and  the  same  agent  may  be  the 
cause  of  either  form.  In  large  doses  arsenic  produces  an  acute  poison- 
ing; small,  frequently  repeated  doses  cause  chronic  arsenical  poisoning. 
Similar  types  of  poisoning  are  produced  by  mercury,  lead,  phosphorus, 
copper,  etc.1 

Some  poisons  entering  the  system  give  rise  to  a succession  of  phe- 

1 Brouardel,  Les  Intoxications  (arsenic,  phosphore,  cuivre  et  mercure,  plomb ) 
Paris,  1904. 
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nomena  to  which  the  term  intoxication  has  been  applied.  Recogniz- 
ing that  within  the  alimentary  canal  poisons  are  produced  the  absorp- 
tion of  which  causes  marked  symptoms,  Bouchard  promulgated  the 
term  autointoxication.  That  poisons  can  be  formed  in  the  alimentary 
canal  and  that  they  may  be  absorbed  and  exert  deleterious  influences 
on  the  tissues  has  been  fully  established.  Extended  knowledge  seems 
to  indicate  a number  of  sources  from  which  such  poisons  can  arise.  They 
might  be  derived  from  (1)  imperfectly  digested  food,  (2)  result  from  the 
reabsorption  of  secretions  normally  present  in  the  intestine  or  be  pro- 
duced by  the  action  of  the  intestinal  flora  on  (3)  food  or  (4)  secretion, 
or  (5)  on  both.  A further  study  of  certain  forms  of  disease  showed  that 
definite  processes  might  arise  from  accumulation  in  the  system  of  mater- 
ials that  should  be  excreted.  Of  this  there  is  no  better  example  than 
the  promptness  with  which  symptoms  follow  arrest  of  renal  excretion. 

When  physiologic  inquiry,  by  modern  methods,  was  directed  to  the 
ductless  glands,  and  particularly  when  certain  diseases  of  these  struc- 
tures were  closely  investigated,  it  was  found  that  excessive  glandular 
activity  might  throw  into  the  circulation  a quantity  of  secretion  with 
which  the  body  was  unable  to  cope,  giving  rise  to  manifestations  due  to 
poisons  clearly  of  endogenous  origin  and  therefore  belonging  to  the  auto- 
intoxications. Such  toxic  bodies,  produced  by  cells,  belong  to  the  group 
of  substances  that  Prudden  has  designated  histogenic  poisons. 

Further,  it  is  evidently  the  function  of  some  organs  to  destroy,  or 
render  inert,  certain  poisons  produced  by  the  tissues  and  normally  cir- 
culating in  the  blood  or  neutralized  at  their  sources.  Such  action  may 
be  accomplished  by  the  direct  influence  of  gland  cells  upon  substances 
brought  to  them  or  by  a secretion  manufactured  by  the  gland  and  poured 
into  the  circulation;  by  the  first  method  the  result  is  attained  in  the 
blood;  by  the  second  it  may  be  accomplished  in  the  circulation,  or  the 
blood  carrying  the  antidote  may  act  upon  the  poison  at  the  place  where 
the  latter  is  normally  produced.  It  is  evident  that  if  the  gland  in  ques- 
tion fails  to  perform  its  function  those  substances  which,  in  one  of'  the 
ways  suggested,  it  would  normally  render  harmless,  may  accumulate  in 
the  organism  in  sufficient  quantity  to  manifest  toxic  properties.1  Here, 
then,  was  another  group  of  poisons  arising  within  the  organism  itself  and 
causing  phenomena  that  could  with  propriety  be  included  among  the 
autointoxications.  If  the  term  had  not  already  lost  its  specific  value, 
its  use  under  the  new  conditions  led  to  confusion  rather  than  clearness. 

In  addition  to  the  difficulties  already  indicated  there  were  still  several 
groups  of  poisons  not  included  in  existing  classifications.  When  any 
tissue  within  the  body  dies,  the  changes  which  it  undergoes  during  the 
process  of  removal  are  associated  with  the  production  of  toxic  agents; 
these  substances  Adami  calls  disintegrative  endogenous  poisons.  If 
hemorrhage  occurs  in  the  tissues,  disintegration  of  the  blood  liberates 
bodies  which,  entering  the  circulation,  may  exert  a toxic  action.  There 
is  reason  to  believe  that  the  death  of  any  cell  liberates  noxious  materials 
for  which,  in  normal  quantities,  adequate  provision  is  made.  When, 
however,  tissue  death  exceeds  certain  limits,  the  mechanism  which, 
during  health,  converts,  renders  inert,  or  excretes  the  resulting  catabolic 
product  is  overwhelmed  and  the  accumulated  poison  manifests  its  pres- 
ence by  phenomena  possessing,  in  some  instances,  fairly  constant  char- 
gee Addison’s  Disease,  chapter  on  Diseases  of  the  Adrenal,  also  Myxedema, 
Cretinism,  etc.,  in  chapter  on  Diseases  of  the  Thyroid. 
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acters.  It  is  the  absorption  of  such  dead  material  that  accounts  for 
the  aseptic  fever  following  injuries  (fracture  of  bone)  with  which  bac- 
terial influences  apparently  have  nothing  to  do.  Attention  has  already 
(p.  26)  been  called  to  the  evidence  of  poison  production,  absorption,  and 
definite  action  on  the  viscera  when  the  surface  of  the  body  has  been 
injured  by  heat.  The  exact  nature  of  all  such  toxic  substances  is  ob- 
scure; we  see  the  results  of  their  action  without  possessing  any  accurate 
knowledge  as  to  their  composition,  mode  of  influence,  or  ultimate  fate. 

There  are  still  two  groups  of  poisons  produced  in  the  body  and  dif- 
fering in  their  mode  of  production  from  any  of  the  foregoing;  these  are 
the  parasitic  poisons,  which  may  further  be  subdivided  into  those  due  to 
or  arising  from  (a)  animal,  ( b ) vegetable  parasites  present  in  the  host. 
The  parasitic  poisons  will  be  more  specifically  considered  with  diseases 
caused  by  bacteria  and  animal  parasites. 

The  foregoing  attempt  to  show  how  complex  has  become  the  problem 
of  the  proper  classification  of  poisons  indicates,  in  part  at  least,  the 
difficulty  in  formulating  a systematic  presentation  of  the  subject.  Of 
the  various  classifications  that  have  been  offered,  the  writer  is  unfamiliar 
with  any  that  is  superior  to  that  suggested  by  Adami.1  It  covers  the 
essential  groups  to  which  reference  has  already  been  made  and  I take 
the  liberty  of  quoting  it  in  full: 

(1)  EXOGENOUS. 

Due  to  the  actions  of  poisons  entering  the  system  from  without. 

i.  Exotic  or  introduced;  due  to  the  action  of  substances  foreign  to  the 
organism,  which  gain  entrance  through  the  skin,  the  digestive,  the 
respiratory,  or  the  genito-urinary  tract. 

ii.  Indigenous  or  excretory. 

(a)  Indirect  autointoxication,  due  to  the  absorption  of  retained 
excreta. 

C b ) Disintegrative,  due  to  the  absorption  of  decomposition  and  fer- 
mentation products  developed  in  the  external  secretions  through 
the  action  of  those  secretions. 

(2)  ENDOGENOUS. 

i.  Direct  autointoxication. 

(а)  Internal  secretory,  due  to  the  action  of  excessive  or  unneutralized 
or  modified  discharges  from  the  cells  of  one  or  other  tissue  acting 
directly  upon  the  other  tissues  of  the  body  without  previous 
discharge  from  the  system. 

(б)  Disintegrative,  due  to  the  action  of  the  products  of  decomposition 
and  necrosis  of  one  or  other  tissues  acting  in  a similar  manner. 

ii.  Parasitic. 

(a)  Microparasitic,  the  infections. 

(■ b ) Macro  parasitic,  poisons  from  animal  parasites. 

It  has  been  shown  with  regard  to  many  poisons  that  the  action  is 
essentially  chemical,  and  this  is  probably  true  of  all.  By  disturbing 
the  normal  chemistry  the  function  is  necessarily  perverted  or  arrested 
and  the  structure  sooner  or  later  yields  to  the  abnormal  influence.  The 
recognition  that  the  action  of  a given  poison  is  almost  certainly  a chemic 
problem  at  once  offers  an  explanation  for  phenomena  otherwise  most 
obscure.  A poison  exerts  its  influence  by  combining  with  the  first  suit- 

1 American  Medicine,  July  27,  1901,  p.  13 1. 
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able  substance  with  which  it  comes  in  contact.  This  elective  action  of 
poisons  is  shown  by  the  combination  of  silver  salts  with  albumens  and 
by  the  local  action  of  a number  of  poisons  which  destroy  tissue  at  the 
point  of  contact  and  are  themselves  at  the  same  time  rendered  inert. 
Other  poisons  pass  beyond  the  external  barriers  upon  which,  in  some 
instances,  they  exert  no  injurious  influence.  Carbonmonoxid  manifests 
no  irritative  action  on  the  respiratory  passages,  but,  entering  the  blood, 
combines  with  the  hemoglobin  so  intimately  that  the  latter  loses  its 
power  to  carry  on  the  normal  oxygen  and  carbondioxid  exchange.  In 
chronic  arsenical  poisoning  the  metal  shows  a special  affinity  for  keratin, 
and  may  be  demonstrated  in  the  hair,  nails,  and  in  the  nervous  system 
(neuro-keratin).  The  tendency  of  lead  to  attack  the  peripheral  nerves 
(lead  neuritis)  rests  upon  a similar  chemic  basis.  Although  conclu- 
sive evidence  is  lacking,  there  seems  no  reason  to  doubt  that  the  thera- 
peutic action  of  many  drugs  can  be  satisfactorily  accounted  for  in  no 
other  way;  the  influence  of  cerebral  sedatives  and  the  action  of  such 
medicaments  as  strychnin  are  most  easily  explained  by  the  assumption 
that  they  effect  a more  or  less  temporary  combination  with  certain  cells 
of  the  central  nervous  system.  The  modern  view  of  acquired  immunity1 
is  based  on  the  conviction  that  certain  bacterial  toxins  combine  with 
cells,  and  it  has  been  shown  experimentally  that  tetanus  toxin  in  an 
emulsion  of  tissue  from  the  central  nervous  system  is  carried  down  by 
the  sediment,  leaving  the  supernatant  fluid  relatively  non-toxic;  in  other 
tissues  or  cell  suspensions  the  toxin  is  not  similarly  anchored.  Toxi- 
cologists are  familiar  with  the  fact  that  after  various  forms  of  poisoning 
the  toxic  agent,  postmortem,  can  be  found  in  largest  quantities  in  certain 
organs,  particularly  the  liver,  brain,  spleen,  and  kidneys.  That  any 
poison  is  more  abundant  in  a given  tissue  than  in  the  blood  clearly  estab- 
lishes that  some  local  influence  extracts  it  from  the  circulating  fluid  and 
anchors  it  in  the  new  position.  There  is  nothing  so  very  extraordinary 
in  this  fact  if  it  be  recalled  that  in  the  organization  of  normal  bone  the 
developing  tissue  must  possess  a higher  affinity  for  lime  salts  than  the 
other  tissues  or  the  blood,  which  clearly  must  present  to  all  structures  the 
same  general  proffer;  each  elects  the  substance  suited  to  its  particular 
needs.  I do  not  recall  who  was  responsible  for  the  crystallized  truth 
that  cells  are  not  nourished,  they  nourish  themselves;  it  is  equally  true 
that  they  are  not  poisoned,  they  poison  themselves. 

The  elective  affinity  of  carbonmonoxid  for  hemoglobin,  while  arrest- 
ing the  function,  does  not  seem  fraught  with  any  immediate  danger  to 
the  cell.  Other  substances,  however,  combine  with  and  promptly  de- 
stroy the  erythrocyte.  The  process  is  properly  termed  erythrocytolysis, 
but  brevity  and  convenience  have  led  to  the  adoption  of  the  word  hemol- 
ysis. The  substance  producing  the  cell  change  is  called  an  erythro- 
cytolysin  or  hemolysin.  Potassium  chlorate,  arseniuretted  hydrogen, 
toluylenediamin,  are  hemolytic.  The  introduction  into  the  circulation 
of  blood  derived  from  an  animal  of  another  species  is  promptly  followed 
by  hemolysis,  the  introduced  blood  rapidly  disappearing  and  "the  blood 
of  the  animal  experimented  upon  also  suffering  proportionately  to  the 
quantity  of  alien  blood  introduced.  That  certain  bacteria  produce  hemo- 
lysins is  well  known.  Among  the  organisms  producing  hemolysins  are 
streptococci,  certain  of  the  staphylococci,  Bacillus  pvocyaneus,  Bacillus 

1 See  Theories  of  Immunity,  during  the  discussion  of  which  this  subject  is  again 
reviewed  from  a somewhat  different  aspect. 
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diphtheriae,  Bacillus  tetani,  and  Bacillus  typhosus.  Certain  animal  para- 
sites are  the  source  of  hemolytic  bodies.  Red  cell  destruction  is  present 
in  a varying  degree  in  practically  all  forms  of  malaria,  and  constitutes 
one  of  the  most  conspicuous  features  of  that  type  called  “blackwater” 
fever;  in  this  form  the  destruction  of  red  cells  may  be  so  marked  that  the 
plasma  of  the  blood  is  tinged  and  the  blood  coloring-matter  poured  out 
from  the  kidney  in  such  quantities  that  the  urine  is  highly  colored,  by 
reason  of  which  fact  the  condition  has  received  the  name  hemoglobinuric 
malaria,  or  malaria  haematuria.  In  cattle  the  intracellular  parasite 
(Piroplasma  bigeminum)  causing  Texas  fever  is  actively  hemolytic.  At 
present  it  seems  highly  probable  that  the  anemias  caused  by  the  Diboth- 
riocephalus  latus  and  uncinaria  result  from  the  action  of  hemolytic 
poisons  secreted  by  the  parasites.  The  poisons  of  snakes  contain  hemo- 
lytic* substances. 1 Flexner  and  Noguchi  have  also  shown  that  venoms 
contain  a number  of  cytolysins,  and  that,  aside  from  the  hemolytic  poisons, 
there  are  substances  that  attack  the  parenchymatous  cells  of  a number 
of  organs. 

The  foregoing  review  of  a small  number  of  the  many  poisons  known 
to  attack  the  red  blood-cell  indicates,  in  a general  way,  the  character  of 
the  toxic  agents  that  may  attack  the  somatic  cells.  It  has  been  pos- 
sible to  demonstrate,  for  a large  number  of  the  body  cells,  poisons  the 
action  of  which,  if  not  specific,  closely  approaches  that  quality.2  Hepa- 
tolysins  attack  particularly  the  liver  cell,  nephrolysins  the  renal  paren- 
chyma; Flexner  and  Noguchi  conclude  that  the  hemorrhages  seen  in 
rattlesnake  poisoning  are  due  to  the  action  of  a cytolysin  which  they 
call  hemorrhagin,  affecting  particularly  the  endothelium — an  endothe- 
liolysin — of  the  blood-capillaries.  Cobra  venom  contains  a neurolysin. 
The  field  of  cell  intoxication  or  destruction  is  but  superficially  explored, 
and  this  conception  of  the  action  of  poisons,  and  an  extended  information 
concerning  immunity,  promise  limitless  progress  in  our  knowledge  of 
morbid  processes.  Many  so-called  neuroses  and  diseases  now  regarded 
as  “functional”  may  be  traced  to  the  action  of  subtle  poisons  the  origin 
of  which  we  may  hope  to  lay  bare.  Bell3  has  recently  written  a most 
interesting  paper  on  the  relation  of  endogenous  poisons  to  mental  dis- 
turbances. 

The  Body  Defenses.— Provision  is  made  for  protecting  the  body  against 
the  action  of  poisons.  Absorption  may  be  difficult  or  impossible;  this  is 
especially  true  of  the  skin  which,  though  not ' impermeable  to  all,  is  an 
effective  barrier  against  many  deleterious  substances.  The  suscepti- 
bility of  the  mucous  membranes  varies  widely  and  is  largely  determined 
by  the  nature  of  the  epithelial  covering.  The  digestive  juices  are  de- 
structive to  certain  poisons;  the  venoms,  except  in  very  large  doses,  are 
rendered  inert  by  the  gastric  juice;  the  sulphides  formed  in  the  intestine 

McFarland,  Phila.  Med.  Jour.,  Feb.  15,  1002;  Flexner  and  Noguchi,  Univ.  of 
Penna.  Med.  Bull.,  1902,  xiv,  438;  Jour,  of  Exper.  Med.,  1902,  vi,  277;  Univ.  of 
Penna.  Med.  Bull.,  Nov.,  1902.  Symposium  on  Serpent  Venoms,  Proc.  of  the  Pafh. 
Soc.  of  Phila.,  Feb.,  1903;  Lamb  and  Hunter,  Lancet,  1904,  vol.  ii;  Flexner  and 
Noguchi,  Jour,  of  Path,  and  Bact.,  vol.  x,  p.  hi. 

2 The  literature  of  this  subject  is  voluminous  and  widely  distributed;  the  reader 
will  be  able  to  trace  the  most  important  articles  and  glean  essential  facts  from  paper 
by  Pearce,  Journal  of  Med.  Research,  1904,  vol.  xii,  p.  1;  also  consult  Vaughan  and 
Novy,  Cellular  Toxins;  Wells,  Chemical  Pathology. 

3 Jour.  Amer.  Med.  Assoc.,  Feb.  20,  1904,  p.  507. 
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and  protein  combinations  lessen  the  absorbability  of  many  substances, 
particularly  of  metallic  poisons.  The  alimentary  canal  provides  for  a 
moderate  neutralization  of  acids  and  alkalis  and  by  chemical  processes 
lessens  the  toxicity  or  renders  inert  substances  which  if  absorbed  un- 
changed might  prove  highly  dangerous.  After  absorption  the  poison 
may  be  excreted  with  sufficient  rapidity  to  prevent  serious  injury;  in 
this  process  an  excretory  organ — for  example  the  kidney — may  suffer. 
When  the  emunctories  are  inadequate,  provision  is  made  for  rendering 
poisons  inert,  a process  called  distoxication  or  detoxication.  Such  change 
may  be  accomplished  in  a number  of  ways;  it  is  essentially  chemical. 
Certain  metallic  poisons  might  be  fixed  by  combination  and  deposit; 
argyria,  due  to  the  prolonged  absorption  of  silver  and  manifested  by  a 
peculiar  grayish  darkening  of  the  skin,  is  due  to  a deposit  of  the  agent, 
no  doubt  facilitated  by  light.  The  distoxicating  action  of  the  liver  is 
shown  by  the  fact  that  strychnin  injected  into  the  hepatic  blood  supply 
is  less  injurious  than  similar  quantities  given  by  the  systemic  circulation. 
Viola  has  shown  that  the  detoxifying  function  of  the  liver  is  an  important 
protective  against  poisons  circulating  in  the  blood  in  pregnancy,  and  it 
has  been  demonstrated  that  the  cells  or  expressed  juices  of  that  organ 
lessen  the  toxicity  of  diphtheria  toxin.  It  is  not  known  how  many  organs 
possess  detoxifying  powers;  it  is  known,  however,  that  for  certain  endog- 
enous poisons  the  functional  integrity  of  the  thyroid  for  some,  and  of 
the  pancreas  for  others,  is  necessary  for  the  protection  of  the  individual. 
Meat  fed  to  thyroidectomized  carnivora  is  harmful,  and  injury  or  de- 
struction of  the  pancreas  lessens  or  abates  the  power  of  the  organism 
properly  to  metabolize  glucose. 

ILLUSTRATIVE  INTOXICATIONS.1 

Gastro -intestinal  Intoxications. — The  clinical  phenomena  indicating 
abnormal  delay  in  the  progression  of  stomach  and  intestinal  contents 
appear  quite  evident  although  exact  information  as  to  their  real  nature 
is  not  at  hand.  Acute  and  chronic  forms  of  intestinal  obstruction  are 
manifested  by  clearly  defined  symptoms  upon  which  diagnoses  may  be 
confidently  ventured,  but  mere  delay — coprostasis — even  when  accom- 
panied by  symptoms,  is  wanting  in  trustworthy  clinical  and  pathologic 
findings.  The  bacterial  content  of  feces  may  be,  by  weight,  thirty-three 
per  cent. ; in  such  numbers,  acting  on  substances  rich  in  protein,  many 
and  varied  putrefactive  bodies  result,  including  indol,  phenol,  skatol, 
cresol,  acetone,  cholin,  neurin  and  allied  bodies  none  of  which  is  present  in 
quantities  adequate  to  induce  any  important  lesion.  Concerning  the 
influence  of  such  substances  when  absorbed  even  in  small  quantities 
during  a considerable  period,  we  are  inadequately  informed. 

In  acute  intestinal  obstruction  the  shock  and  collapse,  muscular 
relaxation  and  initial  vomiting  are  suggestive  of  intoxication;  the  pain 
may  be  due  to  local  irritation  or  injury,  peritonitis,  or  violent  peristalsis, 
but  the  rapidity  with  which  bacteria  may  traverse  the  intestinal  wall 
speaks  for  circulatory  disturbances  in  that  structure  and  possibly  the 
direct  action  of  poisonous  bodies.  The  urinary  evidences  of  intestinal 

‘The  scope  of  this  work  does  not  permit  an  exhaustive  discussion  of  the  intoxica- 
tions. More  detailed  information  may  be  obtained  from  Wells’  Chemical  Pathology, 
Brouardel,  Les  Intoxications,  etc.;  Vaughan  and  Novy,  Cellular  Toxins,  a'nd 
references  given  in  the  immediately  preceding  and  following  pages. 
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putrefaction  may  be  marked,  and  extracts  of  the  intestinal  contents 
highly  toxic.  The  lessened  urinary  output  may  be  due  to  diminished 
absorption,  especially  when  obstruction  is  in  the  upper  bowel,  but  the 
appearance  of  albumin  in  the  urine,  the  intense  cloudy  swelling  of  the 
renal  epithelium  and  the  occasional  presence  of  necrosis  or  even  exudates 
in  the  cortex  of  the  kidney,  are  in  favor  of  toxic  action.  The  progressive 
cardiac  failure,  the  muscle  weakness,  and  the  terminal  coma,  often  preceded 
by  delirium,  are  also  highly  suggestive. 

Jaundice  or  Icterus1  is  a condition  resulting  from  the  entrance  of  bile 
into  the  blood — Cholemia.  While  it  is  true  that  certain  blood  pigments 
are  chemically  identical  with  bilirubin,  and  that  the  latter  is  abundantly 
liberated  in  the  presence  of  rapid  hemolysis,  still  there  is  not  sufficient 
reason  for  believing  that  this  production  is  ever  sufficient  to  give  rise  to 
jaundice.  Bile  pigment  is  produced  in  the  liver,  enters  the  circulating 
blood,  and  is  the  agent  causing  the  discoloration  of  tissues  so  markedly 
evident  in  jaundice.  There  has  been  much  discussion  concerning  the 
path  by  which  the  bile  pigments  enter  the  circulation;  the  recent  studies 
of  Whipple  and  King  seem  to  show  conclusively  that  absorption  is  by 
the  hepatic  capillaries  and  that  the  lymphatic  system  plays  an  entirely 
subordinate  and  unimportant  part.  The  pearly  white  of  the  conjunctiva 
is  usually  first  to  manifest  the  discoloration;  afterward  all  of  the  tissues 
become  more  or  less  discolored.  Commonly,  the  brain  and  spinal  cord 
escape  pigmentation.  It  is  said  that  the  gastric  and  pancreatic  secretions 
do  not  show  the  yellowish  tinge.  With  regard  to  the  sources  of  the  pig- 
ment circulating  in  the  blood  two  views  have  long  been  in  force,  these 
leading  to  the  recognition  of  two  forms  of  jaundice,  one  hepatogenous 
and  the  other  hematogenous,  the  former  previously  called  obstructive 
and  the  latter  non-obstructive. 

Hepatogenous  jaundice  depends  upon  the  production  of  bile  pigment 
in  the  usual  way,  and  its  absorption  by  the  blood  as  a result  of  retention 
within  the  biliary  channels.  This  retention  may  depend  upon  swelling 
of  the  mucous  membrane  of  the  duct,  biliary  calculi,  tumors  within  or 
without  the  duct  and  pressing  upon  it,  inflammatory  adhesions,  kinks, 
pressure  by  a misplaced  viscus,  such  as  the  right  kidney,  parasites  in  the 
bile-duct,  and  other  sources  of  obstruction.  The  resorption  of  bile  as  a 
result  of  such  obvious  obstructions  as  those  just  considered  deserves  no 
special  comment.  There  are  forms  of  jaundice,  however,  that  are  not 
obstructive  in  the  sense  previously  indicated.  It  is  alleged  that  jaundice 
may  depend  upon  the  overproduction  of  bile  (polycholia) ; the  abnormal 
bile  may  be  viscid,  slow-flowing,  and  hence  offer  opportunities  for  resorp- 
tion or,  entering  the  intestine  in  large  quantities,  it  may  be  taken  up  by 
the  portal  circulation  and  returned  to  the  liver,  which  may  not  be  equal 
to  the  continued  removal  of  the  pigment  from  the  blood,  which,  escaping 
the  hepatic  cells,  passes  onward  into  the  general  circulation. 

Hematogenous  jaundice  is  seen  in  connection  with  various  morbid 
processes  in  which  blood  destruction  constitutes  an  important  element. 
It  is  the  erythrocytolysis  (hemolysis)  of  yellow  fever,  pyemia,  pernicious 

1 Sand  with,  Cantlie,  Anderson,  and  also  Mathias,  Brit.  Med.  Jour.,  Sept.  17,  1904, 
p.  672;  Sacquepee,  Arch,  de  med.  Exper.  et  d’Anat.  path.,  July,  1902;  Tagic, 
Ziegler’s  Beitrage,  1903,  vol.  xxxiii,  p.  302;  Chauffard,  Sem.  Med.,  No.  5,  1908; 
Eppinger,  Ergebmsse  d.  Inneren  Med.  u.  Kinderheilkunde,  vol.  i,  1908; 'Barker 
and  Salden,  Trans.  Assoc.  Amer.  Phys.  xxiv,  1909;  Whipple  and  King.  Tour. 
Exper.  Med.,  vol.  xiii,  1911. 
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malaria,  and  allied  conditions  with  which  this  form  of  jaundice  is  especi- 
ally connected.  It  may  follow  emotional  outbreaks,  such  as  anger  and 
grief,  and  has  been  observed  in  head  injuries,  particularly  concussion  of 
the  brain.  The  jaundice  associated  with  venom  poisoning  and  phos- 
phorus poisoning  belongs  with  this  group.  The  fortunate  possession 
of  an  agent  (toluylenediamin)  destroying  the  blood  and  bringing  about 
this  form  of  jaundice,  has  enabled  investigators  to  study  changes  that 
accompany  the  condition.  It  has  been  shown  that  destruction  of  the 
blood  cells  leads  to  the  production  of  a bile  the  viscosity  of  which  prevents 
rapid  flow  through  the  biliary  capillaries,  and  hence  permits  regurgitation, 
or  at  least  increases  biliary  pressure  to  an  extent  compatible  with  re- 
sorption. At  the  same  time  there  is  more  or  less  catarrhal  swelling  of 
the  mucosa  of  the  biliary  passages,  which  further  impedes  the  flow.  The 
jaundice  is  then  truly  obstructive  and  not  actually  of  hematogenous 
origin,  although  the  initial  step  in  the  process  was  probably  the  erythro- 
cytolysis.  Experimental  studies  of  the  jaundice  produced  by  phosphorus 
and  arseniuretted  hydrogen  offer  conclusive  evidence  that  the  icterus 
is  due  to  the  same  conditions  as  toluylenediamin  jaundice.  Further, 
it  has  been  shown  that  if  the  liver  is  removed  and  poisoning  brought 
about  by  some  of  the  before-mentioned  agents,  blood  pigments  appear 
in  the  urine,  though  bile  pigments  are  not  found. 

A number  of  writers  have  described  a form  of  jaundice  sometimes 
epidemic,  suggesting  communicability.  Such  systematic  writers  as 
Strumpell,  Loomis,  and  Thompson  refer  to  it.  Pomeroy  reported  an  epi- 
demic in  Calumet,  Michigan,  and  Dixon1  200  cases  occurring  in  Alabama. 
Costa  describes  70  cases  occurring  among  soldiers  where  the  evidence  of 
contagion  appeared  to  be  clear.  Nicolaysen  reports  an  epidemic  of  123 
cases  and  believes  that  the  condition  depends  upon  a specific  gastro- 
intestinal catarrh  transmissible  from  person  to  person  and.  often  occur- 
ring without  its  associated  jaundice.  The  infectious  jaundice  described 
by  Sandwith,  the  epidemic  catarrhal  jaundice  reported  by  Anderson, 
and  the  jaundice  of  the  tropics  are  evidently  closely  allied  affections. 
The  relation  of  these  to  one  another  and  to  Weil’s  disease  is  not 
known;  all  are  attended  by  more  or  less  marked  jaundice,  and  hepatic 
and  usually  splenic  enlargement.  A number  of  bacteria  have  been 
described  as  occurring  in  the  condition,  but  no  specific  organism  has  been 
isolated. 

An  interesting  form  of  icterus  is  the  chronic  family  jaundice2  affect- 
ing several  members  of  a family,  often  several  generations,  usually  ap- 
pearing at  birth,  during  infancy,  or  in  early  adult  life  and  persisting 
even  to  old  age  without  greatly  inconveniencing  the  patients.  The 
spleen  is  almost  constantly  enlarged.  The  icterus  appears  to  be  of  the 
polycholic  type,  i.  e.,  due  to  an  excess  of  biliary  pigment. 

The  symptomatology  of  icterus  is  quite  convincing;  the  melancholy, 
mental  hebetude,  occasionally  stupor  and  coma,  the  slowing  of  the  heart 
and  lowered  blood  pressure,  hemorrhages,  subnormal  temperature,  the 
itching,  and  the  occurrence  of  albumin  and  casts  in  the  urine,  sometimes  a 
definite  nephritis,  the  hepatic  necroses  (icteric  necrosis)  and  the  hemo- 
lytic action  of  the  bile,  all  indicate  the  toxicity  of  the  widely  diffused 
biliary  salts  and  pigments  both  of  which  have  been  experimentally  shown 
to  be  poisonous. 

'Jour.  Amer.  Med.  Assoc.,  May  16,  1908,  p.  1636. 

2Tileston  and  Griffin,  Amer.  Jour,  of  Med.  Sci.,  June,  1910. 
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Uremia  is  related  to  diseases  of  the  kidney  in  a way  analogous  to, 
but  by  no  means  identical  with,  the  relation  of  cholemia  to  diseases  of 
the  liver.  Acute,  subacute,  chronic  and  latent  forms  are  recognized. 
Some  writers  describe  the  eclamptic,  epileptiform  or  fulminating  type  as 
a subdivision  of  the  acute.  The  chief  clinical  manifestations  are  nervous, 
consisting  of  drowsiness,  stupor,  coma,  muscle  twitching,  cramp,  con- 
vulsions, dyspnea,  hiccough,  and  occasionally  inability  to  sleep.  No 
urine  may  be  voided,  or  there  may  be  great  reduction  in  the  urinary 
nitrogen,  the  water  excretion  remaining  at  or,  in  some  cases,  above  nor- 
mal. It  may  accompany  any  form  of  nephritis  and  has  been  described 
in  cases  where  renal  changes  were  inconspicuous;  mechanical  obstruction 
to  the  escape  of  urine  from  pelvis  of  ureter,  ureter  and  bladder,  may  be  a 
cause.  Attempts  to  explain  uremia  on  any  mechanical  basis,  for  example, 
dropsy  general  or  local,  particularly  cerebral  edema,  anemia  of  the  brain, 
and  by  abnormal  tension  of  cerebrospinal  fluid,  have  proven  inadequate. 
The  clinical  phenomena  indicate  a poison  or,  because  of  the  varied  phe- 
nomena, a possible  group  of  poisons.  Bradford1  suggests  the  following 
possibilities  concerning  the  cause  of  the  intoxication : 

(a)  Retention  of  a body  that  ought  to  be  and  normally  is  excreted. 
(6),  The  abnormal  decomposition  in  the  blood  or  tissues  of  such  a body. 
(c)  The  formation  of  abnormal  products.  The  studies  of  these  possi- 
bilities have  shown  what  uremia  is  not,  but  so  far  have  failed  to  show 
the  exact  nature  of  the  process.  The  name  implies  poisoning  by  urea 
which  may  be  present  in  the  blood  in  twenty  times  the  normal  quantity 
and  greatly  reduced  in  the  urine;  experimentally  it  has  been  shown  that 
urea  is  feebly  toxic  and  cannot  cause  the  symptoms  of  uremia.  The 
urea  excretion  in  cases  of  fatal  uremia  may  equal  that  of  patients  having 
no  uremic  phenomena.  At  best  it  is  but  an  index  of  faulty  nitrogen 
metabolism  or  faulty  excretion.  Many  normal  constituents  of  the  urine 
are  toxic — Bouchard’s  urotoxins — and  in  some  cases  of  uremia  the  tox- 
icity of  the  urine  is  greatly  diminished  indicating  retention  of  one  or  more 
toxic  substances.  Creatinin,  the  purin  bases,  uric  acid  and  the  potas- 
sium salts  of  the  urine  are  mildly  toxic  but,  in  the  quantities  available 
cannot  be  considered  the  cause  of  uremia.  The  suggestion  that  the 
poison  results  from  changes  in  retained  nitrogenous  bodies  has  offered 
nothing  conclusive;  decomposition  of  urea  may  result  in  the  production 
of  ammonium  carbamate,  and  ammonium  carbonate;  these  substances 
when  introduced  into  the  circulation  give  rise  to  symptoms  resembling 
those  of  uremia.  On  the  other  hand  examination  of  the  blood  in  uremia 
has  failed  to  show  any  excess  of  ammonia.  Ascoli2  suggests  that  as  a 
result  of  the  renal  changes  cytolysins  are  formed  and  that  in  renal  disease 
the  nephrolysins  (see  p.  34)  are  the  toxic  substances.  Of  these  bodies 
we  know  as  yet  too  little  to  dogmatize.  It  is  possible  that  the  kidney 
produces  an  internal  secretion  and  uremia  may  be  the  result  of  some 
change,  quantitative  or  qualitative,  in  this  rather  hypothetical  substance. 

Toxemia  of  pregnancy  and  eclampsia3  are  morbid  conditions  ac- 

1 System  of  Medicine,  Allbutt  and  Rolleston,  vol.  iv,  part  1,  p.  577. 

2 Vorlesungen  iiber  Uraemie,  1903. 

3 Konstantinowitsch,  Ziegler’s  Beitr.,  1907,  xl,  p.  483;  Albeck  and  Lohse, 
Zeitsch.  f.  Geburtsh.  u.  Gynakol.,  1908,  lxii,  Semb,  Arch.  f.  Gvnakol.,  lxxvii,  1; 
Zweifel,  Arch.  f.  Gynakol.,  lxxii,  and  lxxvi,  3;  Dienst,  Zentr.  Bl.  f.  Gynakol.,  March 
25,  1905;  Ewing,  Amer.  Jour,  of  Med.  Sci.,  June,  1910;  Gilman,  Boston  Med. 
and  Surg.  Jour.,  March  30,  1905,  p.  367.  Welch,  Jour.  Amer.  Med.  Assoc.,  Oct.  23, 
1909,  p.  1358. 
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companying  gestation.  In  a general  way  the  toxemias  are  manifested 
earlier  in  pregnancy  or,  appearing  late  and  progressing,  become  pro- 
dromal to  eclampsia.  Among  the  many  manifestations  of  this  peculiar 
toxemia  may  be  mentioned  cutaneous  disturbances,  ptyalism,  the  nausea 
and  vomiting  of  pregnancy,  jaundice,  albuminuria,  fatty  degeneration 
and  other  disturbances  of  the  liver,  and  eclampsia,  independent  of  or 
with  albuminuria;  the  symptomatology  indicates  the  presence  of  some 
intensely  toxic  substance,  possibly  a number  of  poisons.  It  is  possible 
that  the  insanities  of  pregnancy  have  a similar  origin.  When  death  has 
followed  eclampsia  the  liver  shows  congestion,  capillary  thrombosis, 
hepatitis  hemorrhagica,  anemic  and  hemorrhagic  necroses  and  throm- 
boses of  the  interlobular  vessels,  the  thrombi  being  fibrinous  or  hyalin. 
The  kidney  changes  consist  of  a moderate  parenchymatous  degeneration, 
necrosis  of  the  renal  epithelium,  or  an  acute,  sometimes  intense,  nephritis. 
Capillary  thrombi,  necroses,  punctate  hemorrhages,  and  cytologic  changes 
occur  in  the  brain  but  are  not  characteristic.  Granular  changes  are 
found  in  the  heart,  sometimes  in  other  muscles.  During  life  the  pressure 
of  cerebrospinal  fluid  may  be  raised.  Hyalin  changes,  degenerated 
epithelium,  and  hemorrhagic  infarcts  may  be  present  in  the  placenta; 
the  lesions,  however,  are  not  constant.  The  changes  observed  in  the 
fetus  indicate  an  intoxication,  and  toxic  substances  have  been  found  in 
the  amniotic  fluid.  Ewing  holds  that  the  persistent  vomiting  of  preg- 
nancy, acute  yellow  atrophy  of  the  liver,  and  eclampsia  are  closely  related. 
He  further  maintains  that  they  are  caused  by  deficient  oxidizing  capacity 
on  the  part  of  the  liver  which  fails  to  convert  proteid  derivatives  into 
urea.  Clearly  the  detoxicating  function  of  the  liver  is  defective  or  the 
demand  made  upon  it  is  excessive.  Proteids  are  usually  present  in  the 
urine,  frequently  abundant.  The  low  urea  excretion  during  clinical 
manifestation,  and  the  excess  in  convalescence,  indicates  faulty  elimi- 
nation, and  possibly  accumulation  of  urea  antecedents  in  the  blood  or 
tissues.  Ammonia  excretion  is  increased.  Lactic  acid  may  be  found 
in  the  blood;  Zweifel  gives  great  prominence  to  this  fact  and  to  the  lactic 
aciduria. 

Acid  intoxication  or  acidosis1  occurs  in  wasting  diseases,  starvation, 
acute  yellow  atrophy  of  the  liver,  phosphorus  poisoning,  occasionally 
in  fevers,  frequently  in  pernicious  vomiting  of  pregnancy,  but  attains  its 
most  characteristic  features  in  diabetic  coma.  Postanesthetic  intoxi- 
cations, particularly  delayed  chloroform  poisoning,  are  closely  allied, 
if  not  identical  manifestations.  The  condition  may  be  produced  experi- 
mentally in  animals  by  the  administration  of  hydrochloric,  sulphuric,  or 
phosphoric  acid.  The  most  conspicuous  symptoms  in  clearly  defined 
cases  are  air  hunger — dyspnea — without  cyanosis,  mental  hebetude, 
stupor  and  deep  coma,  and  rapid  pulse,  usually  of  high  tension  at  the 
onset  of  stupor  but  becoming  weaker  as  the  coma  progresses.  The 
transfer  of  carbonic  acid  from  the  tissues  to  the  lungs  is,  in  part  at 
least,  accomplished  by  the  conversion  of  carbonates  into  bicarbonates  in 
the  tissues,  and  of  the  bicarbonate  into  the  carbonate  in  the  lung;  during 
the  latter  process  the  liberated  molecules  of  C02  are  discharged  in  the 
expired  air.  It  therefore  becomes  evident  that  the  power  of  the  blood 

1v.  Noorden,  Diabetes  Mellitus;  Folin,  Trans.  Assoc.  Amer.  Phys.,  xxii,  1907, 
p.  256;  Joslin,  Trans.  Assoc.  Amer.  Phys.,  xxii,  IQo7,  p.  246;  Bainbridge,  Lancet! 
March  28,  1908;  Guthrie,  Brit.  Med.  Jour.,  Oct.  17,  1908;  Ewing,  Arch.  Internal 
Med.,  Nov.  15,  1908,  p.  330;  Wells,  Chemical  Pathology. 
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to  transport  C02  may  be  reduced  by  the  presence  of  acids  which  combine 
with  the  alkalies  and  lead  to  the  excretion  of  these  bodies  by  the  kidneys 
in  the  form  of  neutral  salts.  When  the  loss  of  blood  alkalies  becomes 
excessive  the  organism  attempts  to  protect  itself  by  combining  the 
ammonia  nitrogen  on  its  way  to  the  formation  of  urea,  with  the  acid 
present. 

In  diabetes  the  important  acids  are  betaoxybutyric  and  diacetic; 
they  are  usually  associated  with  acetone,  the  three  substances  appearing 
in  the  urine;  their  abundance  is  ominous  of  approaching  coma.  The 
source  of  these  bodies  is  not  fully  determined;  they  may  be  produced 
from  the  fats,  carbohydrates,  or  proteids.  Their  origin  from  fats  seems 
most  likely;  according  to  Folin  normal  fatty  acids  containing  an  odd 
number  of  carbon  atoms  do  not  yield  oxybutyric  acid.  As  the  acetone 
bodies  may  disappear  under  a carbohydrate  diet  or  be  present  when 
carbohydrates  are  excluded,  it  is  not  probable  that  they  arise  from  this 
source.  The  amino-acids  of  the  proteins  may  be  precursors  of  the  acetone 
bodies,  betaoxybutyric  and  diacetic  acids.  The  excessive  neutralization 
of  alkalies  within  the  blood  is  responded  to  by  the  production  of  ammonia, 
which,  manifesting  its  neutralizing  function,  is  excreted  in  the  urine  in 
which  the  amount  is  frequently  5 grams  and  may  attain  1 2 grams,  whereas 
the  normal  is  about  1 gram.  Although  the  acetone  bodies  are  not  without 
toxic  properties,  it  seems  that  the  deleterious  action  of  oxybutyric  and 
diacetic  acids  results  from  their  attacks  upon  the  alkalies  of  the  blood 
rather  than  upon  any  inherent  poisonous  attribute.  The  view  that  the 
intoxication  depends  upon  the  presence  of  acetone  has  not  been  gener- 
ally accepted. 

As  examples  of  intoxication  resulting  from  disturbances  of  internal 
secretion  the  reader  is  referred  to  the  description  of  athyroidism,  exoph- 
thalmic goiter  and  Addison’s  disease  in  the  chapter  on  Ductless  Glands. 


CHAPTER  III. 


BACTERIA  AS  CAUSES  OF  DISEASE. 

GENERAL  CONSIDERATIONS. 

Near  the  bottom  of  the  scale  of  vegetable  life  may  be  recognized 
three  groups  of  microorganisms  which,  in  a general  way  following  Nageli, 
may  be  divided  into  (i)  the  Schizomycetes,  fission  fungi,  or  bacteria; 
(2)  Blastomycetes,  saccharomycetes,  yeasts  or  yeast  fungi,  or  budding 
fungi;  (3)  Hyphomycetes,  molds,  mold  fungi,  or  mucorini,  and  sometimes 
called  the  branching  fungi.  This  classification  is  open  to  important 
objections  and  must  be  regarded  as  provisional;  it  serves  the  purpose  of 
labeling,  facilitates  grouping,  and  in  other  ways  aids  our  study  of  these 
parasites  and  the  diseases  caused  by  them.1 

BACTERIA.2 

Bacteria  are  microscopic,  unicellular  organisms  of  vegetable  origin. 
They  vary  in  size  from  ultramicroscopic  bodies,  too  small  for  demonstra- 
tion by  optical  appliances  at  present  at  our  disposal,  to  larger  units  the 
maximum  length  of  which  may  exceed  the  diameter  of  a red  blood 
cell.3  From  eight  to  twelve  of  the  medium-sized  cocci  can  be  placed 
in  a row  across  the  surface  of  an  erythrocyte.  The  smallest  demon- 
strable object  by  the  best  modern  microscopes  measures  about  0.2  fi\ 
a number  of  bacteria  are  more  minute.4 

Structure. — Bacteria  consist  of  a non-chlorophyllous  protoplasm, 
which,  in  some  forms,  is  condensed  at  the  periphery,  giving  rise  to  a layer 
resembling  a cell  wall;  a few  possess  outer  cellulose  membranes  and 
some  are  encapsulated.  Butschli  has  shown  that  the  plasma  of  bacteria 
is  a coagulable  gelatinous  substance  which  may  be  expressed  from  the 
interior  of  the  cell.  He  recognized  in  most  bacteria  an  outer  membrane 
which  does  not  stain  and  a faintly  tingible  adjacent  zone,  while  near  the 
center  is  an  area  staining  intensely  and,  though  probably  not  a nucleus, 
possessing  some  of  the  characters  of  that  structure. 

’It  is  not  the  purpose  of  this  work  to  discuss  systematically  the  organisms  that 
cause  disease.  The  student  is  referred  to  numerous  excellent  works  on  bacteriology, 
among  which  may  be  mentioned  Kolle  and  Wassermann,  Handbuch  der  Mikro- 
organismen;  Flugge,  Die  Mikroorganismen;  Mace,  Traits  de  Bacteriologie;  Miquel 
and  Cambier,  Traite  de  Bacteriologie  Pure  et  Appliquee,  1902;  Muir  and  Ritchie, 
Manual  of  Bacteriology;  McFarland,  Text-book  of  Pathogenic  Bacteria. 

2In  the  present  edition  the  chapter  on  Bacteriologie  Technic  has  been  placed 
near  the  end  of  the  volume. 

3The  measurement  of  bacteria  is  usually  made  in  microns.  The  term  “micron” 
is  an  abbreviation  of  micromillimeter,  which  is  the  one-thousandth  part  of  a milli- 
meter; in  other  words,  about  the  twenty-five  thousandth  part  of  an  inch.  The  word 
“micromillimeter,”  or  “micron,”  is  practically  never  written  out,  but  is  indicated 
by  the  Greek  /1. 

4For  review  of  the  ultramicroscopic  bacteria  see  Roux,  Bulletin  de  l’lnstitut 
Pasteur,  vol.  i,  Nos.  1 and  2;  Hektoen,  Jour.  Amer.  Med.  Assoc.,  Aug.  15  and  22, 
1903. 
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Motility. — Many  bacteria  possess  the  power  of  locomotion.  Motile 
cocci,  bacilli,  and  rigid  spirals  are  propelled  by  the  exceedingly  rapid 
vibratory  motion  of  thin,  lashdike  processes,  extending  from  the  side  or 
poles  of  the  organism,  called  flagella.  (For  the  demonstration  of  flagella 
see  chapter  on  Bacteriologic  Technic.)  Certain  of  the  flexible  spirilla 
possess  the  power  of  moving  from  place  to  place  by  (i)  a rotatory  axial 
motion,  or  (2)  by  an  undulatory  or  snake-like  movement. 

Reproduction  of  the  schizomycetes  is  principally  by  the  process  of 
fission;  i.  e.,  a cell  having  reached  its  full  development,  divides  into  two 
or  more  segments.  Reproduction  also  takes  place  by  spore  formation. 
Two  kinds  of  spores  have  been  described:  (1)  Arthrospores  and  (2)  endo- 
spores. 

Arthrospore  formation  is  described  by  de  Bary  and  Hueppe  as  occur- 
ring in  cocci.  In  certain  chain  cocci  a few  cell  elements  acquire  those 
characteristics  common  to  spores  without  any  apparent  differentiation 

of  cell  protoplasm.  They  appear  larger  than  the  other 
elements  of  the  chain;  their  borders  are  more  sharply 
defined,  and  the  cell  wall  appears  to  be  thicker;  they 
possess  a much  greater  resistance  than  the  other  cells 
to  all  conditions  incompatible  with  life,  and  their  pro- 
toplasm is  darker  or  more  highly  retractile.  When 

Fi<bV  FissK)N°—  tco'iiL  ^ese  bodies  are  removed  from  conditions  that  brought 
and  Bevan.)  ° m about  the  death  of  the  other  chain  elements,  and  when 
placed  in  favorable  soil,  they  develop  the  character- 
istic chains.  This  type  of  spore  formation  is  not  universally  accepted; 
the  bodies  thought  to  be  arthrospores  have  no  enveloping  membrane, 
are  without  characteristic  stain  reaction,  and  it  is  not  known  that 
they  possess  increased  resistance  to  destructive  agencies. 

Endospore  formation  is  the  development  within  the  bacterial  cell  of 
spheric  or  oval  bodies  possessing  unusual  resistance  to  conditions  incom- 
patible with  the  life  of  the  mature  organism.  Usually  the  spores  make 
their  appearance  only  when  germ  plasma  manifests  degeneration  and 
becomes  granular.  The  spore  appears  at  first  as  a small,  bright  point, 
which  gradually  increases  in  size  until  its  diameter  may  exceed  that  of 
the  parent  cell.  Frequently  the  spore  develops  in  the  center  of  the 
organism,  when,  if  the  microbe  is  a bacillus,  it  may  appear  spindle-shaped. 
If  the  spore  arises  at  one  end  of  a bacillus,  the  organism  appears  club- 
shaped  or  pendulum-like — a characteristic  of  the  Bacillus  tetani.  Endog- 
enous sporulation  is  an  attribute  of  bacilli  and  a few  spirilla,  although 
Zopf  has  described  the  formation  of  endospores  in  certain  micrococci, 
and  Escherich  in  the  Sarcina  pulmonum.  It  is  generally  believed  that 
spore  formation  should  not  be  regarded  as  a process  of  multiplication, 
but  rather^  as  a stage  in  the  perpetuation  of  the  organism.  Usually 
sporulating  bacteria  do  not  manifest  the  tendency  except  in  the  presence 
of  conditions  unsuited  to  continued  proliferation,  a fact  strongly  sug- 
gesting that  the  process  is  directed  toward  establishing  heightened  resist- 
ance to  external  agencies.  Under  favorable  conditions,  spores  always 
develop  into  organisms  identical  with  those  from  which  they  were  de- 
rived. 1 

The  processes  of  reproduction  in  yeasts  and  molds  are  described 
and  illustrated  with  those  organisms. 

1 F01  paper  on  sporulation  in  anthrax  and  other  spore-bearing  bacteria  see  Selter, 
Centralbl.  f.  Bakt.,  Oct.  17,  1904,  p.  186. 
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It  is  impossible  to  distinguish  between  the  many  species  of  any  one 
kind  of  organism  by  morphologic  peculiarities  alone;  therefore  the  bio- 
logic characters  must  be  developed  to  serve  as  a guide  to  satisfactory 
identification.  It  is  well  known  that  several  varieties  of  the  micrococcus 
pyogenes  are  morphologically  identical,  and,  were  it  not  for  certain 
biologic  peculiarities,  it  would  be  impossible  to  differentiate  one  from 
another.  Those  points  commonly  worked  out  will  be  found  tabulated 
in  the  chapter  on  Bacteriologic  Technic. 

Microorganisms  forming  pigment  in  the  process  of  growth  are  known 
as  chromogenic  bacteria,  or  chromogens.  Breyerinck  and  Schroter 
divide  the  chromogenic  bacteria  into  (i)  chromoparous,  in  which  the 
coloring-matter  surrounds  the  colorless  organism  and  is  apparently  a 
secretion  of  the  germ;  (2)  the  chromophorous,  in  which  the  cell  proto- 
plasm is  pigmented,  and  (3)  the  parachromophorous,  those  containing 
colored  granules  in  the  cell  wall. 

Zymogenes,  or  Zymogenic  bacteria,  are  those  capable  of  inducing 
fermentation. 

Saprophytic  bacteria  are  those  incapable  of  produc- 
ing disease.  Such  organisms  subsist  on  dead  animal 
or  vegetable  matter  and  may  be  present  in  a gangren- 
ous limb  or  blood  clot  in  the  uterus,  but  are  not  able  to 
invade  the  living  tissues.  While  this  distinction  be- 
tween saprophytism  and  parasitism  may  sometimes 
hold,  it  cannot  be  applied  too  strictly.  Theobald 
Smith1  suggests  that  many  pathogenic  bacteria  may 
at  some  time  have  been  saprophytic. 

Pathogenesis. — Pathogenic  bacteria  are  the  disease 
producing  organisms.  Koch  has  formulated,  as  con- 
clusive evidence  of  the  specificity  of  a given  organism, 
the  following  requirements,  which  must  be  met: 

1.  The  organism  must  be  present  in  all  cases  of  the  disease. 

2.  It  must  be  grown  in  pure  culture. 

3.  It  must  produce  the  disease  by  inoctdation  in  susceptible  animals. 

4.  From  such  animals  the  germ  must  be  obtained  and  again  cultivated 
in  pure  culture. 

To  this  cycle  of  proof  has  recently  been  added  other  demands  for 
experimental  evidence  of  pathogenicity. 

5.  From  cultures  of  the  organism  there  should  be  demonstrated  a 
toxin  that,  without  the  germ,  will  produce  the  phenomena  of  the  disease, 
or  by  means  of  which  an  antitoxin  or  immunizing  substance  can  be  devel- 
oped in  susceptible  animals,  lessening  or  removing  their  liability  to  the 
disease  presumed  to  be  produced  by  the  organism  in  question. 

6.  For  certain  organisms  it  may  be  possible  to  demonstrate  the  pres- 
ence of  agglutinins,  precipitins,  and  other  manifestations  of  antigen  action 
which  will  be  considered  in  the  chapter  on  Immunity. 

Any  evidence  less  conclusive  than  that  afforded  by  the  foregoing 
requirements  may  be  considered  as  presumptive  knowledge  of  specificity. 
So  many  diseases  occur  in  man  and  not  in  lower  animals  that  the  best  wre 
can  hope  to  do  is  to  produce,  by  experiment  or  otherwise,  as  much  of 
the  proof  as  possible,  and  to  accept  the  germ  as  the  cause  in  the  absence 
of  any  equally  or  more  rational  explanation.  In  some  diseases  this  is 
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Fig.  10. — From  Cul- 
ture of  Bacillus 

MBGATERIUM. 

Showing  development 
of  spores  within  the 
capsules  or  bacillary 
envelope,  which  later 
breaks  up  and  liberates 
the  spores.  On  the  ex- 
treme right  are  shown 
three  bacilli  develop- 
ing from  the  spores. 
X 800  diameters.  ( Cop - 
lin  and  Bevan.) 


1 Jour,  of  the  Boston  Soc.  of  Med.  Sci.,  1900,  vol.  iv,  p.  95. 
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practically  the  stage  at  which  the  scientific  inquiry  at  present  rests.  It 
is  also  most  important  to  recognize  that  the  disease-producing  power  of 
well-known  pathogenic  organisms  is  by  no  means  always  the  same. 
Some  bacteria  under  cultivation  entirely  lose  their  ability  to  produce 
disease  even  in  susceptible  animals.  Saprophytic  bacteria  under  unusual 
conditions  may  occasionally  become  pathogenic,  and  it  is  highly  probable 
that  some  pathogenic  forms  have  acquired  this  faculty. 

Toxicogenic  Bacteria. — Certain  bacteria  are  endowed  with  the  prop- 
erty of  elaborating  poisonous  bodies  without  themselves  being  able  to 
exist  in  the  living  tissues.  As  will  be  pointed  out  later,  all  disease- 
producing  bacteria  are  toxicogenic  to  a certain  degree. 

Liquefaction. — Those  bacteria  that  in  their  growth  liquefy  Koch’s 
flesh-peptone-gelatin  are  known  as  liquefying.  They  probably  elaborate 
a ferment  having  this  property.  The  exact  ferment  to  which  this  lique- 
faction is  due  is  a member  of  the  proteolytic  enzymes.  Organisms  not 
having  this  property  are  known  as  the  nonliquefying  bacteria. 

The  power  of  producing  gas  is  marked  in  some  forms  of  bacteria  and 
is  absent  in  others.  Gas  production  is  a conspicuous  feature  of  certain 
anaerobic  organisms,  among  which  may  be  mentioned  the  bacillus  of 
tetanus  and  some  of  the  bacteria  giving  rise  to  gaseous  abscesses  and 
gangrene.  A number  of  the  intestinal  bacteria  produce  gas,  and  the 
usefulness  of  yeasts  in  the  arts  depends,  to  a large  degree,  upon  this 
quality.  Of  the  numerous  gases  produced  by  the  growth  of  bacteria, 
carbonic  acid  is  the  most  common. 

Some  bacteria  coagulate  milk,  and  this  may  be  used  as  a test  in 
studying  species. 

Stain  Reaction. — Many  bacteria  possess  more  or  less  constant  stain 
reactions,  and  a few  microorganisms  are  identified,  in  part  at  least,  by 
their  taking  certain  dyes  or  staining  by  certain  methods.  The  special 
methods  are  given  with  each  organism,  but  the  following  list  of  bacteria, 
with  their  reactions  to  Gram’s  method,  is  introduced  for  convenient 
reference  4 

Stained,  by  Gram's  Method. 

Bacillus  diphtherue. 

Bacillus  pseudodiphtherias. 

Bacillus  anthracis. 

Bacillus  tetani. 

Bacillus  lepras. 

Bacillus  aerogenes  capsulatus. 

Bacillus  tuberculosis. 

Bacillus  xerosis. 

Actinomyces. 

Pneumococcus. 

Streptococci. 

Staphylococcus  pyogenes  aureus. 

Staphylococcus  pyogenes  albus. 

.Staphylococcus  pyogenes  citreus. 

Micrococcus  tetragenus. 

Bacillus  pyocyaneus 

Thermal  Death -point. — Each  organism  has  what  is  known  as  its 

JFor  method  see  chapter  on  Bacteriologic  Technic. 

2 Recent  studies  of  the  meningococcus  show  that  the  reaction  of  this  organism 
to  Gram’s  method  cannot  be  depended  upon  for  differentiating  it  from  the  pneumo- 
coccus. 


Not  stained  by  Gram's  Method. 

Bacillus  typhosus  (and  group). 

Bacillus  coli  (and  group). 

Bacillus  anthracis  symptomatici. 

Bacillus  mallei. 

Bacillus  ulceris  mollis. 

Bacillus  dysenterias  (and  group). 

Proteus  vulgaris  (group). 

Bacillus  edematis  maligni. 

Bacillus  influenzae. 

Diplococcus  intracellularis  meningitidis.2 
Pneumobacillus  (Friedljinder) . 
Gonococcus. 

Spirillum  cholerae  Asiaticae  (and  group). 
Bacillus  pestis. 
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optimum  temperature,  at  which  the  growth  is  most  luxuriant  and  above 
or  below  which  it  becomes  less  and  less  free  as  the  change  progresses. 
Eventually,  temperatures  are  reached  so  high  or  so  low  that  growth  is 
arrested.  Cold  does  not  kill,  but  a sufficiently  high  temperature  de- 
stroys any  germ.  The  exact  temperature  proving  destructive  to  via- 
bility is  known  as  the  thermal  death-point.  As  moist  heat  and  dry  heat 
are  not  equally  efficacious,  two  thermal  death-points  result;  when  but  one 
is  given,  it  refers  to  the  action  of  moist  heat.  Cultures  in  different  media 
and  of  different  ages  often  show  marked  differences  in  the  temperature 
necessary  to  kill.1 

Aerobic  and  anaerobic2  are  terms  introduced  by  Pasteur  to  denote 
that  an  organism  requires  the  presence  or  absence  of  oxygen  as  an  essen- 
tial to  its  growth.  It  was  proposed  at  one  time  to  classify  bacteria  upon 
this  basis,  dividing  them  into  two  groups,  aerobic  and  anaerobic; 
but  it  was  soon  discovered  that  certain  organisms  might  be  cultivated 
either  in  the  presence  or  absence  of  air,  though  such  bacteria  usually 
showed  a preference  for  one  or  the  other  condition.  This  led  to  the  intro- 
duction of  the  terms  facultative  and  obligate.  An  obligate  organism 
requires  absolutely  one  or  the  other  condition.  A facultative  organism, 
while  showing  a marked  preference  for  one  condition,  may  develop  under 
the  other.  Rosenthal3  has  shown  that  several  species  of  anaerobic  bac- 
teria may  be  made  acquire  aerobic  growth;  during  the  transformation 
pathogenic  anaerobes  manifest  a progressive  loss  of  virulence.  Although 
the  hope  of  thus  classifying  bacteria  has  been  abandoned,  the  terms  are 
retained,  and  are  now  used  for  the  purpose  of  description  as  well  as  aids 
to  identification. 

Photogenesis. — Many  bacteria  are  endowed  with  the  power  of  pro- 
ducing phosphorescence. 

The  faculties  of  producing  color,  fermentation,  disease,  etc.,  are 
simply  properties,  and  one  or  all  may  be  possessed  by  a single  organism. 
Furthermore,  an  organism,  under  varying  conditions,  may  be  chromo- 
genic  or  nonchromogenic,  zymogenic  or  nonzymogenic,  aerobic  or  an- 
aerobic, pathogenic  or  nonpathogenic.  Again,  a bacterium  that  is  patho- 
genic for  one  animal  may  be  wholly  destitute  of  this  property  when  in- 
jected into  an  animal  of  another  species. 

Other  Bacterial  Products.4 — In  the  process  of  proliferation  and  growth 
bacteria  abstract  from  the  surrounding  media  certain  bodies  that  enter 
into  and  become  a part  of  the  chemistry  of  the  organism.  After  sub- 
serving a useful  purpose  in  the  economy  of  the  cell  and  undergoing  im- 
portant changes,  many  of  these  bodies  are  liberated.  Not  only  are 
certain  bodies  elaborated  within  the  cell,  but,  as  a result  of  abstracting 
certain  elements  from  the  surrounding  medium,  the  chemistry  of  the 
nutrient  is  changed.  If  the  elements  taken  up  by  the  germ  and  utilized 
as  food  are  thrown  off  by  the  cell,  and  again  enter  the  surrounding  medium, 
they  no  longer  possess  the  same  chemic  affinities,  and  hence  do  not  form 
again  the  same  molecular  combinations.  As  these  products  are  to  a 
certain  extent  dependent  upon  the  character  of  the  nutrient,  it  can  be 
understand  that  the  growth  of  a given  germ  upon  different  media  may  to 

1 For  method  see  chapter  on  Bacteriologic  Technic. 

2 For  methods  of  demonstration  see  chapter  on  Bacteriologic  Technic. 

3 L ’aerobication  des  microbes  anaerobies,  Paris,  1908. 

4 For  an  exhaustive  review  of  bacterial  products  see  Vaughan  and  Novy,  Cellular 
Toxins;  Oppenheimer,  Toxine  und  Antitoxine. 
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some  degree  modify  its  products.  Different  bacteria  growing  upon  the 
same  medium  elaborate  substances  dissimilar,  chemically  and  physio- 
logically, and  the  same  organism  on  different  media  may  yield  other 
products.  The  Bacillus  typhosus  in  meat  infusions  produces  a poisonous 
alkaloid,  in  peptone  solutions  it  does  not.  Within  certain  rather  wide 
limits  each  organism  produces  one  or  more  bodies  as  characteristic  of  its 
growth  as  the  alkaloids  of  certain  vegetable  forms  of  a higher  type.  Of 
the  ultimate  chemistry  of  many  bacterial  products  little  is  known; 
we  deal  more  with  the  results  of  their  activity  than  with  the  bodies 
themselves. 

Among  the  important  products  of  bacterial  life  are  soluble  ferments, 
or  enzymes.1  These  are  produced  by  the  cell,  and,  entering  the  surround- 
ing medium,  induce  chemic  changes,  which  are  probably  directed  toward 
a kind  of  predigestion,  which  enables  the  growing  germ  to  obtain  nourish- 
ment that  previously  was  not  in  an  assimilable  form.  Enzymes  may 
also  be  demonstrated  within  certain  killed  bacteria.  Certain  of  these 
ferments  split  up  starch  in  a manner  resembling  diastase,  and  hence  they 
are  called  diastatic  or  amylolytic  ferments,  in  their  action  resembling  the 
ferments  normally  present  in  the  saliva  and  pancreatic  secretion. 

Other  enzymes  break  up  the  proteids,  converting  albumin  into  albu- 
mose  and  into  peptone,  and  hence  they  are  called  peptonizing  or  proteo- 
lytic ferments.  Others  break  up  fat  (lipolytic  ferments) , and  some  possess 
the  property  of  converting  cane-sugar  into  glucose  by  a process  of  inver- 
sion, while  other  ferments  lead  to  precipitation  of  the  casein  in  milk, 
which  may  again  undergo  resolution  in  the  presence  of  other  members 
of  the  group.  Through  the  activity  of  certain  of  these  enzymes  fer- 
mentation, the  oxidation  of  carbohydrates,  etc.,  occur,  leading  to  the 
formation  of  alcohols,  organic  acids,  etc.2 

Various  acids3  are  produced  by  the  specific  action  of  bacteria.  Among 
the  most  important  are  lactic,  acetic,  and  butyric  acids.  The  Bacillus 
acidi  lactici  produces  lactic  acid  from  milk-sugar,  and  is  a frequent  cause 
of  acid  fermentation  in  milk.  Heinemann  and  Hefferan4  have  shown 
that  Bacillus  bulgaricus,  Bacillus  acidophilus,  Boas-Oppler  bacillus, 
Bacillus  panis  fermentati,  Streptobacillus  lebenis,  and  Leptothrix  buc- 
calis  are  different  names  for  the  same  organism,  which  in  cultures  is  a 
powerful  producer  of  lactic  acid  and  is  the  active  agent  in  many  fermented 
milks. 

The  mycoderma  aceti  (Bacillus  aceticus)  in  the  presence  of  oxygen 
produces  acetic  acid  in  dilute  solutions  of  alcohol.  Butyric  acid  is  pro- 
duced by  a large  number  of  bacteria;  the  most  important  one,  however, 
is  the  Bacillus  butyricus,  an  anaerobic  organism. 

The  alkali3  most  commonly  elaborated  by  bacteria  is  ammonia,  a 
product  of  proteid  dissolution;  e.  g.,  bacterial  disruption  of  urea,  leading 
to  the  formation  of  ammonia  and  carbon  dioxid. 

Putrefaction  of  animal  and  vegetable  bodies  is  brought  about  by 


'For  interesting  paper  on  the  possible  production  of  disease  by  enz)rmes  inde- 
pendent of  any  organism,  see  Moore,  Jour,  of  State  Medicine,  April,  1904. 

2 For  review  of  previous  work  and  original  observations  on  enzymes,  see  Buxton, 
Amer.  Med.,  July  25,  1903,  p.  137. 

3 See  Petruschky,  Centralbl.  f.  Bakt.,  1889,  Bd.  vi;  1890,  Bd.  vii;  1896,  Bd.  xix. 
For  method  of  testing  reaction  see  chapter  on  Bacteriologic  Technic. 

4Jour.  of  Infect.  Dis.,  June  12,  1909. 
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a great  variety  of  bacteria.  The  products  of  this  process  are  numerous, 
and  usually  divided  into  two  classes — the  volatile  and  the  nonvolatile. 
The  malodorous  gases  belonging  to  the  former  group  are  commonly  the 
product  of  anaerobic  bacteria.  Novy  has  very  properly  considered 
putrefaction  to  be  a putrid  fermentation,  differing  from  other  fermenta- 
tive processes  in  the  fact  that  the  bacteria  are  dealing,  in  the  change 
under  consideration,  with  proteid  matter,  and  only  to  a limited  degree 
with  sugars  and  starches. 

Ptomains  are  basic  substances  containing  nitrogen,  and  resemble 
in  chemic  constitution  such  vegetable  alkaloids  as  morphin  and  strychnin. 
Like  the  vegetable  alkaloids,  in  combination  with  acids,  they  form  definite 
salts.  They  are  not  antigens.  It  was  at  one  time  believed  that  bacteria 
owed  their  disease-producing  power  to  the  ptomains.  This  is  now  known 
not  to  be  the  case,  as  a number  of  intensely  pathogenic  bacteria — for 
example,  the  diphtheria  bacillus — do  not  elaborate  ptomains.  Ptomain 
poisoning  most  frequently  results  from  the  ingestion  of  spoiled  meats, 
including,  fish,  sausage,  milk  and  milk  products  such  as  cheese  and  ice 
cream.  They  are  formed  in  some  morbid  processes,  for  example,  gan- 
grene and  other  necroses,  but  in  such  small  quantities  that,  in  this  way, 
they  are  of  far  less  importance  than  the  more  abundant  and  more  power- 
ful toxic  substance  with  which  they  may  be  associated. 

The  most  important  bacterial  products,  so  far  as  at  present  known, 
are  the  toxins.  Toxins,  as  elaborated  by  the  pathogenic  bacteria,  re- 
semble to  a varying  extent  the  albuminoid  poisons,  abrin  and  ricin,  and 
the  venom  of  serpents.  While  this  resemblance  is  possessed  to  a varying 
degree  by  all,  each  toxin  is  the  specific  product  of  a given  microorganism. 
Investigators  are  agreed  that  the  toxins  are  not  basic  bodies  like  pto- 
ma'ins;  in  some  respects  they  resemble  globulins,  but  their  proteid  nature 
is  not  proved;  Roux  and  Yersin  thought  they  might  be  enzymes,  which 
in  many  ways  they  resemble.  As  a matter  of  fact,  we  have  probably 
never  seen  a pure  toxin — nor  for  that  matter  a pure  enzyme, — know 
almost  nothing  of  their  ultimate  composition,  are  unfamiliar  with  the 
chemic  changes  which  evolve  them,  and  are  but  indifferently  acquainted 
with  their  action  in  the  production  of  disease. 

Toxins  are  unstable  compounds,  some  being  destroyed  by  compara- 
tively low  temperatures  (6o°  to  8o°  C.),  and,  in  most  instances,  exposure 
to  sunlight  destroys  or  materially  alters  them.  They  are  the  most  active 
poisons  known;  it  is  estimated  that  1/275  °f  a grain  of  the  pure  toxin  of 
tetanus  would  be  fatal  to  an  adult.  They  are  for  the  most  part  destroyed 
by  the  digestive  juices,  and  therefore  are  innocuous  when  administered 
by  the  stomach.  Entering  the  circulation,  they  manifest  their. poisonous 
properties  upon  many  of  the  cells  of  the  body,  each  toxin  apparently 
selecting  certain  cellular  elements,  which  are  said  to  show  an  unusual 
degree  of  susceptibility.  It  is  probable  that  the  poison  directly  combines 
with,  or  is  taken  up  by,  the  cells. 

Some  toxins  are  diffused  from  the  bacteria  into  the  culture  media 
in  which  they  are  found  in  the  largest  quantities  and  in  the  purest  state; 
these  are  called  extracellular  toxins  or  exotoxins;  conspicuous  among  the 
organisms  producing  this  type  of  toxin  are  the  diphtheria  bacillus  and 
the  bacillus  of  tetanus.  Another  group  of  toxins  are  not  discharged  into 
the  culture  medium  by  the  growing  germ,  but  are  retained  in  the  bacterial 
cell.  These  are  called  intracellular  toxins  or  endotoxins  ; the  chief  poisons 
produced  by  the  typhoid  bacillus,  colon  bacillus,  the  Bacillus  enteritidis 
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of  Gartner,  the  dysentery  bacillus,  spirillum  of  cholera,  and  a few  other 
pathogenic  organisms,  are  almost  exclusively  intracellular;  filtered  cul- 
tures of  such  organisms  are  but  feebly  toxic,  and  any  poison  that  they 
contain  could  easily  have  been  derived  from  the  protoplasm  of  dead 
germs  commonly  present  in  such  cultures  as  the  result  of  bacteriolytic 
processes.  The  destruction  of  such  organisms  in  the  tissues  is  fraught 
with  danger  to  the  economy  on  account  of  the  poisons  liberated  by  the 
disintegration  of  the  dead  bacterium.  In  this  connection  it  is  interesting 
to  note  that  a number  of  nonpathogenic  organisms  contain  highly  toxic 
intracellular  poisons,  and,  therefore,  if  introduced  into  living  tissues 
in  sufficient  quantity  and  destroyed  by  the  bacteriolytic  juices  and  cells 
they  may  liberate  sufficient  poison  to  cause  definite  tissue  alterations; 
Vaughan  has  proposed  for  this  type  of  organism  the  name  toxicogenic 
bacteria,  which  would  include  also  nonpathogenic  organisms  the  poisons 
of  which  are  extracellular.  In  the  case  of  bacteria  containing  intra- 
cellular poisons  it  is  evident  that  the  greater  the  bacteriolysis,  the  larger 
the  amount  of  poison  liberated  in  the  body,  and  it  is  not  improbable  that 
in  some  instances — for  example,  croupous  pneumonia — the  so-called 
crisis  depends  upon  the  rapid  destruction  of  bacteria  and  coincident 
liberation  of  intracellular  poisons  in  large  quantities.  Auclair1  states 
that  the  intracellular  poisons  are  usually  more  resistant  to  heat  and  very 
much  less  diffusible  in  the  tissues  than  the  extracellular  toxins.  In 
common  with  a number  of  observers,  Auclair  has  shown  that  in  the  case 
of  some  organisms  these  intracellular  poisons  are  extremely  complex, 
and  that  by  the  use  of  different  solvents  toxic  substances  having  dis- 
similar properties  may  be  extracted  from  the  bacterial  cell;  the  name 
etherobaeilline,  xylolbacilline,  chloroformbacilline,  etc.,  has  been  given 
to  such  extracts  derived  from  the  tubercle  bacillus.  As  will  be  seen 
later,  when  discussing  the  question  of  immunity,  the  extracellular  poisons 
and  possibly  some  endotoxins  are  antagonized  in  the  tissues  by  antitoxins, 
and  the  bacterial  protoplasm  by  the  bacteriolytic  protective  agents. 

There  is  still  a third  group  of  bacteria  in  which  the  elaborated  poisons 
are  both  intracellular  and  extracellular,  although  the  facts  at  present 
at  our  disposal  indicate  that  even  in  these  organisms  the  diffusible  toxic 
substances  are  unlike  the  more  firmly  anchored  intracellular  toxins. 
The  filtrate  from  the  unheated  cultures  of  the  tubercle  bacillus  contains 
definite  poisons;  if  the  culture  is  boiled  before  filtration,  the  toxicity 
of  the  fluid  is  increased,  indicating  that  some  of  the  intracellular  poisons 
are  extracted  by  the  hot  fluid;  the  bacilli,  however,  still  contain  a quan- 
tity of  undissolved  poison,  as  can  readily  be  shown  by  further  extract- 
ing them  with  a number  of  solvents  and  administering  to  animals  the 
substance  so  obtained. 

That  bacteria  produce  disease  almost  exclusively  through  the  activ- 
ity of  their  toxins  is  now  generally  admitted.  In  some  instances  the 
toxin  exerts  most  of  its  influence  directly  at  its  point  of  production. 
According  to  Auclair,  the  toxins  of  the  actinomyces,  gonococcus,  and 
tubercle  bacillus  act  locally;  the  typhoid  bacillus,  streptococcus,  and 
staphylococcus  poisons  manifest  both  local  and  general  action.  It 
is  well  known  that  the  tetanus  toxin  exerts  no  important  local  influence, 
but  manifests  its  poisonous  quality  almost,  if  not  quite,  exclusively  by 
way  of  the  nervous  system.  The  poisons  produced  by  the  diphtheria 

1 Arch,  de  Med.  Exper.  et  d’  Anat.  Path.,  Nov.,  1903,  p.  725. 
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bacillus  are  responsible  for  some  of  the  important  local  changes,  but 
the  intense  systemic  action  of  the  toxin  is  indicated  by  the  wide-spread 
lesions  of  diphtheria,  such  as  destruction  of  cells  in  the  liver,  degeneration 
of  nerves,  changes  in  the  myocardium,  irritation  and  inflammation  of  the 
kidney,  etc.;  Welch1  and  Flexner  have  demonstrated  that,  in  addition  to 
its  soluble  toxin,  the  diphtheria  bacillus  possesses  an  intracellular  poison 
concerned  in  the  production  of  false  membrane.  The  increase  in  the 
leukocytes  seen  in  a number  of  infections  is  clearly  attributable  to  the 
action  of  the  toxins  on  leukocyte-forming  tissues.  That  such  structures 
are  influenced  in  infection  is  shown  most  clearly  by  the  studies  of  Muir2 
and  Longcope.3  Burton-Sanderson4  has  crystallized  our  previous  knowl- 
edge of  toxin,  particularly  calling  attention  to  the  fact  that  while  it  is 
necessary  to  recognize  the  deleterious  influence  of  bacterial  poison,  it  is 
equally  important  to  appreciate  that  almost  exclusively  through  this 
influence  the  tissues  of  the  body  are  stimulated  to  the  production  of 
antagonizing  agents  (antibodies,  see  Immunity),  through  the  interven- 
tion of  which  bacterial  action  is  arrested. 

The  ultimate  fate  of  bacterial  poisons  is  not  known;  when  neutral- 
ized or  destroyed  by  the  body-cells  or  fluids,  or  in  any  way  rendered 
harmless,  they  may  be  excreted  by  the  emunctories. 

Subinfection. — As  already  stated  when  considering  poisons,  it  is  a 
well-known  fact  that  small,  frequently  repeated  doses  of  such  toxic 
agents  as  lead,  arsenic,  and  mercury,  give  rise  to  special  forms  of  chronic 
intoxication  characterized  in  each  instance  by  a fairly  definite  clinical 
picture  and  more  or  less  constant  lesions.  A number  of  observers5  have 
conceived  the  idea  that  in  one  way  or  another  small  quantities  of  bacterial 
toxins,  constantly  entering,  or  continuously  produced  in  the  system,  may 
give  rise  to  slowly  progressing  lesions  without  at  any  time  the  manifesta- 
tions of  frank  infection.  For  this  condition  Adami  suggested  the  name 
subinfection.  It  is  not  impossible  that  profound  anemias  and  marked 
structural  alterations  in  organs  may  in  this  way  be  brought  about. 

The  growth  of  one  germ  may  develop  conditions  favorable  for  the 
pullulation  or  pathogenic  action  of  another — a condition  called  sym- 
biosis. The  presence  of  oxygen-absorbing  bacteria  may  assist  in  secur- 
ing the  necessary  anaerobic  medium  for  the  bacillus  of  tetanus,  and  alco- 
hol-splitting organisms  may  keep  that  substance  sufficiently  low  to  per- 
mit continuous  growth  of  any  associated  yeasts.  It  is  certain  that  in 
the  presence  of  pathogenic  organisms  which  destroy  tissue,  opportunity 
for  the  growth  of  saprophytic  bacteria  is  afforded  and  the  clinical  and 
pathologic  features  of  infection  intensified.  It  is  not  established,  how- 
ever, that  the  organisms  of  decomposition  in  any  material  way  facili- 
tate the  action  of  the  disease-producing  germs.  Recent  studies  in  the 

‘Brit.  Med.  Jour.,  Oct.  n,  1902,  1105;  Lancet,  Oct.  n,  1902,  p.  977;  Medical 
News,  Oct.  18,  1902,  p.  721;  Science,  Nov.  21  and  28,  1902;  Postgraduate,  Dec.,  1902, 
p.  1416;  Huxley  Lecture. 

-’Trans.  Path.  Soc.  of  London,  1902,  vol.  liii,  p.  379. 

3 Bulletin  of  the  Ayer  Clinical  Laboratory  of  the  Penna.  Hospital,  No.  2,  fan., 
1905. 

4 Lancet,  November  1,  1902;  Trans.  Path.  Soc.  of  London,  1903,  vol.  liv,  p.  1. 

5 This  matter  has  been  particularly  investigated  by  Adami  ail'd  his  students: 
Charlton  (Jour,  of  Medical  Research,  vol.  viii,  p.  344,  November,  1902)  records 
some  interesting  experiments  upon  the  production  of  anemia  by  repeated  adminis- 
tration of  sublethal  doses  of  the  colon  bacillus  and  gives  bibliography  which  will 
start  the  inquirer  on  the  track  of  previous  literature. 
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proliferation  of  unicellular  animal  parasites  indicate  that  at  least  some 
of  them  require  the  presence  of  a vegetable  organism  through  the  energy 
of  which  food  for  the  protozoon  is  made  available. 

Pure  or  simple  infections  are  probably  less  common  than  mixed  or 
concurrent  infections.  The  latter  may,  by  adding  one  toxin  to  another, 
further  embarrass  tissue  resistance  and  intensify  systemic  poisoning; 
this  is  notably  the  case  in  many  conditions.  Whatever  may  be  the 
cause  of  scarlet  fever,  its  lesions  are  greatly  intensified  by  the  coincident 
streptococcus  infection  of  the  throat;  the  same  is  true  of  the  influence 
exerted  by  the  pus-producing  organisms  in  the  pocks  of  variola.  When 
pyogenic  bacteria  invade  tuberculous  tissue,  local  disintegration  and 
systemic  intoxication  are  both  increased.  On  the  other  hand,  facts  are 
not  wanting  to  show  that  one  germ  may  antagonize  the  action  of  another; 
the  virulence  of  anthrax  bacilli  is  modified  in  cultures  containing  the 
bacillus  pyocyaneus. 

PATHS  OF  INFECTION. 

Bacteria  enter  the  tissues  in  a number  of  ways.  The  fact  that  many 
organisms  capable  of  producing  disease  are  constantly  present  on  the 
surface  of  the  body,  within  the  alimentary  canal  and  elsewhere,  estab- 
lishes that  the  various  surfaces,  both  external  and  internal,  constitute 
protective  barriers  the  efficiency  of  which  necessarily  varies.  The  fol- 
lowing are  the  principal  paths  through  which  infections  occur: 

Transplacental  infection  has  been  shown  to  be  possible  in  anthrax, 
pneumonia,  typhoid,  pyogenic  infections  in  which  the  germs  are  pres- 
ent in  the  maternal  circulation,  recurrent  fever,  smallpox,  glanders,  tuber- 
culosis, and  syphilis.  Wassermann1  collected  12  cases  in  which  tubercle 
bacilli  traversed  the  placenta.  There  are  numerous  recorded  instances 
in  which  anthrax,  both  natural  and  experimental,  passed  from  mother  to 
fetus.  Konradi2  concludes  that  it  is  possible  for  the  virus  of  rabies 
to  traverse  the  placenta.  Infection  across  the  placenta  occurs  only 
when  the  organism  is  present  in  the  maternal  blood.  It  is  probable, 
although  not  demonstrated  in  all  instances,  that  the  placenta  itself  must 
be  affected  in  order  to  permit  infectious  material  to  enter  the  fetal  circu- 
lation. It  is  well  known  that  antibodies  in  the  maternal  blood  may  reach 
the  fetus;  it  is  not  established,  however,  that  bacteria  may  pass  from  the 
mother  to  the  fetus  without  structural  changes  in  the  placenta.  Syphilis 
is  the  only  disease  in  which  we  have  reason  to  believe  that  the  fetus  may 
deleteriously  influence  the  maternal  tissues,  themselves  previously  sound; 
even  here  the  possibility  is  not  universally  admitted.  That  there  is  some 
interaction  between  the  syphilitic  fetus  and  the  maternal  tissues  is  indi- 
cated by  the  fact  that  it  may  nurse  from  the  mother  without  danger  of 
infecting  her,  but  can  infect  a wet-nurse. 

Infection  through  the  skin3  rarely  occurs  provided  the  epithelium 
is  intact.  Cutaneous  and  subcutaneous  abscesses  have  been  produced 
by  rubbing  pus-producing  cocci  into  the  skin;  the  experiment,  however, 
is  not  always  successful,  and  the  fact  that  these  organisms  are  constantly 
present  on  the  surface  of  the  body  without  producing  suppurative  lesions 
shows  conclusively  epithelial  protection.  In  a number  of  instances  I have 

1 Handbuch  der  Mikroorganismen,  Bd.  i,  p.  395. 

2Centralbl.  f.  Bakt.,  Jan.  25,  1905,  p.  60. 

•'For  article  on  the  defensive  powers  of  the  normal  skin  see  paper  by  Sabouraud, 
Bull,  de  l’lnst.  Pasteur,  1904,  vol.  ii,  p.  233. 
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observed  in  myself  and  in  my  assistants  suppurative  lesions  clearly 
beginning  in  the  hair  follicles  of  the  forearm,  and  it  is  not  improbable  that 
the  appendages  of  the  skin  (hair  follicles,  sebaceous  and  sweat  ducts) 
afford  points  for  the  deposit  of  bacteria,  which,  under  favorable  circum- 
stances, may  penetrate  the  tissues.  Many  facts  go  to  show  that  skin  of 
different  parts  of  the  body  possesses  different  degrees  of  protection;  the 
more  highly  keratinized  layers  of  the  palms  of  the  hands  and  soles  of  the 
feet  must  necessarily  be  difficult  to  penetrate.  Ordinarily  transcutaneous 
infection  occurs  through  wounds  or  abrasions  which  may  be  microscopic 
and  need  not  penetrate  the  corium.  The  diphtheria  bacillus,  the  strep- 
tococcus of  erysipelas,  and  even  the  tubercle  bacillus  have  been  known  to 
infect  blistered  surfaces. 

Infection  through  the  alimentary  canal  undoubtedly  represents  the 
most  frequent  method  by  which  bacteria  enter  the  body,  but  even  by 
this  route  the  surface  protection  in  certain  parts  is  relatively  high;  the 
thick  epithelial  layers  upon  the  buccal  mucosa,  tongue,  and  esophagus 
offer  much  greater  protection  than  the  more  thinly  clad  intestine.  The 
latter  structure  is  afforded  a certain  amount  of  protection  by  the  bac- 
tericidal activity  of  the  gastric  juice;  it  has  repeatedly  been  shown 
that  gastric  secretion  is  destructive  to  cholera  organisms,  and  that 
during  epidemics  of  cholera  gastric  indigestion  favors  the  occurrence 
of  infection.  Abrasions  about  the  mouth,  particularly  of  the  lips  and 
along  the  gingival  margin,  may  permit  the  ingress  of  pathogenic  bacteria. 
It  is  possible  for  infection  to  occur  through  carious  teeth.  Tonsillar 
infection  has,  within  recent  years,  been  shown  to  be  of  frequent  occur- 
rence. Jonathan  Wright1  holds  that  the  tonsillar  crypts  are  test-tubes 
in  which  bacterial  cultures  are  constantly  opposed  by  the  resisting  power 
of  the  tissues.  Lacunar  and  ragged  tonsils,  and  tonsils  with  plugged 
crypts,  are  particuarly  favorable  for  the  entrance  of  bacteria.  Strepto- 
cocci, staphylococci,  and  tubercle  bacilli  have  been  demonstrated  in  the 
tonsillar  tissue,  the  last  without  the  histologic  changes  of  tuberculosis.  It 
is  generally  conceded  that  tuberculosis  of  the  cervical  lymph-nodes  is 
usually  due  to  infection  through  the  tonsils.  The  depressions  and  crypts 
in  these  organs  afford  points  in  which  bacteria  are,  to  a certain  degree, 
protected;  after  recovery  from  diphtheria  (tonsillar  and  pharyngeal)  the 
bacillus  sometimes  remains  for  weeks  on  the  roughened  surfaces  of  the 
' tonsils.  The  pharynx  as  a point  for  bacterial  entrance  occupies  a position 
of  less  importance  than  the  tonsils.  Infection  through  the  esophageal 
mucosa  is  very  rare.  It  has  been  demonstrated  by  a number  of  observers 
that  bacteria  can  pass  through  an  intestinal  mucosa  which,  so  far  as  can  be 
determined,  is  intact.  Ford,2  Morgan,3  Nicholls,4  and  Wrzosek5  have 
shown  that  bacteria  are  not  infrequently  present  in  normal  tissues,  and 
Nicholls’  studies  of  the  mesentery  indicate  that  germs  may  enter  through 
the  intestine.  Typhoid  infection  is  practically  always  by  this  route. 
Cholera  organisms  proliferate  in  the  cavity  of  the  intestine  and  from 
this  point  disseminate  their  toxic  influences  throughout  the  system  with- 
out giving  rise  to  any  characteristic  local  lesion.  Bacteria  from  the  intes- 
tine may  infect  the  biliary  and  pancreatic  canals  by  continuity,  or,  passing 

1 N.  Y.  Med.  Jour.,  Feb.  16,  March  9 and  23,  April  6 and  27,  1907. 

2 Jour,  of  Hygiene,  1901,  vol.  i,  p.  277. 

3 Lancet,  July  2,  1904,  p.  21. 

4 Jour,  of  Med.  Research,  May,  1904,  p.  445. 

5 Virchows  Arch.,  Bd.  178,  p.  82. 
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through  the  intestinal  wall,  may  reach  the  portal  circulation,  lymph- 
glands  of  the  mesentery,  or,  by  way  of  the  chyle  vessels  and  thoracic 
duct,  indirectly  enter  the  circulation.  It  is  generally  conceded  that, 
in  practically  all  cases,  infections  of  the  appendix  are  from  the  intestine. 

Infection  Through  the  Air-passages. — The  normal  mucosa  of  the  nose 
and  its  accessory  sinuses  usually  destroys  bacteria  coming  in  contact 
with  it.  Once  infected,  however,  extension  may  occur  to  sinuses,  middle 
ear,  and  even  the  brain.  The  meningococcus  has  been  demonstrated  in 
the  nasal  mucosa  before  and  during  an  attack  of  meningitis,  and  Marag- 
liano1  has  produced  the  disease  by  spraying  the  nose  of  rabbits  with 
cultures  of  the  organism.  Bacteria  may  infect  the  bronchial  mucosa 
or,  passing  through  this  structure,  may  reach  the  peribronchial  lymphatics 
and  adjacent  glands.  In  a similar  way  the  pulmonary  parenchyma  and 
pleura  may  become  infected.  Recent  studies  have  modified  our  views  as 
to  the  frequency  with  which  pulmonary  tuberculosis  is  due  to  inhalation 
and  direct  infection  of  the  lung  tissue;  by  contact  with  the  mucosa  of  the 
upper  air-passages  and  bronchial  tubes  the  bacterial  content  of  the  air 
reaching  the  alveoli  is  reduced  to  a minimum. 

Infection  Through  the  Genito-urinary  System.  In  certain  diseases 
(gonorrhea)  infection  of  the  meatus  and  the  urethra  constitutes  the 
ordinary  path  of  entrance.  In  the  male,  infection  may  traverse  the 
seminal  tract  and  reach  the  testes,  from  which,  or  from  some  intermediate 
point,  the  blood  may  be  invaded.  In  the  female,  urethral  infection  and 
consequent  cystitis  are  less  constant,  but  when  the  bladder  in  either  sex 
becomes  involved  an  ascending  infection  may  traverse  the  ureters  and 
renal  pelvis,  finally  attacking  the  kidney.  In  the  female  the  birth  canal 
offers  a particularly  favorable  field  for  the  growth  of  bacteria,  and  when 
subjected  to  trauma  or  in  other  ways  injured  may  constitute  an  important 
center  from  which  dissemination  may  occur.  Gonorrhea  in  the  female 
attacks  the  vulva,  vulvovaginal  glands,  vagina,  cervix,  endometrium,  and 
Fallopian  tubes;  occasionally  infection  extends  to  the  peritoneum,  and, 
from  any  of  the  points  named,  the  gonococcus  may  enter  the  circulation. 
In  injuries  incident  to  child-birth,  abrasions  and  lacerations  in  the  birth 
canal  open  the  submucosa  through  which  both  local  and  general  infections 
may  occur. 

Infection  Through  the  Conjunctiva. — Transconjunctival  infection  is 
undoubtedly  rare  although  well  authenticated  observations  show  that 
the  gonococcus,  meningococcus,  plague  bacillus,  the  Bacillus  influenzae 
and  the  ordinary  pyococci  may  enter  through  this  atrium. 

PATHS  OF  EXTENSION. 

Once  infection  has  reached  the  connective  tissues  by  any  of  the 
routes  indicated  it  may  be  restricted  to  a local  lesion,  may  be  propagated 
by  continuity  or  by  contiguity  to  adjacent  structures,  may  extend  or  be 
carried  by  the  lymph -stream  or  invade  the  lymphatics  as  a continuous 
infection,  or,  reaching  the  circulation  by  any  path,  the  organism  may 
be  carried  and  distributed  with  the  blood.  With  regard  to  lymphatic 
extension  particular  attention  should  be  called  to  the  influence  of  lymph- 
nodes  in  limiting  the  spread  of  bacteria.  Histologically  these  structures 
possess  an  architecture  eminently  adapted  to  the  filtering  function 
which  they  clearly  manifest.  Any  infection  having  a tendency  to  ex- 

1 Gaz.  Osped.  et  Clin.,  1905,  No.  19. 
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tend  by  lymph  paths  is  commonly  shown  by  enlargement  of  the  nodes 
through  which  the  lymph  of  the  area  drains;  thus  in  syphilis,  gonorrhea, 
chancroid,  and  other  infections  of  the  genitalia  the  inguinal  nodes  enlarge. 
The  point  of  infection  in  bubonic  plague  may  be  shown  by  the  first  set  of 
nodes  infected,  infections  of  the  intestine  cause  enlargement  of  the  mesen- 
teric nodes,  and  infections  through  the  mouth  and  pharynx  commonly 
give  rise  to  swelling  in  the  anterior  cervical  nodes.  The  lymph  has  been 
shown  to  possess  certain  antitoxic  and  bactericidal1  qualities,  and  the  fact 
that  tuberculosis  may  be  restricted  to  a certain  node  or  group  of  nodes 
clearly  indicates  the  inhibiting  influence  which  these  structures  exert.2 

By  whatever  route  the  microorganism  enters  the  tissues,  it  encounters 
inhibiting  influences  with  which  it  must  contend  for  supremacy.  The 
external  barriers  are  of  value,  but  clearly  of  inferior  importance  when 
compared  with  powerful  antibacterial  properties  possessed  by  the  body- 
fluids  and  somatic  cells.  A proper  estimate  of  these  qualities  is  of  the 
highest  interest,  and  this  leads  to  a consideration  of  the  forms  of  immunity. 

1 Meltzer  and  Norris,  Jour,  of  Exp.  Med.,  vol.  ii,  No.  6. 

2 Manfredi,  Virchows  Arch.,  1899,  Bd.  civ,  p.  335. 
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BACTERIA  AS  CAUSES  OF  DISEASE.— (Continued.) 

IMMUNITY.1 

It  has  long  been  a recognized  fact  that,  having  suffered  from  an  attack 
of  certain  infectious  diseases,  the  patient  is  more  or  less  refractory  to  sub- 
sequent infection  by  the  specific  organisms  of  those  diseases.  This 
insusceptibility  differs  in  different  affections  and  is  not  the  same  in  all 
persons.  Some  of  the  eruptive  diseases,  of  which  but  one  attack  is  ever 
expected,  may  occur  in  the  same  individual  more  than  once;  Mycelius2  has 
collected  514  cases  of  smallpox,  33  of  scarlet  fever,  37  of  measles,  and  208 
of  typhoid  in  which  the  patients  had  from  two  to  four  attacks. 

A number  of  forms  of  immunity  are  now  recognized.  In  the  first 
place,  it  is  to  be  remembered  that  an  absolute  immunity  to  infection 
rarely,  if  ever,  exists.  As  a rule,  the  highest  attainable  immunity  may 
be  broken  down,  and  an  animal  naturally  possessing  extraordinary 
resistance  to  an  infection  may  be  made  susceptible.  Thus,  the  chicken, 
which  is  naturally  immune  to  anthrax,  may  be  made  susceptible  by  more 
or  less  prolonged  immersion  in  cold  water.  In  a similar  way  susceptibility 
may  be  increased  by  starvation,  improper  food,  fatigue,  shock,  hemor- 
rhage, and  associated  or  concurrent  infections.  The  influence  of  the  last- 
named  condition  in  breaking  down  a more  or  less  natural  barrier  to  infec- 
tion is  shown  by  the  rapidity  with  which  individuals  occasionally  succumb 
to  tuberculosis  of  the  lungs  consecutive  to  other  infectious  processes  in 
those  organs.  The  catarrhal  pneumonia  incident  to  measles  and  influenza 
may  afford  a suitable  nidus  for  the  lodgment  of  the  tubercle  bacillus; 
the  inflammatory  changes  induced  by  the  presence  of  foreign  bodies 
in  the  lung  may  act  as  an  etiologic  factor  in  the  induction  of  septic  pneu- 
monia. The  influence  of  dose  on  the  occurrence  of  infection  further 
illustrates  the  relationship  between  an  absolute  resistance  and  an  im- 
munity of  moderate  degree.  Buxton3  has  shown  that  1 ccm.  of  fresh 

1  The  literature  of  immunity  is  widely  distributed,  particularly  in  German,  French 
Italian,  and  English  publications.  Aschoff,  Seitenkettentheorie  u.  ihre  Anwendung 
auf  die  Kunstlichen  Immunisierungsprozesse,  1902,  extensive  bibliography ; Ritchie, 
Jour,  of  Hygiene,  vol.  i,  1902,  pp.  2x5,  251,  452,  with  references  to  106  ’ articles; 
Rosenau,  Hygienic  Laboratory  Bulletin  No.  21,  1905,  full  bibliography;  Welch, 
Brit.  Med.  Jour.,  Oct.  11,  1902.  Discussion  on  Immunity,  Brit.  Med.  Tour.,  Sept’ 
10,  1904,  p.  557;  Bulloch’s  discussion  gives  references  to  107  articles.  A summary 
of  Ehrlich’s  studies  will  be  found  in  the  Gesammelte  Arbeiten  zur  Immunitiitsfor- 
schung,  1904.  A good  review  of  the  subject  was  published  in  the  Jour.  Amer.  Med. 
Assoc.,  beginning  Jan.  28,  1905.  An  excellent  summary  will  be  found  in  Bolduan’s 
translation  of  Wassermann’s  monograph  on  Immune  Sera,  Haemolysins,  Cyto- 
toxins  and  Precipitins  and  in  Studies  in  Immunity,  by  Paul  Ehrlich  and  collabor- 
ators, collected  and  translated  by  Bolduan,  1910.  See  also  Nuttall,  Blood  Immu- 
nity and  Blood  Relationship,  and  Metchnikoff,  L ’Immunity  dans  les  maladies  infec- 
tieuses. 

2 Quoted  by  McCaskey,  Amer.  Jour,  of  the  Med.  Sci.,  July,  1902. 

3 Jour.  Med.  Research,  vol.  xiii,  p.  305. 
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normal  rabbit’s  serum  may  be  expected  to  kill  1,000,000  typhoid  bacilli, 
50,000,000  paratyphoid  organisms,  and  100,000,000  cholera  spirilla. 
Large  doses  bring  about  fatal  results,  while  smaller  doses,  even  when 
repeated,  may  only  strengthen  the  resistance  of  the  animal.  The  facts 
adduced  go  to  show  that  there  is  first  an  immunity  that  approaches 
absolute  resistance  to  the  disease,  and,  second,  there  is  a high  degree 
of  susceptibility,  which  may  be  so  marked  that  the  smallest  possible 
dose  of  an  infectious  agent  will  prove  fatal  to  the  animal  in  question. 
Between  these  two  extremes  all  possible  intermediate  forms  of  reaction 
to  infection  may  exist.  An  attempt  has  been  made  to  subdivide  these 
intermediate  gradations  of  immunity  and  susceptibility  into  an  absolute 
immunity  and  a partial  immunity.  Such  a division  is  not,  in  the  present 
state  of  our  knowledge,  possible. 

Natural  immunity  is  the  resistance  to  some  particular  form  of  infec- 
tion transmitted  from  parent  to  offspring.  This  form  of  immunity  may 
belong  to  some  particular  species  in  the  animal  kingdom  or  to  but  one 
race  of  animals.  As  examples  of  this  condition  may  be  noted  the  sus- 
ceptibility of  the  field  mouse  and  the  immunity  of  the  white  mouse  to 
glanders;  the  relative  immunity  of  the  negro  to  yellow  fever  and  malaria 
and  the  great  susceptibility  of  the  white  race. 

When  an  animal  naturally  susceptible  to  a disease  develops  immu- 
nity, the  condition  is  known  as  acquired  immunity;  this  may  be  further 
divided  into  active  and  passive  immunity. 

Active  immunity  may  be  brought  about  in  a number  of  ways.  An  indi- 
vidual having  suffered  from  an  attack  of  one  of  the  infectious  diseases, 
such  as  smallpox,  becomes  immune  to  subsequent  attacks;  the  intensity 
and  duration  of  this  immunity  varies  with  different  diseases  and  in  dif- 
ferent individuals.  Thus,  in  smallpox  immunity  is  almost  absolute; 
on  the  other  hand,  with  cholera,  and  particularly  with  erysipelas,  the 
duration  of  the  period  is  short  and  the  degree  of  immunity  never  very 
great.  In  erysipelas  some  practitioners  believe  that  one  attack  pre- 
disposes to  a second,  thus  indicating  that  instead  of  immunity  there 
may  be  increased  susceptibility. 

Acquired  immunity  may  also  be  brought  about  by  inoculation.  The 
inoculation  may  be  made  with  attenuated  microorganisms,  or  with 
such  small  doses  of  virulent  bacteria  that  the  disease  is  not  induced; 
by  gradually  increasing  the  dose  the  animal  becomes  resistant  to  a quan- 
tity of  the  infectious  agent  that  at  first  would  have  proved  rapidly  fatal. 
As  examples  of  immunity  induced  by  inoculation  with  attenuated  organ- 
isms, the  protection  afforded  to  sheep  by  inoculation  with  anthrax  bacilli, 
made  less  virulent  by  cultivation  at  high  temperatures,  may  be  cited. 
Although  at  present  we  are  not  certain  what  organisms — vegetable  or 
animal — are  active  in  cowpox,  vaccinia,  or  smallpox,  we  are  probably 
justified  in  believing  that  vaccination  induces  a form  of  immunity  prop- 
erly classified  here. 

It  appears  to  have  been  demonstrated  that  the  tubercle  bacillus 
normally  producing  tuberculosis  in  cattle  is  most  virulent  for  those  ani- 
mals, the  bacillus  producing  tuberculosis  in  chickens  most  virulent  for 
chickens,  and  the  same  rule  applies  to  the  bacilli  causing  tuberculosis 
in  cold-blooded  animals.  Recent  experiments  seem  to  indicate  that  it 
may  be  possible  to  immunize  one  species  by  the  use  of  tubercle  bacilli 
highly  virulent  for  another  but  less  so  for  the  zoologic  group  experi- 
mented upon;  working  along  this  line,  Pearson  and  Gilliland  succeeded 
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in  producing  a certain  degree  of  immunity  in  bovines  by  the  use  of  tubercle 
bacilli  of  human  origin. 

Again,  immunity  may  be  secured  by  the  use  of  bacterial  products 
without  using  the  living  organisms  themselves.  The  substances  utilized 
for  this  purpose  may  be  filtered  toxins,  derived  from  actively  growing 
virulent  organisms,  or  the  cultures  may  be  sterilized  at  temperatures 
(550  to  65°  C.)  so  low  that  the  toxins  and  proteid  constituents  of  the  bac- 
terial cell  are  not  destroyed  and  the  sterile  fluid  may  be  injected  sub- 
cutaneously or  intraperitoneally.  Haffkine’s  method  of  immunizing 
against  plague  consists  in  the  subcutaneous  injection  of  1 to  3 c.c.  of  a 
bouillon  culture  of  the  bacillus  killed  by  exposure  to  70°  C.  for  one  hour. 
Wright’s  antityphoid  inoculations  consist  of  1 c.c.  of  a heat-killed  bou- 
illon culture  of  the  bacilli.  Immunization  against,  and  treatment  of, 
tuberculosis  by  chemical  products  of  tubercle  bacilli,  while  not  fulfilling 
expectations,  has  yielded  in  some  instances  promising  results.1  The 
use  of  a sterile  filtrate  for  inducing  immunity  is  the  method  at  present 
in  vogue  for  immunizing  animals  in  the  preparation  of  diphtheria  anti- 
toxin.2 A certain  degree  of  immunity  may  be  induced  by  feeding  animals 
on  bacterial  products,  or  even  the  bacteria  themselves.  Lofifler3  showed 
that  desiccated  bacteria  subjected  to  dry  heat  at  150°  C.  are  eminently 
adapted  to  immunization;  he  has  also  used  similarly  prepared  serum. 
The  fact  that  dry  enzymes  withstand  relatively  high  temperatures  sug- 
gested to  Loffler  the  plan  which  he  followed  with  success. 

It  has  been  proposed  to  utilize  the  terms  induced,  artificial,  or  ex- 
perimental immunity  to  cover  immunity  brought  about  by  experiment 
or  inoculation,  aiid  to  limit  the  term  acquired  immunity  to  the  immunity 
that  follows  an  attack  of  disease. 

Passive  Immunity. — If  an  animal  that  has  been  rendered  immune 
by  some  of  the  methods  previously  given  be  bled,  and  the  blood,  or  the 
serum  separated  from  the  blood,  injected  into  another  animal  -not  pre- 
viously immunized,  the  second  animal  acquires  a more  or  less  tempo- 
rary immunity,  which  has  been  designated — by  reason  of  its  temporary 
character — passive  immunity. 

The  immunity  of  this  animal  is  dependent  upon  the  presence  of  anti- 
substances taken  from  an  actively  immune  animal.  These  substances 
disappear  with  a rapidity  that  varies  in  different  animals,  and  with  im- 
munity against  different  infections.  Goodman4  has  showm  that  in  passive 
immunization  in  diphtheria  the  antitoxin  disappears  from  the  blood 
before  immunity  is  wholly  lost,  and  that  the  duration  of  the  protection 
is  not  materially  influenced  by  the  quantity  of  antitoxin  administered 
provided  it  is  adequate.  The  passive  immunity  lessens  rapidly  during 
the  first  week,  probably  cannot  be  trusted  for  clinical  purposes  after  the 
second  to  fourth  week  and  only  exceptionally  is  it  demonstrable  beyond 
ten  or  twelve  weeks.  The  induction  of  this  form  of  immunity  is  of  great 
practical  importance  because  of  our  ability  to  utilize  it  in  the  prevention 
and  treatment  of  disease.  Thus,  if  a number  of  children  be  exposed  to 

1 The  literature  of  this  subject  can  be  traced  from  references  given  by  Trudeau 
and  Baldwin,  Amer.  Jour.  Med.  Sci.,  Dec.,  1898,  and  January,  1899';  see  also 
Report  of  the  Henry  Phipps  Institute  for  the  Study,  Prevention/and  Treatment  of 
Tuberculosis,  vol.  i,  1904. 

2 See  chapter  on  Bacteriologic  Technic. 

3 Deutche  med.  Woch.,  Dec.  22,  1904. 

4 Jour,  of  Infect.  Dis.,  March  30,  1908. 
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diphtheria,  a temporary  immunity  in  their  bodies  may  be  brought  about 
by  injecting  into  their  tissues  a sufficient  quantity  of  immunizing  serum. 
This  renders  them  immune  for  the  time  being,  and  they  escape  infection 
from  a single  exposure.  Again,  this  kind  of  immunity  forms  a basis  for 
the  treatment  of  the  disease  already  developed.  As  it  is  well  known  that 
tissues  are  damaged  by  toxins  of  bacteria,  any  agent  having  a tendency 
to  prevent  this  action  becomes  efficacious  in  the  treatment  of  the  disease: 
hence,  knowing  that  a child  is  already  infected  by  the  diphtheria  bacillus, 
the  toxins  being  produced  may  be  neutralized  by  introducing  into  the 
circulation  of  the  patient  a sufficient  quantity  of  the  antitoxin  removed 
from  an  animal  that  has  been  actively  immunized.  Upon  this  basis  rests 
the  present  serum  therapy  of  diphtheria  and  related  infections. 

Local  Immunity. — It  has  been  shown  that  if  the  ear  of  a rabbit  has 
been  inoculated  with  the  streptococcus  of  erysipelas  and  the  animal  has 
recovered,  a subsequent  inoculation,  made  simultaneously  upon  both 
ears,  will  be  followed  by  a more  active  inflammation  in  the  ear  that  has 
not  been  previously  inoculated.  It  is  also  known  that  granulation  tissue 
is  more  resistant  to  the  inroads  of  infection  than  the  normal  tissue  of  the 
part  involved.  Local  immunity  is  probably  both  cellular  and  antitoxic; 
the  latter  is  best  shown  by  the  ophthalmologic  studies  upon  the  local  action 
of  abrin  upon  the  conjunctiva.  Noguchi1  believes  that  the  cells 
of  locally  immune  tissues  have  undergone  some  physiological  change 
which  may  persist  for  months;  resistance  may  be  due  to  ability  upon 
the  part  of  cells  to  withstand  the  action  of  toxins,  it  may  be  the  result 
of  local  antitoxin  production.  The  foregoing  facts  indicate  the  presence 
of  a resistance  more  or  less  restricted  to  limited  areas.  Whether  this 
resistance  is  due  to  the  presence  of  inflammatory  products  or  to  some 
peculiar  antibody  not  diffused  by  the  circulating  fluids  has  not  been 
determined. 

A careful  study  of  the  problems  in  immunity  shows  that  for  the  suc- 
cessful prevention  or  cure  of  bacterial  diseases  it  is  necessary  to  recog- 
nize two  distinct,  groups,  which,  however,  undoubtedly  overlap  each 
other.  In  one  of  these  the  dominant  symptoms  and  lesions  are  due  to 
the  toxic  action  of  extracellular  poisons;  this  is  especially  true  of  diph- 
theria and  tetanus.  In  diseases  belonging  to  this  class  the  immunity 
depends  upon  neutralizing  the  extracellular  toxins  and  need  not  be  spe- 
cifically directed  toward  destruction  of  the  organism.  In  this  class  pro- 
tection depends  upon  what  has  been  called  antitoxic  immunity.  In  a 
second  group  of  diseases  the  extracellular  toxins  are  of  far  less  importance 
than  those  poisons  which  develop  and  are  retained,  during  the  life  of  a 
germ,  within  the  protoplasm  of  the  bacterial  cell.  In  diseases  due  to 
bacteria  belonging  to  this  class  (typhoid,  cholera,  etc.)  destruction  of  the 
germ  or  at  least  neutralization  of  the  endotoxin  is  necessary  to  accom- 
plish the  desired  result.  The  antagonism  is  directed  toward  the  bacterial 
cell;  the  germ  must  be  prevented  from  multiplying,  and  in  order  to  ac- 
complish this  a bacteriolytic  immunity  is  necessary. 

Theories  of  Immunity. — As  far  back  as  the  early  years  of  the  eigh- 
teenth century  it  was  known  in  Europe  that  the  Turks  inoculated  their 
children  with  smallpox  matter,  in  the  hope  of  bringing  on  a mild  attack 
of  the  disease  and  thereby  inducing  an  immunity.  To  Lady  Mary 
Wortley  Montague  belongs  the  honor  of  first  calling  serious  attention 

‘Jour,  of  Expcr.  Med.,  May  25,  1907. 
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to  this  practice,  in  a letter  addressed  to  her  friends  in  England,  and  dated 
March  23,  1718.  In  this  letter  is  described  the  inoculation  of  her  young 
son  with  smallpox  matter.  Jenner’s  remarkable  discovery  of  the  im- 
munity conferred  by  the  cow-pox  virus  shortly  followed.  The  more 
definite  knowledge  of  the  causes  of  disease  afforded  by  the  demonstration 
of  bacteria  as  essential  agents  in  the  production  of  many  affections  prom- 
ised a new  field  of  research,  which,  during  the  last  two  decades,  has  yielded 
so  abundantly  that  it  now  becomes  possible  more  fully  to  interpret  many 
facts  previously  unappreciated  or  totally  obscure. 

The  exhaustion,  accumulation,  and  related  theories.  Klebs  and  Pas- 
teur believed  that,  in  the  first  attack,  something  in  the  system  essential 
to  the  life  of  the  organism  became  exhausted,  and  the  germ  died.  A 
recurrence  of  the  disease  wholly  depended  upon  a renewal  of  this  sub- 
stance, and  in  the  interim  the  person  possessed  an  immunity  to  the  disease. 


Fig.  ii. — Cells  from  Exudate,  Case  of  Empyema. 

The  large  hyaline  cells  (macrophagocytes)  contain  many  pneumococci. 

Chauveau,  supported  by  many  eminent  bacteriologists,  believed  that 
the  immunity  depended  upon  the  accumulation  in  the  system  of  bac- 
terial products  that,  having  arrived  at  a certain  degree  of  concentration, 
are  incompatible  with  germ  life. 

Grawitz  explained  the  induction  of  immunity  by  assuming  that  in 
infectious  diseases  a conflict  between  the  cells  of  the  body  and  the  germs 
of  disease  ensues  immediately  upon  the  introduction  of  the  latter  into 
the  tissues.  If  the  cells  are  victorious  in  the  combat,  they  ever  after 
should  possess  increased  power  of  resistance  to  this  particular  germ,  and, 
in  fact,  be  able  to  destroy  it  immediately  upon  its  entrance  into  the  tissues. 

Buchner  promulgated  an  explanation  that  was  a slight  modification 
of  Grawitz’s  hypothesis.  He  assumed  that  in  every  infection  there  is 
an  inflammatory  reaction  at  the  point  where  the  germs  localize,  and 
that  an  alteration  in  the  cells  is  thereby  induced  that  subsequently  enables 
the  cells  of  the  economy  to  resist  and  destroy  that  particular  germ. 

Metchnikoff  next  advanced  the  theory  of  phagocytosis,  which  he  has 
enthusiastically  defended  through  all  the  controversy  that  has  arisen 
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since  its  introduction,  and,  by  adapting  it  to  newly  acquired  facts,  has 
succeeded  in  maintaining  for  it  a position  in  the  first  rank  among  the 
various  explanations  that  have  been  offered  for  the  phenomena  of 
immunity.1  He  believes  that  the  ameboid  cells  of  the  body  take  into 
their  substance  the  bacteria,  just  as  they  would  a particle  of  foreign 
matter  or  an  article  of  food,  and,  appropriating  a portion  to  their  own 
use,  throw  off  the  remainder  into  the  blood,  to  be  carried  to  and  excreted 
by  the  emunctories.  Although  many  cells  of  the  body  are  competent 
to  perform  the  function  of  phagocytosis,  the  typical  phagocytes  are: 
(i)  The  microphagocyte  of  Metchnikoff,  identical  with  the  neutrophile 
and  amphophile  cells  of  Ehrlich,  the  polynuclear  leukocyte,  or  the  finely 
granular  oxyphile  cell  of  Kanthack  and  Hardy;  (2)  the  macrophago- 
cyte of  Metchnikoff,  or  large  lymphocyte  of  Ehrlich,  or  hyaline  cell  of 
Kanthack  and  Hardy;2  (3)  endothelium,  particularly  the  endothelial  cells 
of  the  blood  capillaries,  and  partly,  although  to  a somewhat  unknown 
extent,  the  endothelium  of  the  lymphatics,  and  even  large  lymph-spaces, 
such  as  the  serous  membranes;  (4)  other  mesoblastic  cells,  particularly 
during  active  proliferation  or  when  subjected  to  irritation.  In  this  last 
group  belong  the  polyblasts  and  fibroblasts  of  embryonic  and  granu- 
lation tissues,  and  possibly  similar  cells  produced  under  other  circum- 
stances.3 Leishmann  has  devised  a method  of  measuring  the  phagocytic 
power  of  leukocytes.  Wright  and  Douglas4  have  shown  that  the  blood- 
plasma  and  serum  contain  substances  which  alter  bacteria  and  facilitate 
phagocytosis;  the  exact  nature  of  the  change  in  the  germ  has  not  been 
determined,  although  there  are  reasons  for  believing  that  it  is  chemical 
and  affects  the  outer  part  of  the  microorganism;  the  altered  cell  is  said 
to  be  sensitized,  and  the  process  is  called  sensitization.  The  bodies  pos- 
sessing this  quality  are  called  opsonins;  they  are  found  in  normal  blood, 
are  to  a large  extent  rendered  inert  by  temperatures  exceeding  6o°  C., 
are  reduced  during  certain  stages  of  some  diseases,  and  by  suitable  methods 
may  be  experimentally  or  therapeutically  increased.  For  therapeutic 
purposes  the  hypodermic  injection  of  killed  bacteria  in  doses  of  from  one 
million  to  several  millions  is  used.  In  most  instances  this  is  followed  by  a 
temporary  reduction  in  phagocytic  power  of  leukocytes,  a negative  phase, 
which,  after  persisting  from  a few  hours  to  a day  or  so,  is,  in  suitable  cases, 
succeeded  by  a rise  in  phagocytic  power — a positive  phase.  The  killed 
bacteria  administered  constitute  the  vaccine  and  the  method  is  known 
by  various  names  such  as  bacterial  therapy,  opsonization,  and  vaccine 
therapy.  The  success  of  the  treatment5  depends  upon  ability  to  super- 
impose positive  phases,  thereby  greatly  enhancing  the  phagocytic  activity 
of  the  patient’s  blood. 

Nuttall,  Buchner,  and  others  having  demonstrated  the  bacterial 
powers  of  the  blood,  Fodor  was  led  to  believe  that  immunity  depended 

1 Metchnikoff,  Immunity  in  Infectious  Disease.  Discussion  on  Phagocytosis, 
Brit.  Med.  Jour.,  Nov.  16,  1907,  p.  1409. 

2 For  classification  and  description  of  these  leukocytes  see  table  in  chapter  on 
Pathology  of  the  Blood,  Part  II,  Chapter  I. 

3 For  further  consideration  of  phagocytosis  the  reader  is  referred  to  the  article  on 
Inflammation. 

4 For  full  exposition  of  researches  on  opsonins  sec  Wright,  Studies  on  Immunisa- 
tion and  Their  Application  to  the  Diagnosis  and  Treatment  of  Bacterial  Infections, 
1909. 

5 For  full  discussion  of  opsonic  therapy  see  Wright,  reference  given  above,  also 
Allen,  Vaccine  Therapy,  Its  Theory  and  Practice,  1910. 
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upon  the  presence  in  the  body-fluids  of  materials  destructive  to  the 
bacteria.  Buchner  and  Hankin  showed  the  presence  in  the  blood  of 
certain  bodies  they  called  alexins,  and  upon  the  activity  of  which  im- 
munity was  believed  to  depend.  It  was  shown,  however,  that  the  bacteri- 
cidal properties  of  the  various  sera  did  not  prevent  the  cultivation  of 
bacteria  upon  them,  nor,  when  such  sera  were  taken  from  animals  natur- 
ally immune  and  injected  into  susceptible  animals,  did  they  produce 
immunity.  Metchnikoff  held  that  the  protective  agencies  in  the  sera 
arose  from  phagolysis  (dissolution  of  the  leukocytes)  and  the  retention 
in  the  blood  of  the  anti-infectious  agent  normally  produced  and  found 
within  the  phagocytic  cells.  Extracts  of  leukocytes  contain  bactericidal 
substances  differing  from  those  found  in  serum;  the  former  resist  70°  C., 
the  latter  are  rendered  inactive  at  about  56°  C.  Zinsser1  believes  the 
bactericidal  power  of  leukocytic  extracts  insignificant  when  compared 
with  that  of  serum. 

As  a result  of  the  data  cited  and  others  acquired  later,  there  has 
gradually  been  evolved  the  cellulohumoral  theory  of  immunity,  which 
best  accords  with  the  facts  established  by  experience  or  elucidated  by 
research.  This  theory  presumes  that  there  are  certain  “ anti-bodies ” 
present  in  the  cells  and  body-juices  of  an  animal,  no  matter  what  form 
of  acquired  immunity  it  may  possess.  As  the  name  indicates,  the  cellulo- 
humoral theory  is  based  upon  the  belief  that  these  substances  are  present 
in  the  body-juices  as  well  as  in  the  cells,  while  at  the  same  time  the  tend- 
ency of  investigators  is  to  believe  that  these  protective  agents  are  produced 
by  the  somatic  cells. 

In  1897  Ehrlich  announced  his  hypothesis,  known  as  the  side-chain 
theory  of  immunity,  which  has  largely  replaced  the  older  Views.  While 
necessarily  somewhat  complex,  it  best  explains  many  facts  which  other 
theories  less  clearly  elucidated.  Like  Metchnikoff’s  theory  of  phago- 
cytosis, Ehrlich’s  explanation  is  based  upon  normal  nutritional  processes 
in  the  body-cells.  The  former  observer  held  that  the  leukocyte  obtained 
its  nutrition,  at  least  in  part,  by  englobulating  food  particles  coming 
within  its  reach,  and  this  physiologic  attribute  of  the  cell  become  a protec- 
tive mechanism  in  the  destruction  of  bacteria.  Ehrlich  assumes  that 
each  cell  possesses  special  chemic  affinities  which  enable  it  to  attract  and 
attach  to  itself  substances  necessary  for  its  nutrition;  he  compares  these 
hypothetic  bodies  to  the  side-chains  of  certain  chemicals  having  highly 
complex  molecules.  Diagrams  illustrating  the  theory  necessarily  con- 
vey the  impression  that  these  side-chains  are  morphologic  entities;  such, 
however,  is  not  the  case.  The  structure  of  cells  gives  no  hint  of  the 
presence  of  such  bodies;  they  are  chemic  and  not  morphologic  parts 
of  the  cells.  It  is  supposed  that  in  the  normal  nutrition  of  the  cell,  each 
food  molecule  that  it  assimilates  enters  by  a different  chemic  combin- 
ation with  the  cell  protoplasm.  This  path  by  which  the  cell  takes  food 
constitutes  what  Ehrlich  originally  termed  a side-chain,  but  which  later 
he  designated  a receptor;  necessarily  the  multitudinous  receptors  by 
which  each  cell  obtains  its  nutrition  must  differ  chemically,  and  the 
receptors  of  different  cells  must  also  be  dissimilar.  Toxins  circulating 
in  the  blood  are  attached  to  the  cell  by  the  same  mechanism  as  the  nutri- 
tional elements;  in  other  words,  by  the  receptors.  If  the  quantity  of  the 
poison  be  sufficient,  the  cell  is  destroyed.  If,  on  the  other  hand,  the 

1 Jour,  of  Med.  Research,  June,  1910,  p.  397. 
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poison  be  in  small  amounts,  the  particular  receptors  only  are  affected. 
Weigert  called  attention  to  the  fact  that  in  the  process  of  repair  the 
tissues  always  manifest  a tendency  to  exceed  the  absolute  requirements 
for  the  restitution  of  structure,  and  Ehrlich  applied  this  observation  to 
explain  the  formation  of  antitoxin.  If  a given  receptor  or  set  of  recep- 
tors is  constantly  attacked,  the  tendency  of  the  cell  will  be  to  reproduce 
these  structures  in  increasing  quantities.  Eventually  the  surplus  re- 
ceptors are  thrown  off  into  the  body-fluids  with  which  they  circulate.  If 
the  poison  enter  the  circulation,  the  fluids  of  which  are  already  surcharged 
with  suitable  combining  elements  (receptors),  it  becomes  at  once  attached 
to  these  substances,  is  neutralized,  and  the  cells  escape.  The  free  re- 
ceptors circulating  in  the  blood  and  possessing  the  power  to  neutralize 
toxins  are  the  antitoxins. 

It  will  be  observed  that  the  theory  just  outlined  offers  an  explana- 
tion for  (i)  natural  immunity  in  which  it  is  possible  to  conceive  that 
(a)  the  cells  of  the  immune  animal  possess  no  receptors  suitable  for  the 
particular  poison,  or,  (6)  the  body-fluids  of  the  animal  may  be  surcharged 
with  receptors  which  anchor  the  incoming  poison  and  prevent  it  from 
attacking  the  cell.  (2)  It  gives  a satisfactory  reason  for  the  occurrence 
of  acquired  immunity,  whether  produced  by  an  attack  of  the  disease, 
the  administration  of  bacterial  products,  dead  or  living  bacteria,  or  by 
other  methods  of  vaccination.  (3)  It  elucidates  the  occurrence  of  pas- 
sive immunity  produced  by  injecting  the  blood  or  serum  of  an  immune 
into  a non-jmmune  animal.  (4)  It  explains  the  presence  of  antitoxin 
in  the  blood  and  gives  an  adequate  reason  for  its  continued  manufacture 
by  the  cells.  (5)  The  receptors  attacked  are  those  having  special  affini- 
ties for  the  poisons  influencing  them,  and  as  these  only  are  regenerated, 
it  becomes  evident  why  antitoxic  substances  possess  such  striking  speci- 
ficity— the  antitoxin  of  diphtheria  neutralizing  the  poison  of  that  organism, 
the  antitoxin  of  tetanus  neutralizing  the  poison  of  the  tetanus  bacillus, 
but  neither  antitoxin  exerting  any  specific  influence  upon  the  poison  pro- 
duced by  the  other  organism.  (6)  Aside  from  its  application  to  the 
problem  of  immunity,  this  theory  also  offers  an  explanation  for  the  well- 
known  fact  that  infectious  diseases  are  characterized  by  the  occurrence 
of  a more  or  less  definite  time  between  exposure  to  infection  and  the 
development  of  symptoms;  this  is  ordinarily  called  the  period  of  incu- 
bation, and  corresponds  to  the  time  necessary  for  the  specific  organism 
to  grow,  produce  its  poison,  and  permit  this  toxin  to  attack  the  cells  with 
sufficient  intensity  to  disturb  their  function  and  give  rise  to  symptoms. 

Ehrlich  found  that  he  could  immunize  animals  to  such  poisons  as 
abrin  and  ricin,  and  that  the  process  of  tissue  immunization  is  not  re- 
stricted to  antagonism  against  bacterial  poisons  alone.  A number  of 
observers  have  shown  that  it  is  possible  for  the  toxin  molecule  to  manifest 
a great  reduction,  amounting  in  some  instances  almost  to  an  entire  loss 
of  toxic  properties,  although  its  power  to  combine  with  the  antitoxin 
is  retained.  Such  toxins  are  called  toxoids.  The  demonstration  of  this 
fact  led  Ehrlich  to  believe  that  the  toxin  molecule  possessed  two  groups: 
one  by  which  union  with  the  cell  occurred,  haptophore  group ; and  the 
other  by  which  the  destructive  action  of  the  toxin  was  manifested,  the 
toxophore  group.  The  combination  between  toxin  and  antitoxin  re- 
sembles chemic  union  in  that  it  is  more  rapid  at  high  temperatures  than 
low,  and  less  intimate  in  weak  than  in  concentrated  solutions;  further, 
it  follows  the  law  of  multiples,  as  shown  by  the  fact  that  if  the  quantity 
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of  antitoxin  necessary  to  neutralize  the  minimum  lethal  dose  of  the 
toxin  is  increased  ten  times  and  mixed  with  ten  minimum  lethal  doses, 
neutralization  will  be  complete.1 

Cytolysis  and  Bacteriolysis. — It  will  be  seen  that  the  foregoing  sum- 
man  of  Ehrlich  s views  explains  the  phenomena  of  antitoxic  immunity, 
but  for  reasons  given  below  must  be  modified  in  order  to  elucidate  bac- 
teriolytic immunity.  Recent  studies  in  cytolysis,  especially  hemolysis, 
have  shown  that  the  process  by  which  the  protective  forces  of  the  body 
antagonize  foreign  blood-cells,  operates  in  a manner  essentially  identical 
with  the  methods  by  which  bacteria  are  destroyed.  It  is  evident  that 
entirely  different  agents  accomplish  the  destruction,  but  their  methods 
of  operation  appear  to  be  identical.  In  consideration  of  this  type  of 
immunity  it  is  to  be  borne  in  mind  that  the  statements  which  follow 
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Fig.  12. — Diagram  Illustrating  Ehrlich’s  Views  Concerning  the  Union  Between  Toxin  and  Cell. 

A,  Toxin  molecule,  of  which  B is  the  toxophore  group  and  C the  haptophore  group  . D.  cell  receptor.  E.  E 
Receptors  not  adapted  to  combination  with  the  particular  toxin  A,  but  might  combine  with  other 
toxins  possessing  appropriate  haptophore  groups. 

Fig.  13. — Diagram  Illustrating  Ehrlich’s  Views  Concerning  the  Union  between  Complement, 
Immune  Body,  and  Cell  in  the  Process  op  Cytolysis  Including  Hemolysis  and  Bacteriolysis. 

A,  Complement  of  which  B is  the  zymotoxic  or  cytotoxic  group  and  C the  haptophore  group  which  at  D 
joins  with  the  complementophile  group  of  the  amboceptor.  E,  Amboceptor  or  immune  body  of  which 
F is  the  complementophile  group  and  G the  cytophile  haptophoric  group.  H,  Cell  receptor.  I,  7, 
Receptors  not  adapted  to  combination  with  the  particular  immune  body  E,  but  might  combine  with 
other  amboceptors  possessing  appropriate  cytophile  haptophoric  groups. 


apply  to  bacteriolysis  and  cytolysis,  bacteriolytic  and  cytolytic  immuni- 
ties. As  already  stated,  Fodor,  Nuttall,  Buchner,  and  others,  have 
shown  that  blood-serum  possesses  the  power  of  destroying  bacteria. 
Buchner  attributed  this  quality  to  substances  he  called  alexins.  It  was 
first  demonstrated  by  Bordet  that  if  bacteriolytic  blood  or  serum  were 
subjected  to  a temperature  of  56°  C.  for  half  an  hour,  the  cytolytic  or 
bacteriolytic  property  was  lost  and  the  serum  rendered  inactive.  If 
to  this  inactivated  serum  there  was  added  a small  quantity  of  blood  or 
serum  from  an  animal  of  the  same  species  not  immunized  to  the  par- 
ticular germ  or  cell  upon  which  the  experiment  was  being  conducted, 
the  inactivated  fluid  reacquired  its  property  of  destroying  the  germ 
or  other  cell;  in  fact,  became  reactivated.  This  experiment  clearly 


’For  standardizing  antitoxin  see  chapter  on  Bacteriologic  Technic. 
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demonstrated  that  cytolytic  and  bacteriolytic  activities  depend,  in  each 
instance,  upon  the  presence  of  two  substances,  one  of  which  is  destroyed 
at  56°  C.  (thermolabile  body),  the  other  resisting  higher  temperatures 
(thermostable).  The  substance  present  in  normal  blood  and  easily 
rendered  inert  by  heat  is  called  the  complement,  alexin,  cytase  or  addi- 
ment.  In  the  following  description  the  term  complement  will  be  used. 
The  heat-resisting  substance  is  known  as  the  intermediary  or  interme- 
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Fig.  14. — Modification  of  Fischer’s  Schematic  Comparison  Between  Hand,  Lock  and  Key  and 
the  Bodies  Participating  in  Cytolysis  and  Bacteriolysis. 

diate  body,  immune  body,  substance  sensibilisatrice,  amboceptor,  fixator, 
sensitizer,  philocytase,  copula,  desmon,  preparator,  and  immunisin',  of 
these,  amboceptor  and  immune  body  are  commonly  employed.  For  the 
production  of  cytolysis  or  bacteriolysis  it  is  necessary  for  the  cell  to 
possess  a receptor  the  molecular  constitution  of  which  is  adapted  to 
combination  with  the  cytophile  haptophoric  group  of  the  immune  body, 
the  latter  in  turn  combining  by  its  complementophile  group  with  the 
haptophoric  group  of  the  complement;  the  zymotic  group  of  the  com- 
plement acts  through  the  chain  formed  by  the  foregoing  combination. 
The  absence  of  any  one  of  these  conditions  prevents  the  occurrence  of 
cytolysis.  In  order  properly  to  grasp  the  relation  between  the  com- 
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plement,  immune  body,  or  amboceptor  and  the  cell  or  bacterium  to  be 
destroyed,  Fischer  used  as  an  illustration  a lock  and  key  and  the  hand 
used  to  turn  the  latter.  For  the  reader’s  comprehension  of  the  problem 
the  accompanying  illustration  may  be  helpful  (see  Fig.  14).  The  key  fits 
but  one  lock;  the  hand  may  operate  many  keys. 

A solution  containing  both  immune  body  and  complement  may  be 
deprived  of  either,  leaving  the  other,  which,  if  injected  into  an  animal, 
gives  rise  to  an  antibody  possessing  the  power  of  antagonizing  or  neu- 
tralizing the  substance  used  in  the  injection.  As  already  stated,  serum 
heated  to  550  or  56°  C.  is  inactivated  as  a result  of  destruction  of  the  com- 
plement; it  still  contains,  however,  the  immune  body.  The  removal  of 
the  latter  substance  from  the  mixture  containing  both  is  somewhat  more 
complex,  but  may  be  accomplished  in  the  following  manner:  If  the 

serum  of  a rabbit  immunized  to  bovine  red  blood-cells  be  mixed  with  the 
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Fig.  15.  Fig.  16. 

Diagram  illustrating  Ehrlich’s  views  concerning  the  action  of  (Fig.  15),  anti-immune  body,  and  (Fig.  16) 
anti-complement  in  preventing  cytolysis,  including  hemolysis  and  bacteriolysis.  X (Fig.  15),  Anti- 
immune  body  or  anti-amboceptor.  Y (Fig.  16),  Anti-complement.  The  other  letters  have  the  same 
significance  in  both  figures. 

Complement  of  which  B is  the  zymotoxic  or  cytotoxic  group  and  C the  haptophore  group,  which  in  the 
first  figure  combines  at  D with  the  complementophile  group  of  the  amboceptor  or  immune  body;  in 
the  second  figure  this  combination  is  prevented  by  the  intervention  of  the  anti-complement  Y.  E, 
Immune  body  or  amboceptor,  of  which  F is  the  complementophile  group  and  G the  cytophile  hapto- 
phoric  group  which  in  the  second  figure  combines  with  the  cell  receptor  H;  in  the  first  figure  this 
combination  is  prevented  by  the  intervention  of  the  anti-immune  body  or  anti-amboceptor  X.  1,1, 
Receptors  not  adapted  to  combination  with  the  particular  immune  body  E,  but  might  join  other  am- 
boceptors having  appropriate  cytophile  haptophoric  groups. 

It  will  be  seen  that  either  anti-amboceptor  or  anti-complement  prevents  cytolysis,  including  hemolysis  and 
bacteriolysis,  by  interfering  with  the  combination  of  complement,  immune  body  and  cell  receptor,  a 
three  of  which  must  unite  in  order  to  act  on  the  body  of  cell  or  germ. 


bovine  erythrocytes  at  ordinary  temperatures,  hemolysis  occurs;  if, 
however,  the  mixture  is  kept  at  or  about  o°  C.,  the  immune  body  combines 
with  the  cells,  hemolysis  being  prevented  by  the  fact  that,  at  this  tem- 
perature, the  complement  is  inactive.  The  red  cells  may  be  removed 
by  sedimentation,  and  if  redistributed  in  a solution  containing  comple- 
ment, at  the  proper  temperature,  promptly  undergo  hemolysis.  It  can 
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be  shown  that  the  fluid  from  which  the  red  cells  were  removed  still  re- 
tains the  complement.  The  method  by  which  anticomplement  and 
anti-immune  body  intervene  in  the  prevention  of  hemolysis  is  indicated 
by  the  accompanying  diagram  (see  Figs.  15  and  16). 

The  scope  of  this  work  does  not  permit  a discussion  of  the  multi- 
plicity of  complement  or  the  limitations  within  which  the  immune  body 
is  specific.  Experiments  indicate  that  complement  interacts  with  many 
amboceptors  and  that  immune  bodies  within  certain  limits  are  specific.1 
With  regard  to  the  source  of  the  complement,  Metchnikoff  and  his  students 
strongly  maintain  that  it  is  derived  from  the  leukocytes;  assuming  its 
production  by  the  microphagocyte  or  the  macrophagocyte,  he  recog- 
nizes two  types,  the  microcytase  and  the  macrocytase.  Abbott  and 
Bergey  have  shown  that  alcohol  may  decrease  or  attenuate  the  com- 
plement. Ehrlich  and  Morgenroth  found  that  phosphorus  produced 
a similar  action.  Nolf,  Muller,  and  others  have  shown  that  it  is  possible 
to  increase  the  complement.2  Longcope3  has  demonstrated  that  in 
normal  individuals  fluctuations  in  the  bacteriolytic  complement  of  the 
blood  occurs,  and  that  in  many  chronic  affections,  such  as  nephritis, 
cirrhosis  of  the  liver,  and  diabetes,  there  is  a marked  decrease  in  the 
complement,  and  that  terminal  and  agonal  infections  are  probably  due 
to  this  fact. 

Welch4  made  a most  suggestive  extension  of  Ehrlich’s  receptor  theory; 
he  inquires  whether  it  would  not  be  possible  for  the  living  germ  to  react 
to  the  body-cells  and  juices,  just  as  Ehrlich’s  views  indicate  that  the  body- 
cells  are  led  to  produce  antisubstances  by  stimuli  coming  from  the  bac- 
terial poisons.  This  implies  that  the  bacterial  cells  are  possessed  of 
receptors  which,  when  damaged  by  combination  with  haptophore  groups 
produced  in  the  tissues  of  the  host,  would  lead  to  reaction  on  the  part  of 
the  germ  which  in  turn  might  produce  and  liberate  receptors  in  excess, 
just  as  the  animal  cells  are  supposed  to  do.  This  suggestive  hypothesis 
explains  how  it  is  possible  to  augment  the  virulence  of  a given  germ  by 
successive  inoculations  into  animals.  Walker5  has  shown  that  bacteria 
cultivated  on  immune  sera  become  more  virulent,  thus  indicating  that 
something  in  the  culture  medium  stimulates  the  germ,  giving  rise  to  in- 
creased toxin  production  or  the  elaboration  of  poison  possessing  heigh- 
tened toxicity.  Aggressins6  are  hypothetic  bodies,  thought  to  be  pro- 
duced by  bacteria  and  able  to  influence  phagocytosis  unfavorably.  They 
are  present  in  exudates  following  inoculation  and,  when  introduced  along 
with  the  associated  microorganism,  appear  to  facilitate  the  growth  of 
the  germ  by  lessening  the  resistance  of  the  infected  animal.  Aggressins 
have  not  been  universally  accepted;  most  of  the  observed  facts  supposed 
to  establish  the  existence  of  such  bodies  may  be  explained  in  other  ways. 

1 Literature  bearing  on  multiplicity  of  complements  and  specificity  of  immune 
bodies  is  widely  distributed.  In  addition  to  the  references  given  on  preceding 
pages  see  Pearce,  Albany  Med.  Annals,  Aug.,  1904;  also  Longcope ’s  article  cited 
below,  and  Woltmann,  Jour.  Exp.  Med.,  vol.  vii,  No.  2. 

2 For  interesting  experiments  on  this  subject  and  citations  from  literature,  see 
Sweet,  Univ.  Penna.  Med.  Bull.,  December,  1902. 

3 Univ.  Penna.  Med.  Bull.,  November,  1902. 

4 Brit.  Med.  Jour.,  Oct.  11,  1902. 

5 Jour,  of  Pathology,  March,  1902. 

6 Literature  may  be  traced  from  Bail  and  Weil,  Centralbl.  f.  Bakt.,  Bd.  xl,  and 
Bd.  xlii,  1906;  Strong,  Philippine  Jour,  of  Sci.,  June,  1906;  Sauerback,  Zeit.  f.  Hyg., 
lvi,  1907. 
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Pfeiffer  found  that  if  cholera  spirilla  were  introduced  into  the  peri- 
toneal cavity  of  rabbits  immunized  to  that  organism  the  bacteria  became 
motionless,  collected  in  groups  (agglutination),  and  finally  dissolved 
(bacteriolysis).  This  observation  ( Pfeiffer's  phenomenon)  was  the  start- 
ing-point of  many  experimental  studies.  It  was  thought  for  a time  that 
agglutination  was  a necessary  part  of  bacteriolysis;  this  is  now  known 
not  to  be  the  case.  The  agglutinins 1 resist  temperatures  (6o°  C.)  de- 
structive to  the  complements  active  in  bacteriolysis.  A serum  that  is 
both  agglutinative  and  bacteriolytic  may  be  deprived  of  the  latter  prop- 
erty without  loss  of  the  former.  Agglutinins  possess  a haptophore  and 
an  agglutinophore  group,  and  the  cells  (bacterial  or  somatic)  influenced 
by  these  agents  contain  an  agglutinable  substance  which  in  turn  pos- 
sesses two  haptophore  groups.  The  development  of  agglutinins  in  the 
blood,  particularly  in  typhoid,1 2  paratyphoid,  and  Malta  fevers,  is  of 
great  aid  in  diagnosis.  It  has  been  found  that  blood-serum  in  malaria 
contains  agglutinins  for  the  erythrocytes  of  the  noninfected,  and  that 
under  certain  conditions  agglutinins  for  animal  parasites  (trypanosomes) 
may  develop. 

The  source  of  agglutinins  remains  undetermined.  For  the  colon 
bacilli  they  are  absent  or  at  most  scanty  in  infancy  but  often  become 
abundant  later  in  life;  so  far  as  the  relation  of  age  has  been  investigated 
what  is  true  of  colon  bacteria  in  a general  way  applies  to  a number  of 
agglutinable  organisms;  the  agglutinins  do  not  under  normal  conditions 
appear  to  be  inborn.  Their  formation  later  suggests  that  the  individual 
is  constantly  building  antagonisms  to  bacteria  threatening  his  tissues, 
and  that  many  minor,  unrecognized  or  at  least  clinically  unimportant 
infections  come  and  go,  each  leaving  the  individual  better  prepared  to 
cope  with  another  invasion.  During  experimental  immunization  and 
in  diseases  such  as  those  mentioned  the  normal  agglutinins  are  greatly 
increased.  As  a factor  in  diagnosis  strictly  specific  agglutination  would 
be  desirable;  experimentally  and  clinically  it  is  rarely  if  ever  attained. 
Agglutinins  contained  in  most  normal  bloods  are  nonspecific  and  in  order 
to  escape  error  resulting  from  their  action,  any  serum  investigated  should 
be  diluted,  at  least  one  part  of  the  serum  to  forty  parts  of  the  diluent 
(Stern).  On  the  basis  of  our  knowledge  of  antigens  the  substances 
introduced  in  the  tissues  and  causing  the  formation  of  agglutinins  would 
be  called  agglutinogens  and  the  specificity  of  the  latter  would  determine 
the  specificity  of  the  former.  In  fact  agglutinins  constantly  manifest 
what  has  been  called  “ group  reaction ”;  thus  during  immunization  by 
the  Bacillus  typhosus  the  blood  is  found  to  agglutinate  not  only  that 
organism  but  also  paratyphoid,  colon  and  dysentery  bacilli  but  always, 
and  this  is  highly  important,  the  agglutination  of  other  members  of  the 
group  requires  a much  greater  concentration  of  the  serum  than  is  neces- 
sary for  the  particular  organism  used  in  producing  the  agglutinin.  A 
number  of  agglutinins  appear  to  have  been  produced;  one,  the  chief  or 
major,  is  responsive  to  the  organism  used  for  immunization,  the  others  are 

1 Landsteiner  and  Eisler,  Centralbl.  f.  Bakt.,  1905,  Bd.  xxxix,  H.  3,  p.  309; 
Porges,  Centralbl.  f.  Bakt.,  1905,  Bd.  xxxix,  H.  3,  p.  319;  Dreyer,  Jour,  of  Path,  and 
Bact.,  Tan.,  1906,  p.  2;  Wilson,  Jour,  of  Hygiene,  Nov.,  1909,  p.  316;  Scheller, 
Centralbl.  f.  Bakt.,  Bd.  liv,  H.  2,  March,  1910,  p.  150. 

2 For  method  of  Widal’s  test  in  the  diagnosis  of  typhoid  fever  see  chapter  on 
Bacteriologic  Technic.  Review  of  Literature  on  the  subject  by  Rosenberger,  pub- 
lications from  the  Laboratories  of  the  Jefferson  Medical  College  Hospital,  vol.  i,  1904. 
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called  secondary,  partial  or  minor  agglutinins.  Dunbar  suggested  the 
following  explanation  of  this  reaction:  If  the  typhoid  bacillus  furnishes 

agglutinogens  a,  b,  c,  d,  e,  and  the  paratyphoid  c,  d,  e,  f,  g,  it  is  evident 
that  serum  derived  from  an  animal  immunized  to  the  first  organism 
will  contain  agglutinins  A,  B,  C,  D,  E,  and  to  the  second,  agglutinins 
C,  D,  E,  F,  G;  the  agglutinins  common  to  both  organisms — C,  D,  E — 
require  a greater  concentration  to  produce  agglutination  of  either  bacillus. 
The  foregoing  renders  apparent  the  necessity  for  careful  determination 
of  proper  dilution  in  making  agglutination  studies. 

Precipitins.1 — If  an  animal  receives  subcutaneous  or  intraabdominal 
injections  of  such  antigens  as  whole  or  filtered  cultures  of  bacteria, 
bacterial  protein,  the  cell-free  serum  of  an  animal  Qf  a different  species, 
or  peptone,  milk  or  whey,  or  even  urine,  there  develop  in  the  animal 
experimented  upon  bodies  which,  when  added  to  clear  fluids  containing 
minute  quantities  of  the  substance  with  which  the  animal  was  injected, 
give  rise  to  a precipitate.  The  delicacy  and  extreme  sensitiveness  of  this 
reaction  are  among  the  striking  additions  to  organic  chemistry.  It  is 
generally  stated  that  normal  blood  does  not  contain  precipitins.  When 
produced  as  a part  of  immunization  they  resist  heating  to  6o°  C.,  but 
are  rendered  inactive  by  temperatures  near  70°  C.,  and  cannot  be  re- 
activated. Within  certain  limits  the  action  of  precipitins  approaches 
specificity.  The  serum  of  an  animal  immunized  to  human  albumens 
reacts,  although  with  less  intensity,  to  the  serum  of  the  higher  ape; 
rabbits  immunized  to  chicken  serum  yield  a precipitin  that  also  acts 
with  pigeons,  and  animals  immunized  with  albumen  derived  from  the 
egg  of  the  chick  produce  sera  containing  precipitins  for  the  egg-albumen 
of  closely  related  birds.  Precipitins  are  useful  for  the  identification  of 
blood  in  medico-legal  cases,  for  the  recognition  of  horse-meat  and  dog- 
meat  in  sausages,  and  are  also  of  value  in  showing  the  relation  existing 
between  closely  allied  animal  species.2  When  bacterial  antigen  (culture, 
filtered  or  unfiltered)  is  used  for  inducing  immunity,  addition  of  the 
antigen  (filtered  and  clear  culture  fluid)  to  clear  serum  obtained  from  the 
reacting  animal  and  therefore  containing  a precipitin,  causes  a precipitate. 
In  this  manner  these  agents  may  be  of  value  in  determining  the  immediate 
or  recent  presence  of  the  infecting  organism  which  produced  the  antigen. 
The  serum  of  a typhoid  patient  contains  precipitins  which  when  mixed 
with  the  clear  filtrate  of  a culture  of  typhoid  bacilli  cause  precipitation. 
If  clear  hydatid  fluid  or  a clear  extract  made  from  an  hydatid  cyst  be 
added  to  clear  serum  of  a patient  whose  organs  contain  an  hydatid  cyst, 
the  mixture  develops  a precipitate. 

Anaphylaxis,3  hypersusceptibility,  hypersensitiveness,  or  the  Theobald 
Smith  phenomenon  are  names  applied  to  a condition  of  augmented  sus- 

1 Richet,  Bull,  de  l’lnst.  Pasteur,  Aug.  25,  1910,  p.  609;  Cantacuzene,  Ann. 
de  l’lnst.  Pasteur,  Jan.,  1908;  Gaektgens,  Zeitschr.  f.  Immunit.  1 Origin,  Bd.  iv, 
1910,  p.  559;  Schmidt,  Biochem.  Zeitschr.,  Bd.  xiv,  1908,  p.  294;  Lippmann, 
Berlin,  klin.  Woch.,  Jan.  3,  1910,  p.  13;  Leers,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  5, 
May,  1910,  p.  462;  Jianu,  Wien.  klin.  Woch.,  Oct.  21,  1909,  No.  42,  p.  1439. 

2 Nuttall,  Blood  Immunity  and  Blood  Relationship,  1904.  The  medico-legal 
value  of  the  test  is  discussed  by  Nuttall,  also  Ewing  and  Strauss,  Medical  News, 
Nov.  7 and  14,  1903. 

3Anderson  and  Rosenau,  Arch,  of  Intern.  Med.,  June  15,  1909,  p.  519;  Weill- 
Halle  and  Lemaire,  La  Sem.  Med.,  Sept.  15,  1909,  p.  438;  Auer  and  Lewis,  Jour. 
Exper.  Med.,  March  14,  1910,  p.  151;  Anderson  and  Frost,  Jour.  Med.  Research, 
vol.  xviii,  Aug.,  1910,  p.  31. 
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ceptibility  to  alien  proteins.  If  0.000002  c.c.,  to  0.005  c.c.  of  horse  serum 
be  injected  into  a guinea-pig  and  ten  to  fourteen  days  later  a larger  dose, 
0.1  c.c.  to  1 c.c.,  be  similarly  administered,  symptoms  of  intoxication  ap- 
pear promptly,  usually  within  five  to  ten  minutes,  progress  rapidly  and 
frequently  terminate  fatally  in  less  than  one  hour.  The  small  dose  at  first 
administered  is  called  the  sensitizing  dose,  and  the  animal  is  then  said  to 
be  sensitized,  although  hypersusceptibility  does  not  appear  before  the 
seventh  to  the  tenth  day.  Guinea-pigs  may  be  sensitized  by  small  doses 
of  many  substances  such  as  egg  albumen,  bacterial  extracts,  milk,  meat 
extracts,  and  other  proteins.  Rosenau  and  Anderson  sensitized  guinea- 
pigs  by  feeding  them  raw  horse  flesh,  indicating  that  it  is  possible  for  man 
to  become  hypersensitive  through  proteins  taken  as  food.  A patient 
infected  with  tubercle  bacilli  is  so  sensitized  that  inoculation  with  a minute 
dose  of  tuberculin  causes  prompt  reaction.  The  same  quantity  of  tuber- 
culin produces  no  reaction  in  the  noninfected.  The  sensitization  seems  to 
be  general  for  if  tuberculin  be  dropped  into  the  conjunctival  sac  or 
thoroughly  rubbed  into  the  skin,  which  need  not  be  abraded,  a definite 
reaction  occurs  at  the  point  of  application.  In  health  there  is  no  reaction 
because  there  is  no  sensitization;  in  other  words,  there  has  been  no  develop- 
ment of  anaphylaxis.  Patients  far  advanced  in  tuberculosis  fail  to  react 
to  tuberculin;  in  this  instance  sensitization  has  developed  and  been  ex- 
hausted. It  is  possible  that  deaths  following  the  administration  of 
diphtheria  antitoxin  are  manifestations  of  anaphylaxis,  the  individual 
having  been  previously  sensitized  by  some  article  of  food.  A patient 
having  received  a dose  of  antitoxic  serum  is  in  danger  from  anaphylactic 
phenomena  if  given  a second  injection  after  the  seventh  to  the  tenth  day. 

For  the  phenomena  of  anaphylaxis  many  explanations  have  been 
offered.  The  dominant  view  is  that  it  is  due  to  an  increased  power  to 
disintegrate  alien  protein.  During  sensitization  the  body  cells  produce 
a substance,  possibly  more  than  one,  an  antibody,  called  allergin;  this 
product  of  cell  reaction  is  able  to  break  up  the  protein  to  which  it  is  re- 
sponsive so  rapidly  that  the  toxic  products  of  disintegration  are  liberated 
in  large  quantities,  poisoning  the  host.  An  antibody  of  this  class  brought 
into  contact  with  the  incitor  that  led  to  its  production  causes  a reaction 
wherever  the  meeting  occurs.  In  tuberculous  reactions  the  allergin 
brought  from  its  source  or  sources  acts  upon  the  tuberculin  locally  ap- 
plied, liberating  a highly  toxic  body  which  produces  the  local  reaction  or, 
when  the  tuberculin  enters  the  circulation,  a systemic  reaction.  The 
mallein  reaction  in  glanders  is  similarly  explained.  For  a fuller  discussion 
of  the  problems  of  anaphylaxis  the  reader  is  referred  to  the  articles  cited. 


CHAPTER  V. 


PATHOLOGY  OF  INFECTION. 

Having  considered,  in  the  preceding  chapter,  many  of  the  general 
factors  participating  in  the  interaction  between  the  body  and  invading 
bacteria,  including  bacterial  products,  it  now  seems  advisable  to  assemble 
these  in  their  respective  relations  to  infection.  When  bacteria  are  brought 
into  contact  with  living  tissues  by  any  of  the  paths1  already  mentioned, 
several  possibilities  at  once  arise.  In  the  first  place  if  the  germ  be  of  the 
saprophytic  type  and  the  tissue  normal,  it  is  probable  that  no  invasion 
occurs,  certainly  no  reaction  upon  the  part  of  the  tissue  is  observed.  If 
the  germ  be  pathogenic  and  the  number  small,  the  organism  attenuated, 
or  the  resistance  of  the  tissues  vigorous,  no  manifest  lesion  is  induced 
although  it  is  reasonable  to  suppose  that  at  the  point  of  contact  the 
opposing  forces  contained  in  the  tissues  or  circulating  blood  and  therefore 
immediately  available,  accomplish  destruction  of  the  germ  and  neutral- 
ization of  its  accompanying  poisons.  However  desirable  it  may  be  to 
speculate  upon  what  happens  when  nothing  is  seen,  it  is  not  evident  that 
more  would  be  gained  than  from  a discussion  of  infections  properly  so- 
called,  meaning  thereby  bacterial  invasion  attended  by  a definite  re- 
action as  manifested  by  tissue  changes  and  consequently  by  symptoms. 

Immediately  following  the  introduction  of  the  microbe  there  is  a 
latent  period,  during  which  nothing  is  observed,  constituting  the  period 
of  incubation.  Knowing  that  bodies  of  bacterial  origin  are  responsible 
for  the  production  of  tissue  reaction  and  realizing  that  for  the  elabora- 
tion of  these  substances  time  is  an  important  factor,  it  is  reasonable  to 
conclude  that  in  this  stage  growth  of  bacteria  and  the  evolution  of  bac- 
terial products  occur.  It  is  evident  that  the  duration  of  the  stage  of 
incubation  must,  in  many  instances,  be  a variable  factor.  If  the  num- 
ber of  bacteria  introduced  be  large  and  especially  if  they  be  accompanied 
by  an  adequate  supply  of  preformed  substances  capable  of  at  once  acting 
as  irritants,  the  period  of  incubation  will  be  short;  particularly  is  this 
true  if  the  organism  be  highly  virulent,  or  the  resistance  of  the  tissues 
slight,  and  especially  if  both  conditions  be  present.  As  an  example 
of  brief  incubation  may  be  cited  the  promptness  with  which  the  reaction, 
and  consequently  symptoms,  appear  in  wounds  inflicted  during  the 
dissection  of  a body  in  which  highly  virulent  organisms,  such  as  strep- 
tococci, are  abundantly  present;  similar  speedy  manifestation  of  the 
phenomena  of  infection  results  from  perforation  of  a gastric  or  intestinal 
ulcer  or  the  rupture  of  a pus-laden  appendix  or  pus-tube  into  the  abdomi- 
nal cavity.  In  such  conditions  bacteria  are  added  in  large  numbers,  are 
already  in  a way  acclimatized,  and  have  by  antecedent  contact  with  the 
tissues,  acquired  a high  degree  of  resistance  (virulence)  to  the  antibodies 
present  in  tissues  and  body  juices  of  the  host.  In  other  cases  the  period 
of  incubation  is  much  longer,  the  greater  time  depending  upon  peculiari- 

1 See  page  50. 
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ties  of  the  organism  and,  as  already  stated,  the  susceptibility  of  the 
individual.  In  some  diseases  the  period  of  incubation  is  sufficiently 
constant  to  be  within  certain  limits  clinically  determinable,  so  that  after 
exposure  to  infection  it  is  possible  to  estimate  when  the  phenomena  of 
reaction — lesions  and  symptoms — will  appear.  The  variability  of  the 
latent  period  may  readily  be  seen  from  the  following  list  in  which  are 
included  diseases  of  known  etiology  as  well  as  certain  clearly  defined 
infections  the  cause  of  which  remains  undetermined;  the  latter  are  itali- 
cized: pneumonia,  two  to  seven  days;  anthrax,  less  than  three  days; 
plague,  two  to  five  days;  cholera,  three  to  six  days;  scarlet  fever,  three  to 
seven  days;  erysipelas,  three  to  seven  days;  diphtheria,  four  to  twelve 
days;  whooping  cough,  four  to  fourteen  days;  smallpox,  five  to  fourteen 
days;  rubella,  five  to  twenty-one  days;  typhoid,  five  to  twenty-one  days; 
measles,  ten  to  fourteen  days;  chicken-pox,  ten  to  fourteen  days;  typhus, 
about  twelve  days;  syphilis,  about  three  weeks;  relapsing  fever,  about 
three  weeks;  rabies,  two  weeks  to  months  or  possibly  years,  usually 
twenty  to  sixty  days.  In  no  disease  better  than  the  last  named  is  shown 
both  clinically  and  experimentally  the  influence  of  dose,  susceptibility, 
and  the  situation  of  the  inoculation;  wounding  and  inoculation  of  nerve 
trunks,  subdural  inoculation  and  inoculation  into  the  ventricles  of  the 
brain  may  be  followed  by  symptoms  in  from  ten  days  to  three  weeks. 
Superficial  inoculation,  infection  resulting  from  wounds  of  the  extremi- 
ties and  infections  in  which  the  teeth  passed  through  clothing  thereby 
lessening  the  quantity  of  infectious  agent  introduced,  are  often  attended 
by  prolonged  incubation. 

During  the  period  of  incubation  the  derivatives  of  bacterial  growth 
manifest  their  irritative  phenomena,  making  evident  the  beginning  of 
antigen  production  which,  in  contact  with  the  tissues,  leads  to  reaction 
and  the  production  of  antibodies.  During  the  progress  of  the  infection 
the  symptomatology  must  depend  largely  upon  the  definiteness  with 
which  antigens  specifically  attack  and  modify  the  function  of  vulnerable 
structures.  Thus  in  tetanus  the  clinical  phenomena  (lock-jaw)  clearly 
indicate  involvement  of  the  nervous  mechanism  controlling  stimulation 
of  the  motor  nerves  of  mastication,  and  usually  at  a later  period  other 
motor  cells  determining  contraction  of  different  muscle  groups  or  of  the 
whole  body.  In  some  diseases  the  period  of  incubation  merges  into  the 
succeeding  prodromal  stage  which  marks  the  gradual  evolution  of  the 
body  reaction  to  infection.  In  many  cases  of  typhoid  fever  prodromal 
phenomena  are  conspicuous  and  of  great  significance.  On  the  other 
hand,  in  pneumonia,  in  the  pneumonic  form  of  plague,  in  some  cases  of 
cholera,  in  the  acuter  infections  of  the  appendix,  in  the  peritonitis  ac- 
companying perforating  gastric  ulcer,  and  in  some  postmortem  wounds 
the  incubation  and  prodromal  periods  pass  so  speedily  that  they  are 
unrecognizable. 

When  the  prodromal  and  incubation  stages  pass  gradually  to  the 
height  of  an  infection,  the  onset  of  the  disease  is  said  to  be  slow,  or,  when 
considerable  time  is  occupied,  insidious;  on  the  other  hand,  usually  without 
definite  prodromal  phenomena,  rapid  evolution  constitutes  what  is  called 
a sudden  onset,  which,  in  its  speedier  types  is  said  to  be  fulminating. 
In  any  event  the  infectious  process  finally  attains  its  acme,  constituting 
what  is  called  the  fastigium.  This  stage  may  be  of  brief  duration  or 
may  persist  for  days,  weeks  or  even  longer,  or  with  uncertain  degrees  of 
variability  indefinitely  or  until  death  or  beginning  recovery  of  the  patient. 
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Although  begun  much  earlier,  it  is  during  this  stage  that  cell  injury  by 
toxic  products  of  bacterial  origin  attains  its  maximum.  The  degree 
of  damage  varies  greatly  and  is  determined  by  the  virulence  of  the  infect- 
ing germ  and  the  susceptibility  of  the  affected  structures;  in  the  mildest 
cases  little  damage  is  done,  in  severer  infection  the  change  must  be  greater 


Fig.  17. 

Graphic  representation  of  the  successive  stages  of  infection.  Frequent  type  of  which  typhoid  and  measles 

are  examples. 

and  in  fatal  cases  it  is  irreparable.  In  fulminating,  rapidly  fatal  infec- 
tions the  body  reaction  may  not  be  manifest,  a fatal  issue  quickly  ensuing. 
It  is  probable  that  tissue  reactions  directed  to  antagonizing  bacteria  and 
bacterial  products  are  really  inaugurated  before  symptoms  are  manifest. 
It  is  not  probable,  however,  that  the  forces  of  the  infected  individual 


Fig.  18. 

Graphic  representation  of  successive  stages  of  infection.  No  prodromes;  rapid  onset;  crisis.  Occasionally 

seen  in  pneumonia. 


are  thoroughly  marshalled  prior  to  full  manifestation  of  the  infection. 
The  antigens  derived  from  invading  microorganisms  lead,  with  a varying 
degree  of  promptness,  to  the  evolution  of  their  respective,  opposing 
bodies.  The  blood  normally  contains  opsonins  but  the  opsoninogens 
cause  a reaction  manifested  by  the  production  of  additional  opsonins; 
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Fig.  19. 

Graphic  representation  of  the  successive  stages  of  infection.  In  this  type  prodromes  are  absent,  the  onset 
is  sudden  or  abrupt  and  defervescence  is  by  crisis.  Some  cases  of  croupous  pneumonia  follow  this 
course. 


the  toxins  acting  as  toxinogens  lead  to  the  production  of  antitoxins; 
in  a similar  manner  the  agglutinogens  cause  the  production  of  agglu- 
tinins, and  precipitinogens  are  responded  to  by  the  elaboration  of  pre- 
cipitins.  The  liberation  of  the  bacterial  protoplasm  and  the  contact  of 
this  substance  or  its  derivatives  with  responsive  cells  are  followed  by 
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the  production  of  lysins  (bacteriolysins)  specifically  responsive  to  the 
bacteria  upon  which  they  act. 

The  result  of  the  infection,  so  far  as  the  well-being  of  the  host  is  con- 
cerned, is  to  a large  degree  determined  by  the  ability  of  his  cells  to  respond 
promptly  by  the  formation  of  the  various  antibodies.  If  the  individual 
be  the  fortunate  possessor  of  adequate  resistance  the  antibodies  are 
formed  in  sufficient  quantities  with  promptness  and  the  bacteria  causing 
the  disease  soon  find  conditions  becoming  less  and  less  favorable  until 


Fig.  20. 


Fig.  2i. 

The  two  diagrams  are  intended  to  show  closely  allied  types,  the  same  stages  are  present  but  the  rapidity 
of  action  differs;  in  one  the  onset  is  more  prolonged  and  in  the  other  defervescence  occupied  more 
time;  neither  shows  a prodromal  stage. 


the  antibodies  are  present  in  sufficient  quantities  to  attain  the  ascendency, 
at  which  time  recovery  may  be  inaugurated.  At  this  point  begins  the 
stage  of  defervescence.  If  the  marshalled  antibodies  be  suddenly  liber- 
ated or  act  quickly,  the  symptoms  disappear  abruptly  and  recovery  is 
said  to  be  by  crisis;  on  the  other  hand,  and  this  is  the  commonest  termi- 
nation of  an  infectious  process,  if  the  antibodies  are  slowly  produced  or 
freed  probably  in  increasing  quantities  the  defervescence  progresses  less 
rapidly  and  termination  is  said  to  occur  by  lysis.  In  either  case,  res- 
toration in  the  integrity  of  the  tissues  is  progressive  although  with  dif- 
ferent degrees  of  speediness. 

It  is  not  to  be  inferred  that  in  every  infection  the  phenomena  sug- 
gested above  are  manifested.  In  some  infections,  for  example,  tetanus, 
the  dominant  and  most  important  factor  is  the  production  of  an  anti- 
toxin, and  the  promptness  with  which  recovery  is  inaugurated  depends 
upon  the  rapidity  and  sufficiency  of  antitoxin  production.  This  is  true 
of  every  disease  in  which  the  chief  injurious  agency  is  a toxin.  In  diph- 
theria it  has  been  found  possible  to  reinforce,  or  in  a way,  anticipate  the 
resisting  functions  of  the  body  by  the  introduction  of  a preformed  anti- 
toxin produced  experimentally  in  another  animal.  Unfortunately  the 
application  of  this  method  to  rhe  treatment  of  similar  infections  due  to 
highly  toxicogenic  bacteria  has  not  been  attended  by  equal  success. 
The  use  of  antivenin  in  the  treatment  of  venom  poisoning  rests  upon  an 
essentially  similar  action,  an  important  difference  being  that,  unlike 
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bacterial  toxins,  the  initial  dose  receives  no  increment  from  continued 
production  or  repeated  introduction. 

In  every  infection  in  order  to  eliminate  the  infecting  organisms,  the 
phagocytic  or  bacteriolytic  power  of  cells  and  body  juices  must  be  in- 
creased. Opinion  is  not  uniform  as  to  whether  destruction  of  the  germs  is 
accomplished  principally  by  phagocytosis  and  intracellular  bacteriolysis 
or  by  the  extracellular  bacteriolysins.  Metchnikoff  and  his  school  would 
have  us  believe  that  in  either  case  the  bacterial  destruction  is  accom- 
plished by  cytases  having  their  origin  in  the  leukocytes  and  that  the 
action  of  these  bodies  may  be  while  within  the  cell  or  after  their  discharge 
into  the  body  fluids,  especially  the  blood  and  lymph.  It  is  possible  ex- 
perimentally to  demonstrate  that  phagocytosis  is  increased  and  that  the 
quantity  of  opsonins  is  augmented.  A satisfactory  termination  of  the 
infection  demands  that  antitoxin  production  be  adequate  and  bacteri- 
olysis sufficient  to  destroy  the  infecting  microorganisms.  Even  in  case 
of  highly  toxicogenic  bacteria  a satisfactory  termination  of  the  infection 
by  the  adequate  production  of  antitoxin  alone  is  not  sufficient.  Bacteriol- 
ysis must  also  be  accomplished  otherwise,  although  the  clinical  phe- 
nomena may  disappear,  the  germ  persists  and  the  patient  becomes  a carrier 
even  when  clinical  recovery  appears  complete.  Patients  carrying  specific 
microorganisms  of  diphtheria,  typhoid,  cholera,  and  it  is  not  known  of  how 
many  other  diseases,  may  be  able  to  transmit  the  infection  long  after  the 
germ  carried  has  ceased  to  produce  symptoms  in  the  carrier;  that  it  has 
not  lost  its  pathogenicity  is  shown  by  the  occurrence  of  relapses,  and  by 
the  infection  of  others. 

Occasionally  it  so  happens  that  the  resisting  forces  of  the  individual 
are  victorious  over  the  infecting  organsim  in  the  circulating  blood  and 
in  the  tissues  at  large,  but  in  some  particular  structure  the  conditions  are 
less  propitious  and  for  one  reason  or  another  the  germ  persists  apparently 
strictly  localized.  In  this  manner  the  diphtheria  bacillus  may  remain 
in  the  nose  or  nasopharynx  for  months;  the  typhoid  bacillus  may  be 
found  in  the  gall-bladder  months  or  years  after  active  clinical  phenomena 
have  disappeared;  areas  of  caseous  tuberculosis  may  contain  the  tubercle 
bacillus  for  very  long  periods,  possibly  indefinitely.  It  may  be  that  in 
some  cases  persistence  of  the  organism  is  a result  of  inaccessibility;  should 
the  bile  contain  no  antibodies  or  only  in  inadequate  quantities,  typhoid 
bacilli  in  the  gall-bladder  would  escape  destruction;  tubercle  bacilli  in  a 
caseous  or  cretaceous  lymph-node  may  be  beyond  the  influence  of  anti- 
bodies in  the  blood  or  lymph  circulation. 

Not  only  is  the  production  of  specific  antibodies  assured,  but  special 
facilities  for  their  action  are  also  brought  into  action.  For  some  of  these 
phenomena  the  reader  is  referred  to  the  consideration  of  inflammation 
where  they  are  dealt  with  more  fully,  but  it  may  here  be  noted  that  in  an 
inflammatory  area  dilatation  of  blood  vessels  increases  the  amount  of 
blood  entering  the  affected  part,  and  admits  larger  quantities  of  anti- 
bodies which,  escaping  into  the  perivascular  tissues,  obtain  immediate 
access  to  the  poisons  they  are  to  neutralize  or  the  bacteria  to  be  destroyed. 
The  increased  blood  supply  also  brings  increasing  numbers  of  leukocytes 
and  consequently  facilitates  phagocytosis  upon  a larger  scale.  The  wide- 
spread nature  of  this  reaction  upon  the  part  of  the  infected  individual  is 
further  shown  by  the  promptness  with  which  an  increase  in  the  number 
of  leukocytes  in  the  circulating  blood  occurs.  With  the  inception  of 
the  infection  the  leukocyte  count  may  have  been  normal,  approximately 
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8,000  to  10,000  leukocytes  to  the  cubic  millimeter  of  blood.  The  number 
may  increase  hourly  until  often  within  the  first  twenty-four  hours  the 
count  reaches  40,000  or  even  more  (leukocytosis).  It  must  be  evident 
that  in  those  infections  in  which  leukocytes  are  increased  some  sub- 
stance, the  source  of  which  can  only  be  surmised,  acts  upon  the  leuko- 
cyte-producing tissues,  they  in  turn  responding  by  the  generation  of 
leukocytes  in  larger  numbers  than  in  health.  Ross  has  shown  that 
some  derivative  from  a dead  cell  acts  as  a stimulant  to  the  production  of 
that  particular  cell;  consequently  when  a cell  dies  and  undergoes  cytol- 
ysis  it  yields  a substance  which  may  act  locally  or,  being  conveyed  to 
those  tissues  normally  producing  the  cell  now  dead,  stimulates  cyto- 
genesis  and  consequently  leads  to  the  greater  production  of  new  cells  of 
the  same  kind.  The  absence  of  leukocytosis  in  infections  usually  at- 
tended by  that  phenomenon  is  ominous,  indicating  failure  of  response  by 
the  cells  and  especially  by  the  leukocytogenic  structures  upon  which  nor- 
mally falls  the  duty  to  produce  in  adequate  numbers  the  particular  cell 
necessary.  In  some  diseases,  for  example  uncomplicated  typhoid,  the 
number  of  leukocytes  is  not  increased,  on  the  contrary  the  leukocytic  count 
may  be  diminished  (leukopenia).  For  this  fact  a satisfactory  explanation 
is  wanting;  leukocyte  destruction  (leukolysis)  may  exceed  leukocyte 
production  (leukocytogenesis)  or  the  latter  may  fail,  resulting  in  a reduc- 
tion of  the  number  of  leukocytes,  although  the  destruction  of  these  cells 
may  be  at  a normal  or  even  subnormal  rate. 

The  relation  of  agglutinins  and  precipitins  to  the  antagonisms  devel- 
oped in  infection  is  not  at  present  understood.  Agglutinins  are  present 
in  variable  quantities  in  normal  sera  and  are  increased  in  those  infections 
in  which  they  constitute  a conspicuous  factor.  It  is  not  known,  however, 
that  the  production  of  either  of  these  bodies  is  necessary  to  recovery 
even  in  the  infectious  diseases  in  which  the  presence  of  agglutinins  and 
precipitins  is  abundant,  and  consequently  of  great  value  in  serum  diag- 
nosis. The  possible  benefit  of  elevated  temperature  is  discussed  in  the 
chapter  on  fever : at  present  it  is  only  necessary  to  call  attention  to  certain 
facts;  phagocytosis  is  more  active  between  390  C.  and  40°  C.  than  at 
370  C. ; antitoxins  combine  with  and  neutralize  toxins  more  rapidly  at 
higher  than  lower  temperatures;  experimental  antitoxin  production  is 
commonly  attended  by  fever. 


CHAPTER  VI. 


THE  INFECTIONS. 


PATHOGENIC  SCHIZOMYCETES. 


Morbid  Processes  Due  to  Disease-producing  Bacteria. 


The  schizomycetes  or  bacteria  include  the  largest  number  of  vege- 
table organisms  producing  disease.  Of  the  many  classifications  dividing 
the  larger  group  into  smaller  subclasses,  none  has  been  fully  satisfactory; 
the  most  convenient  division  is  based  upon  morphologic  peculiarities, 
which,  by  taking  some  liberties,  permits  the  recognition  of  three  more 
or  less  distinct  groups:  Cocci;  bacilli;  spirilla. 

Cocci. — Spheric,  slightly  ovoid,  or  lancet-shaped  bacteria,  which 
reproduce  by  binary  division,  and  occasionally  by  the  formation  of 
arthrospores. 

The  cocci  form  such  complex  varieties  that  a further  subdivision  will 
be  necessary  to  facilitate  our  study  of  them : 


Varieties. — Monococci:  cocci  not  definitely  associated  in  any  manner 
with  one  another.  Diplococci:  cocci  associated  in  pairs.  Tetracocci: 
cocci  associated  in  fours.  Streptococci:  cocci  arranged  in  chains,  which 
may  contain  thirty  or  more  elements.  Micrococci  (staphylococci) : cocci 
growing  in  irregular  masses;  the  individual  elements  are  embedded  in 
a gelatin-like  substance  elaborated  by  the  organisms.  Ascococci:  cocci 
associated  in  circular  or  globular  masses  (zooglea)  held  together  by  a 
gelatinous  substance.  Sarcinae:  cocci  arranged  in  packets  or  cubes  of 
eight  or  more  elements. 

Bacilli. — Rod-shaped  organisms,  motile  or  nonmotile,  rigid  or  flexible. 
The  organism  formerly  described  as  a bacterium  is  included  in  this  class. 

Spirilla. — It  is  necessary  to  divide  the  spirilla  into  two  groups.  In 
one  of  these  the  spirals  are  rigid  and  relatively  short;  the  spirillum  of 
Asiatic  cholera  possesses  these  characters.  In  the  second  type  the  organisms 
are  longer,  more  flexible,  and  the  disparity  between  length  and  thickness 
much  greater  than  in  the  first  type;  organisms  possessing  these  characters 
have  been  found  in  relapsing  fever,  and  more  recently  in  syphilis.  There 
are  reasons  for  believing  that  the  long,  undulating,  actively  flexible  spirals 
are  not  bacteria  but  properly  belong  with  the  unicellular  animal  parasites. 
This  view  is  further  supported  by  the  fact  that  in  neither  relapsing  fever 
nor  syphilis  has  the  parasite  been  cultivated. 


( Sarcinae. 
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Fig.  22. — Diagram  Illustrating  the  Nomenclature  of  Schizomycetes  Based  upon  their  Morph- 
ology. ( After  Schenk.)  X about  700  diameters. 

Sarcinae  include  the  packet  cocci;  cocci  arranged,  in  more  or  less  cuboid  shapes,  as  multiples  of  four.  Each 
packet  contains  8,  16,  32,  or  more  units.  The  cocci  proper  include  those  named  by  the  number 
commonly  in  the  group,  as:  (a)  Monococci,  or  cocci  with  no  special  arrangement  of  grouping;  with 
these  are  included  the  staphylococci.  ( b ) Diplococci,  or  cocci  grouped  in  pairs,  (c)  Tetracocci,  cocci 
grouped  in  fours.  The  second  method  of  naming  is  by  arrangement,  as:  (A)  Streptococci,  cocci 
arranged  in  chains;  ( B ) ascococci,  or  encapsulated  grouped  cocci;  (C)  staphylococci,  or  cocci  presumed 
to  be  arranged  fas  tfgrapes  in  a cluster.  The  student  will  fail  to  detect,  under  the  microscope,  the 
difference  betweenfthe  micrococci  and  the  staphylococci.  The  term  “ zooglea”  is  applied  to  agminated 
masses  of  microbes,  usually  cocci,  embedded  in  a glue-like  mass  of  gelatinous  material  elaborated  by 
the  microbe.  The  ciliated  and  spider  cells  are  flagellate  bacteria.  The  spirochaeta  are  flexible  spirals, 
such  as  the  organism  of  relapsing  fever;  these  organisms  may  be  protozoa,  or  intermediate  between 
vegetable  and  animal  parasites. 


PATHOGENIC  COCCI. 

The  gonococcus  1 (Neisser,  1879)  is  a roll  or  biscuit-shaped,  nonmotile, 
aerobic  diplococcus,  0.8  /t  to  1.6  /i  in  diameter.  Cultures  may  be  obtained 

Heckstadt,  Med.  Diss.  Konigsberg,  1904;  Krause,  Berl.  klin.  Woch.,  May  9, 
1904;  Heller,  Berl.  klin.  Woch.,  June  9,  1904;  Neneprier,  Soc.  Med.  des.  Hop., 
Paris,  June  23,  1904;  Harris  and  Haskell,  Johns  Hopkins  Hosp.  Bull.,  Dec.,  1904; 
Pinto,  Jour,  de  Phys.  et  de  Path.  Gen.,  Nov.  15,  1904,  p.  1058;  Thayer,  Amer.  Jour, 
of  Med.  Sci.,  Nov.,  1905;  Brucker  and  Cristeanu,  La  Presse  Med.,  May.  30,  1906, 
p.  346;  Goodman,  Annals  of  Surgery,  July,  1907,  p.  in;  Wollstein,  Jour,  of 
Exper.  Med.,  Sept.,  1907,  p.  588;  Hamilton,  Jour,  of  Infect.  Dis.,  March,  30,  1908, 
p.  133;  Torrey,  Jour,  of  Med.  Research,  May,  1908,  p.  347;  Irons,  Arch,  of  Intern. 
Med.,  Dec.,  1909,  p.  1. 
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on  human  blood-serum,  or  on  media  containing  that  substance,  also  on 
acid  urine  agar  and  blood-smeared  agar;  Wertheim’s  medium1  may  be 
used.  The  organism  develops  slowly,  appearing  twenty-four  to  thirty- 
six  hours  after  inoculation  as  pin-point,  transparent  colonies,  later  becoming 
a smooth,  thin,  grayish-yellow,  moist  film  with  ill-defined  margins;  later  the 
margins  become  jagged  with  sharper  definition.  The  optimum  tempera- 
ture is  330  C.  to  370  C.,  the  maximum  38°  C.,  and  the  minimum  250  C. 

Demonstration. — Make  spreads  and  fix  in  the  usual  manner;  stain  in 
aqueous  solution  of  methylene-blue  five  to  fifteen  minutes;  wash  with 
water  and  stain  briefly  in  a saturated  watery  solution  of  eosin.  Wash  in 
water,  dry  and  mount.  The  nuclei  of  the  pus  corpuscles  and  the  gonococci 
are  blue,  protoplasm  of  the  pus  cells  pink.  As  the  organism  does  not  stain 
by  Gram’s  method  the  following  technic  may  be  found  useful:  Stain 

by  Gram’s  method  followed  by  dilute  carbol-fuchsin  (1  to  10).  Wash  in 
water,  dry  and  mount;  the  organisms  stained  by  Gram’s  method  are  not 


Fig.  23. — Gonococcus. 

Film  from  urethral  pus.  In  this  specimen  practically  all  the  organisms  are  intracellular;  frequently  extra- 
cellular gonococci  are  present. 

gonococci,  those  taking  the  fuchsin  may  be;  positive  identification  is 
possible  by  cultivation  methods  only.  It  also  may  be  stained  by  any  of 
the  basic  anilin  dyes,  especially  Loffler’s  methylene-blue. 

Pathogenesis. — Under  ordinary  conditions  the  gonococcus  is  patho- 
genic for  the  human  species  only;  it  produces  local  infections  on  mucous 
membranes,  particularly  the  urethra,  from  which  it  may  invade  the  blad- 
der, ureters  and  renal  pelves,  seminal  vesicles,  vas,  and  epididymis;  it  also 
causes  prostatitis.  In  the  female,  vaginitis  and  vulvovaginitis,  endocer- 
vicitis,  endometritis,  salpingitis,  and  peritonitis  may  be  due  to  this  organism. 
Gonorrheal  peritonitis  is  particularly  prone  to  occur  in  the  vulvovaginal 
lesions  due  to  gonococcus  infections  in  children.  Gonorrheal  vulvovaginitis 
in  children  is  readily  transmitted  during  bathing  or  by  the  use  of  inade- 
quately disinfected  napkins,  and  frequently  assumes  epidemic  proportions 
in  institutions.  Goodman  collected  75  cases  of  gonorrheal  peritonitis  30 
of  which  were  verified  by  autopsy  or  bacteriologic  diagnosis;  of  the  latter 
group  14  were  fatal.  Gonorrhea  of  the  rectum  is  rare.  Gonorrheal 
1 See  chapter  on  Bacteriologic  Technic. 
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conjunctivitis,  also  called  gonorrheal  ophthalmia,  is  a particularly  de- 
structive process  most  common  in  the  new-born,  due  to  infection  from 
the  birth-canal,  but  also  resulting  from  accidental  conveyance  of  gonococci 
to  the  conjunctiva.  Nasal,  oral,  and  pharyngeal  gonorrhea  are  rare. 
The  lesion  on  the  mucous  membrane  may  be  acute,  subacute,  or  chronic; 
in  the  acute  form  the  gonococci  are  particularly  abundant  in  the  epither 
lial  cells  and  migrating  leukocytes,  particularly  the  polymorphonuclears, 
but  are  also  found  extracellular;  in  the  chronic  lesions  the  organism  is  less 
abundant.  The  gonococcus  has  been  definitely  accepted  as  a pus-produc- 
ing organism,  and  in  connective  tissues  may  give  rise  to  distinct  abscesses, 
among  which  should  be  mentioned  peri-urethral  abscess  and  prostatic 
suppuration. 

Systemic  Infection  by  the  Gonococcus.  The  organism  in  pure  culture 
has  been  obtained  from  the  blood  during  life;  usually  it  enters  from  infec- 
tions of  the  genital  organs,  although  gonococcemia  secondary  to  conjunc- 
tival gonorrhea  has  been  reported.  Pinto  and  also  Christmas  have  shown 
that  the  organism  produces  a toxin  to  which  some  of  the  systemic  phe- 
nomena may  be  due.  Entering  the  circulation  the  gonococcus  may  give 
rise  to  endocarditis,  endarteritis  or  endophlebitis,  inflammations  of  the 
joints,  pericardium,  or  pleura.  According  to  Irons  there  are  120  cases  of 
gonococcus  ulcerative  endocarditis  on  record;  in  several  of  these  pericardi- 
tis was  also  present.  Cases  of  gonococcal  pyemia  have  been  reported. 
Heller  collected  26  cases  of  gonorrheal  phlebitis  on  record.  Joint  affec- 
tions are  usually  monarticular,  but  may  be  polyarticular.  The  joints  most 
frequently  affected  are  the  knee,  elbow,  and  wrist,  in  the  order  named; 
involvement  of  the  smaller  joints  is  not  common.  Usually  the  lesion  stops 
short  of  suppuration;  a tendency  to  fibrous  ankylosis  is  not  infrequently 
present.  Gonococcemia  may  be  manifested  by  a mild  continued  fever 
without  recognizable  visceral  lesions. 

The  Diplococcus  pneumoniae1  (Frankel,  1884)  is  a lancet-shaped,  non- 
motile  coccus,  usually  associated  in  pairs,  end  to  end,  and  possessing  a 
capsule  which  is  lost  during  cultivation.  In  size  the  organism  varies;  its 
usual  maximum  diameter  is  about  1 pi;  chains  containing  four  to  eight  or 
more  cocci  occur.  It  may  be  cultivated  on  the  ordinary  media,  but  pos- 
sesses a low  vitality  and  grows  best  on  media  containing  blood  or  blood- 
serum.  The  addition  of  glucose  to  serum  media  is  especially  recommended. 
The  organism  is  both  aerobic  and  anaerobic.  The  colonies  are  small,  dis- 
crete, dew-like,  with  sharply  defined  edges  not  tending  to  coalesce  but 
occasionally  forming  transparent  moist  films;  does  not  liquefy  gelatin. 
The  optimum  temperature  is  370  C.,  maximum  420  C.,  minimum  20°  C.  to 
220  C. ; thermal  death-point  under  550  C.  In  milk  the  pneumococcus  pro- 

1 Lesieur,  Jour,  of  Physiol.,  Nov.  15,  1903;  Steuertz,  Zeit.  f.  klin.  Med.,  1904, 
Bd.  Hi,  p.  422;  Patzold,  Beitr.  z.  klin.  Chir.,  1904,  xliii;  Tchistovitch,  Ann.  de  l’lnst. 
Pasteur,  May  25,  1904;  Baduel,  La  Rif.  Med.,  June  29,  1904;  Ghon,  Wein.  klin. 
Woch.,  March  10,  1904.  Mathews,  Annals  of  Surgery,  Nov.,  1904;  Auders,  Amer. 
Med.,  March  18,  1905;  Tizzoni  and  Panichi,  Centralbl.  f.  Bakt.,  1905,  Bd.  xxxvi,  p. 
25;  Report  of  the  Medical  Commission  for  the  Investigation  of  Acute  Respiratory 
Diseases  of  the  Department  of  Health  of  the  City  of  New  York,  Part  I,  Studies  on 
the  Pneumococcus,  1905;  Heyrovsky,  Centralbl.  f.  Bakt.,  May  9,  1905,  p.  704;  Eyre 
and  Washbourn,  Jour,  of  Path,  and  Bact.,  June,  1906,  p.  246;  Wadsworth,  Biolog- 
ical Studies  by  the  Pupils  of  William  Thompson  Sedgwick,  1906;  Macfadyen,  Cen- 
tralbl. f.  Bakt.,  Parasitk.,  u.  Infkh.,  Orig.,  xliii,  p.  30;  Beurger  and  Ryttenberg,  Jour, 
of  Infect.  Dis.,  Nov.,  1907,  p.  609;  Ruata,  Centralbl.  f.  Bakt.,  Oct.  10,  1908,  p.  44; 
Panichi  and  Porrini,  Centralbl.  f.  Bakt.,  May,  1909,  p.  139;  Rosenow,  Jour,  of  Infect. 
Dis.,  May  20,  1910,  p.  411;  Kiralyfi,  Centralbl.  f.  Bakt.,  Jan.,  1910,  Bd.  liii,  p.  65. 


THE  INFECTIONS. 


8 1 


duces  acid  and  coagulation.  In  any  medium  frequent  transplantation^ 
necessary.  Acid  formation,  which  inhibits  or  destroys  the  penumococcus, 
is  guarded  against  by  the  use  of  media  containing  one  per  cent,  or  two  per 
cent,  powdered  calcium  carbonate. 

The  pneumococcus  produces  no  soluble  toxin 
(exotoxin) ; its  pathogenicity  probably  depends  upon 
endotoxins  contained  in  the  bacterial  protoplasm; 
by  grinding  the  organism  at  the  temperature  of 
liquid  air  and  extracting  with  o.i  per  cent,  potas- 
sium hydroxid,  MacFadyen  obtained  a highly  toxic 
product. 

Demonstration. — The  pneumococcus  stains  with 
the  ordinary  anilin  dyes  and  by  the  usual  methods; 
it  is  Gram-positive.  Friedlander  recommends  stain- 
ing the  pneumococcus  in  tissues  as  follows:  Make 

thin  sections,  remove  the  paraffin,  and  stain  for  twenty-four  hours  in  an 
acid  solution  of  gentian- violet,  ioo  parts  of  distilled  water,  and  io  parts  of 
acetic  acid.  After  staining,  decolorize  with  a one  per  cent,  solution  of 
acetic  acid  in  water  for  one  or  two  minutes,  dehydrate  with  alcohol,  clear 
with  oil  of  cloves,  and  mount.1  The  pneumococcus  is  often  difficult  to 
cultivate  from  body  fluids  or  organs  and  is  easiest  obtained  in  pure  culture 
by  inoculating  a rabbit  or  mouse,  both  of  which  animals  are  extremely 
susceptible.  Media  rich  in  sodium  chlorid  are  ill  adapted  to  its  growth, 
and  it  has  been  suggested  that  sodium  chlorid  retention  in  croupous  pneu- 
monia is  a part  of  nature’s  protective  mechanism.  In  cultivation  it  rapidly 
loses  virulence,  requires  frequent  transplantation,  and  is  best  preserved  in 
capillary  tubes  containing  sterile  rabbit’s  blood. 

Pathogenesis. — The  pneumococcal  infections  in  man  may  be  local  or 
general;  locally  it  affects  particularly  the  mucous  and  serous  membranes 
and  lungs.2  It  is  a specific  causative  agent  in  many  coryzas  and  may 
produce  catarrhal  or  pseudo-membranous  inflammations  of  the  mucous 
membranes.  It  is  a frequent  cause  of  serous  membrane  inflammations, 
especially  of  the  pleura;  it  also  gives  rise  to  peritonitis  and  sporadic  menin- 
gitis. Instances  of  epidemic  meningitis  due  to  the  pneumococcus  are  also 
on  record.  Otitis  media  and  inflammation  of  the  facial  sinuses  are  not 
infrequently  of  pneumococcal  origin.  It  occasionally  infects  wounds,  and 
has  been  obtained  by  Boyd  from  abscesses  in  pure  culture.  In  many 
individuals  it  is  a constant  inhabitant  of  the  mouth  and  nose;  from  the 
latter  cavity  extension  to  the  middle  ear  and  meninges  may  occur.  In  a 
number  of  pneumococcal  infections,  especially  croupous  pneumonia,  the 
organism  enters  the  blood;  in  Rosenberger’s  collated  cases  of  pneumonia, 
blood  infection  was  present  in  fifty-three  per  cent.;  once  in  the  circulating 
blood  the  pneumococcus  may  give  rise  to  arthritis,  which  is  sometimes 
monoarticular  and  sometimes  polyarticular.  Davies  and  Brown  tabulated 
39  cases  of  pneumococcic  pyemia.  As  a result  of  blood  infection  it  pro- 
duces endocarditis,  endarteritis,  or  thrombophlebitis.  The  pneumococcus 
is  also  the  cause  of  chronic  inflammatory  conditions,  either  catarrhal  or 
pseudo-membranous,  affecting  various  mucosae,  but  particularly  the  nose 
and  bronchi.  Tizzoni  and  Panichi  have  found  that  it  may  remain  latent 

lFor  the  demonstration  of  capsules,  see  Capsule  Stains  in  chapter  on  Bacterio- 
logic  Technic. 

2 Its  action  on  these  structures  is  discussed  in  chapters  on  Diseases  of  the  Mucous 
Membranes  and  Diseases  of  the  Lungs. 
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Fig.  24. — Diagram  of  the 
Diplococcus  of  Pneu- 
monia, Illustrating  Re- 
lation of  Capsule  to 
the  Contained  Germ. 
( Coplin  and  Bevan.) 
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in  the  circulation  for  weeks  or  months.  Ordinarily  in  pneumococcic 
infection  a prompt  leukocytosis  occurs;  in  rapidly  fatal  cases  there  may  be 
no  leukocytic  response,  the  number  of  leukocytes  rapidly  falling.  Animals 
can  be  rendered  immune  to  the  pneumococcus,  but  attempts  to  produce 
immunizing  sera  have  been,  on  the  whole,  disappointing.  Stuertz 
thought  that  in  pneumococcic  infections  information  as  to  prognosis 
might  be  obtained  by  inoculating  animals.  By  using  the  sputum  he 
found  that  in  virulent  cases  of  pneumonia  mice  succumbed  in  from  six  to 
eight  hours;  in  the  more  chronic  cases  the  animals  survived  two  days. 

The  Meningococcus  or  Diplococcus  intracellularis  meningitidis1 
(Weichselbaum,  1887)  possesses  almost  the  exact  morphology  of  the 
gonococcus  and  is  also  commonly  found  within  cells.  It  usually  occurs 
in  pairs  or  fours,  and  sometimes  in  short  chains  of  four  to  six  elements. 
It  is  nonmotile,  aerobic,  cultivated  with  difficult)'',  and  has  a restricted 
temperature  range  at  or  near  370  C.  It  grows  best  on  blood-serum  or  on 


Fig. '2s. — Pneumococcus  Showing  Capsule,  from  Pleuritic  Fluid  of  Infected  Rabbit;  Stained  by 

Second  Method  of  Hiss.  {Williams.) 


Loffler’s  medium,  on  both  of  which  it  produces  smooth,  round,  colorless, 
viscid,  slightly  lustrous  colonies,  the  borders  of  which  are  usually  sharply 
defined,  although  they  may  become  confluent;  maximum  development 
occurs  in  six  days  and  transplantation  every  two  or  three  days  is  necessary. 
Growth  on  agar  is  scanty,  in  stroke  cultures  but  two  or  three  millimeters  in 
width,  the  surface  moist  and  not  granular.  It  clouds  bouillon  with  the 
formation  of  a slightly  viscid  sediment.  It  grows  feebly  or  not  at  all  on 
gelatin  and  does  not  liquefy  the  medium. 

Demonstration. — It  stains  with  the  usual  anilin  dyes,  and  commonly  is 
Gram-negative.  Nuttall  and  Hunter  concluded  there  were  two  types, 
which  they  designated  “A”  and  “ B”;  the  latter  is  Gram-positive,  grows 
luxuriantly  on  agar,  producing  viscid  colonies;  the  growth  on  potato  is  also 
good.  Type  “A”  is  indefinite,  usually  negative  to  Gram,  of  feeble  growth 
on  agar  and  glycerin-agar;  there  is  a slight  invisible  growth  on  potato. 

dicker,  Arch.  f.  Hyg.,  Bd.lxviii,  H.  i,p.  1;  Hohn,  Klin.  Jahrbuch,  Bd.  xx,  H.  3, 
p 357;  Arkwright,  Jour,  of  Hyg.,  April,  1909;  Elser  and  Huntoon,  Jour.  Med.  Re- 
search,’ June,  1909,  p.  373;  Mayer,  Centralbl.  f.  Bakt.,  Feb.  4,  1909,  p.  1. 
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For  staining  sections  Councilman,  Mallory,  and  Wright  recommend  Unna’s 
alkaline  methylene-blue  solutions  applied  as  follows:  (1)  Saturated 
aqueous  solution  of  eosin,  twenty  minutes  or  longer;  (2)  wash  in  water; 
(3)  alkaline  methylene-blue  (diluted),  one  or  two  hours;  (4)  wash  in 
water;  (5)  differentiate  in  commercial  alcohol  followed  by  absolute  alcohol; 
(6)  clear  in  xyol;  (7)  mount  in  balsam.  Spreads  may  be  treated  in  the 
same  way.  Cultures  are  usually  secured  from  fluid  obtained  by  lumbar 
puncture,  and  while  the  fluid  so  obtained  may  appear,  by  staining  methods, 
to  contain  a large  number  of  organisms,  culture  experiments  indicate  that 
comparatively  few  of  these  are  viable.  For  this  reason  a relatively 
large  quantity  of  the  fluid  should  be  spread  over  the  surface  of  the  culture- 
medium.  The  meningococcus  has  been  found  in  the  blood. 

Pathogenesis. — The  meningococcus  is  generally  admitted  to  be  the 
cause  of  epidemic  cerebrospinal  fever.1  It  is  sometimes  present  in  spo- 


Fig.  26. — Sputum,  Croupous  Pneumonia. 

In  the  extreme  upper  part  of  field  is  a leukocyte  showing  chromatolysis  but  containing  englobulated  cocci. 
Below  and  slightly  to  the  left  of  this  cell  is  a squamous  cell  from  the  mouth.  To  the  right  of  the 
latter  and  slightly  below  is  a polymorphonuclear  leukocyte,  and  in  the  extreme  lower  part  of  the  field 
is  a small  hyaline  cell.  The  field  also  contains  numerous  encapsulated  pneumococci,  a few  streptococci, 
and  unarranged  cocci  that  cannot  be  identified  with  accuracy. 


radic  cases  of  meningitis.  It  probabty  reaches  the  meninges  from  the  nasal 
passages,  in  which  it  is  occasionally  found  in  health,  but  more  frequently 
in  meningitis;  Maragliano  has  produced  meningitis  in  rabbits  by  spraying 
cultures  of  the  organism  into  the  nasal  cavity.  The  meningococcus  is 
feebly  pathogenic  for  mice,  rabbits,  guinea-pigs,  and  dogs.  Meningitis 
has  been  produced  in  the  goat  by  intracranial  inoculation.  According 
to  Lepierre,  the  meningococcus  produces  a toxin  (meningotoxin)  which 
resembles  the  gonotoxin  studied  by  Christmas.  The  organism  has  been 
found  in  endocarditis. 

The  poisons  produced  by  the  Diplococcus  intracellularis  are  retained 
within  the  bacterial  protoplasm  (endotoxins).  Wassermann,  also  Flex- 
ner  and  Jobling,  have  produced  a meningococcus  immune  serum  which 
has  been  found  useful  in  the  treatment  of  epidemic  cerebrospinal  meningi- 
tis. In  order  to  use  this  serum  lumbar  puncture  is  performed,  spinal 
fluid  withdrawn  and  antiserum  injected  beneath  the  spinal  dura. 

1 See  chapter  on  Diseases  of  the  Nervous  System. 
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The  Diplococcus  rheumaticus1  (Poynton  and  Paine)  occurs  as  paired 
cocci,  0.5  fj.  or  slightly  larger,  and  has  been  found  in  the  joint  fluids,  syno- 
vial membrane,  and  endocardial  lesions  of  acute  articular  rheumatism. 
It  grows  best  in  mixtures  of  bouillon  and  milk  faintly  acidified  by  lactic 
acid;  it  can  also  be  cultivated  on  blood-smeared  agar  and  blood-serum. 
On  solid  media  the  colonies  are  small,  spherical,  and  granular.  On  milk 
it  produces  lactic  and  acetic  acids,  and  on  glucose  and  levulose  media, 
acetic  and  valerianic  acids.  Walker  and  Ryffel  found  that  it  produced 
formic  acid  and  was  strongly  hemolytic.  In  liquid  media  it  forms  short 
chains,  on  blood  and  serum  agar  there  is  no  irregularity  in  its  arrangement. 
The  organism  stains,  but  not  intensely,  with  the  usual  anilin  dyes.  In 
recent  articles  Poynton  and  Paine  refer  to  the  organism  as  a diplococcus  of 
the  streptococcus  group  from  members  of  which  most  observers  regard  the 
differentiation  of  the  Diplococcus  rheumaticus  difficult  if  not  impossible. 
It  is  found  in  the  blood  and  is  most  abundant  in  the  synovial  mem- 
brane of  affected  joints. 

Pathogenesis. — In  rabbits  the  articular  and  cardiac  lesions  of  acute 
rheumatism  have  been  produced  by  intravenous  injections  of  the  organ- 
ism; nonsuppurative  iritis  occasionally  occurs.  Poynton  has  shown  that 
monkeys  are  susceptible  to  the  organism.  It  is  identical  with  the  Micro- 
coccus rheumaticus,  described  by  Walker  and  Beaston,  and  Wassermann’s 
chorea  streptococcus. 

Pyogenic  Staphylococci.2 — This  group  includes  a number  of  micro- 
cocci, some  of  which  more  than  any  other  organism  are  ubiquitous. 
They  are  frequently  called  pyococci.  The  Micrococcus  pyogenes  aureus 
occurs  singly,  in  pairs,  in  fours,  and  in  short  chains,  most  commonly  in 
irregular  masses.  It  is  a nonmotile,  facultative  anaerobe,  measures  o.8/« 
to  1 fi,  and  grows  readily  on  all  laboratory  media  at  temperatures  between 
200  C.  and  40°  C.,  the  optimum  being  30°  C.  to  370  C. ; it  is  killed  by  expo- 
sure for  half  an  hour  at  8o°  C.  In  gelatin  the  growth  is  rapid  and  the 
medium  liquefies;  a faint  white  streak  appears  along  the  line  of  puncture, 

the  growth  gradually,  by  the  third  day,  assuming  a 
deep  yellow  or  golden  hue.  The  organisms  fall  to  the 
bottom  of  the  liquefied  medium,  forming  a deep  yellow 
sediment.  Stroke  cultures  on  agar  develop  as  thin, 
white,  slightly  yellowish,  opaque  films,  irregular  in 
outline;  discrete  colonies  are  sometimes  formed.  The 
characteristic  yellow  color  appears  by  the  third  day. 
The  agar  frequently  becomes  cloudy  and  opaque, 
but  does  not  liquefy.  Virulent  organisms  liquefy  solid 
blood-serum.  On  potato  the  culture  is  white,  later 
taking  on  a yellow  color,  and  with  age  becoming 
succulent  and  yielding  a sour  odor.  On  plates  the  growth  appears  within 
twenty-four  to  thirty-six  hours  as  slightly  elevated  white  colonies  with 
sharply  defined  edges;  gradually  the  golden-yellow  color  develops.  It 
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Fig.  2 7. — Micrococ- 
cus. (Staphylococ- 
cus) pyogenes 
aureus.  ( Coplin 

and  Bevan.)  X8oo 
diameters. 


Beattie,  Jour,  of  Med.  Research,  Jan.,  1906,  p.  399;  Lancet,  Sept.  29,  1907,  p. 
871;  Conner,  Section  on  Practice  of  Medicine,  Amer.  Med.  Assoc.,  1906,  p.  533; 
Loe’b,  Arch,  of  Internal  Med.,  Oct.  15,  1908,  p.  266;  Poynton  and  Paine,  Lancet, 
June'4,  1910,  p.  1524;  Steinert,  Munch,  med.  Woch.,  Sept.  13,  1910,  p.  1927. 

2 The  term  staphylococcus  is  much  used,  particularly  by  surgeons,  instead  of 
micrococcus.  The  student  should  remember  that  the  terms  are  interchangeable. 
For  references  see  Josef  Koch,  Ergebnisse  d.  Allg.  Path.  u.  Path.  Anat.,  Lubarsch 
u.  Ostertag,  1 Abt.,  1909,  p.  205. 
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renders  bouillon  turbid,  depositing  as  a brownish-yellow  sediment.  The 
pyococci  stain  by  the  usual  anilin  dyes  and  by  Gram’s  method. 

The  Micrococcus  pyogenes  citreus  in  every  respect  resembles  the 
aureus  except  that  it  develops  a lemon-yellow  color.  The  Micrococcus 
pyogenes  albus  has  essentially  the  same  characteristics  except  that  its 
growth  is  slower  and  the  colonies  are  milk  white  in  color.  The  Staphylo- 
coccus epidermidis  albus  is  probably  a strain  of  the  preceding  organism; 
its  virulence  varies.  The  Micrococcus  cereus  albus  is  slightly  larger,  the 
colonies  are  small  and  white,  wax-like,  and  it  does  not  liquefy  gelatin. 
The  Micrococcus  cereus  flavus  is  a similar  organism  except  that  it  develops 
a yellow  pigment. 

The  pyogenic  or  pus-producing  staphylococci  stain  by  practically  all 
the  laboratory  methods  and  are  positive  to  Gram.  The  Micrococcus 
pyogenes  aureus  is  the  organism  most  commonly  found  in  suppurative 
processes.  Curry1  found  it  in  52  of  115  abscesses;  the  albus  was  present 
in  29.  The  aureus  was  the  only  organism  present  in  32.  The  fact  that 
this  organism  is  constantly  present  on  the  surface  of  the  body  and  on  the 
mucous  membranes  accounts  for  the  frequency  with  which  it  is  found  in 
surgical  infections.  The  pathogenicity  of  the  different  members  of  the 
group  varies,  nor  is  it  always  the  same  for  any  one  of  the  staphylococci. 
It  has  been  demonstrated  that  there  are  saprophytic  staphylococci,  and  it 
is  probable  that  these  are  attenuated  forms  of  the  pathogenic.  Neisser 
and  Vechsberg  have  shown  that  pathogenic  staphylococci  produce  hemo- 
lysins and  leukocidins,  while  the  saprophytic  do  not.  Klopstock  and 
Bockenheimer  have  found  that  animals  immunized  to  pathogenic  staphy- 
lococci produce  sera  agglutinating  these  organisms  but  not  the  saprophytic 
form. 

The  most  characteristic  features  of  the  staphylococci  are  their  intense 
positive  chemiotactic  action  on  leukocytes,  particularly  the  polymor- 
phonuclear. Cultures  of  the  aureus  sterilized  by  boiling  may,  when 
introduced  subcutaneously,  cause  abscesses;  if  heated  to  120°  C.  in  the 
autoclave,  this  property  is  lost.  Christmas  has  been  able  to  isolate  from 
filtered  bouillon  cultures  a pyogenous  substance  to  which  he  attributes  the 
pus-producing  faculty  of  the  aureus.  Introduced  into  the  circulation  in 
sufficient  numbers  the  pyogenic  staphylococci  may  give  rise  to  septicemia 
or  pyemia.  There  is  abundant  evidence  to  show  that  in  animals,  and  prob- 
ably in  man,  these  bacteria  are  frequently  present  in  the  circulating  fluid; 
ordinarily  the  number  is  small  and  conditions  are  unfavorable  for  coloni- 
zation. The  occurrence  of  an  injury,  which  may  be  trifling  in  extent, 
develops  a point  of  lessened  resistance  in  which  the  organism  may  develop. 
In  addition  to  the  ordinary  suppurative  lesions  caused  by  staphylococci, 
they  may  be  found  in  osteomyelitis,  endocarditis,  cellulitis,  in  the  pus- 
tules of  acne  and  smallpox,  and  in  the  throat  lesions  of  scarlet  fever  and 
diphtheria.  When  present  as  concurrent  infections,  absorption  of  the 
products  of  the  pyogenic  organism  intensifies  the  lesions  and  symptoms 
due  to  the  disease  with  which  they  are  associated. 

Under  the  name  streptococcus2  is  included  a group  of  more  or  less 


1 Medical  and  Surgical  Reports  of  the  Boston  City  Hospital,  1897. 

2 Young,  Boston  Med.  and  Surg.  Jour.,  Aug.  24,  1905,  p.  212;  Andrewes  and 
Horder,  Lancet,  Sept.  15,  1906,  p.  709;  Ruediger,  Jour,  of  Infect.  Dis.,  Oct.,  1906, 
P-  755'>  Weaver  and  Tunnicliff,  Jour,  of  Infect.  Dis.,  Dec.,  1908,  p.  589;  Josef 
Koch,  Ergebnisse  d.  Allg.  Path.  u.  Path.  Anat..  Lubarsch  u.  Ostertag,  1 Abt.,  1909, 
p.  135;  Grutner,  Centralbl.  f.  Bakt.,  Bd.  1,  H.  2,  p.  241;  Taddei,  Centralbl.  f. 
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clearly  related  organisms  conspicuous  among  which  is  the  Streptococcus 
pyogenes  (Rosenbach,  1880)  a nonmotile,  aerobic,  pus-producing,  chain- 
forming coccus,  0.4  ji  to  1 fj.  in  diameter;  its  optimum  temperature  is  350 
C.  to  370  C.  It  does  not  grow  well  below  250  C.  to  30°  C.  and  is  extremely 
susceptible  to  even  slight  elevations,  being  killed  in  ten  minutes  at  520  C. 
On  gelatin  plates  it  gives  rise  to  small,  circular,  finely  granular  colonies, 
which  when  fully  developed  are  light  brown,  often  extending  from  the 
margins  irregular,  serpentine  filaments;  gelatin  not  liquefied.  On  bouillon 
some  streptococci  grow  much  better  than  others.  One  strain  of  the  organ- 
ism may  produce  cloudiness  without  film  or  sediment,  others  give  rise  to  a 
pellicle  which,  after  formation,  settles  to  the  bottom.  Most  streptococci 
form  acids.  On  agar  small,  whitish,  slightly  elevated  colonies  1 mm.  to  2 
mm.  in  diameter  develop;  they  may  become  confluent.  Streptococci 
frequently  coagulate  milk,  sometimes  rapidly,  often  slowly,  and  occasionally 
not  at  all.  In  solid  media  containing  blood,  colonies  of  pathogenic  strepto- 
cocci are  surrounded  by  clear  zones — hemolysis. 

Demonstration. — The  streptococci  stain  readily  with  most  anilin  dyes. 
The  different  cocci  in  the  same  chain  do  not  all  stain  with  the  same  in- 
tensity nor  are  they  all  the  same  size;  occasionally,  when  recently  isolated, 
chain  formation  is  absent,  appearing,  however,  in  subcultures.  They 
are  practically  always  Gram-positive;  Etienne  has  obtained  from 
the  false  membranes  in  angina  a streptococcus  that  does  not  take  the 
Gram  stain,  and  Lemoine  has  found  a similar  organism  in  erysipelas; 
the  reaction  to  Gram  may  be  modified  by  cultivation.  Vandevella 
studied  twenty  strains  of  streptococci,  manjr  of  which  were  dissimilar, 
although  he  regarded  them  as  being  members  of  the  same  group. 
Foulerton  investigated  twenty-five  strains  and  believes  there  is  more 
than  one  distinct  species. 

Pathogenesis. — The  virulence  of  streptococci  varies 
widely.  It  may  be  increased  by  passage  through  animals 
and  diminished  by  cultivation.  Cultures  preserved  under 
conditions  that  exclude  oxygen  retain  their  virulence. 
Various  cytolytic  poisons  are  produced  by  the  strepto- 
coccus; the  most  important  of  these  attack  the  red  blood- 
cells  (erythrocidins)  and  leukocytes  (leukocidins).  Sterile 
cultures  may  contain  poisons  sufficiently  active  to  kill  small 
animals,  and  it  seems  reasonable  to  conclude  that  the  symp- 
toms of  streptococcus  infection  in  man  are  due  to  the  intra- 
cellular and  extracellular  toxins  produced  by  the  organ- 
ism. The  serum  of  animals  immunized  to  the  streptococcus  contains, 
among  other  substances,  agglutinins  which  may  be  utilized  for  identifying 
the  organism. 

Streptococci  have  been  found  in  a large  number  of  morbid  processes, 
among  which  especially  should  be  mentioned  suppurative  lesions,  ery- 
sipelas, peritonitis,  pericarditis,  pleurisy,  meningitis,  and  arthritis; 
certain  strains  of  the  organism  produce  a highly  virulent  puerperal  fever. 
The  streptococcus  found  in  erysipelas,  Streptococcus  erysipelatis,  possesses 
no  constant  characteristics  by  which  it  may  be  differentiated  from  some 
strains  of  pyogenic  streptococci,  and  it  has  been  shown  by  a number  of 
observers  that,  using  the  same  chain-forming  coccus,  cuticular  inocular 

Bakt.,  Bd.  1,  H.  6,  1909,  p.  561;  Kocher  and  Tavel,  Vorlesungen  iiber  Chirur- 
gische  Infectionskrankheiten,  1909;  Meakins,  Jour.  Exper.  Med.,  Nov.  1,  1909, 
No.  6,  p.  815;  Gordon,  Practitioner,  Jan.  1909,  p.  127. 
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Fig. 28. — Strepto- 
coccus of  Ery- 
sipelas. ( Coplin 
and  Bevan.)  X 
800  diameters. 
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tion  gives  rise  to  erysipelas  and  subcutaneous  injection  causes  abscess 
formation. 

The  relation  of  streptococci  to  scarlet  fever  has  been  studied  recently 
by  a number  of  observers,  the  consensus  of  opinion  being  that  it  is  not 
the  cause  of  the  disease.  The  lowered  vital  resistance  of  patients  having 
scarlet  fever  and  diphtheria  favors  colonization  of  pathogenic  strep- 
tococci primarily  in  the  pharyngeal  lesions,  from  which  the  poisons  pro- 
duced by  the  organism  may  be  absorbed,  or  the  germ,  entering  the  cir- 
culation, may  further  embarrass  the  already  heavily  taxed  protective 
powers  of  the  patient,  causing  a fatal  issue. 

Whether  the  poisons  of  the  streptococcus  be  absorbed  from  a local 
lesion  or  produced  in  the  circulating  blood  (streptococcemia),  they  exert  a 
powerful  action  on  the  tissues.  Degenerative  or  necrotic  changes  occur 
in  the  muscles,  particularly  the  heart,  and  also  in  glandular  viscera,  especi- 
ally the  liver  and  kidneys.  The  spleen  enlarges  and  contains  areas  of 
necrosis;  proliferative  activity  is  manifested  by  the  bone-marrow,  in  which 
necrotic  processes  may  also  develop.  Degenerative,  or  rather  toxic, 
manifestations  have  been  noted  in  the  central  nervous  system.  Should 
the  streptococcus  colonize,  abscess  formation  (streptococcic  pyemia) 
occurs.  A highly  virulent  type  of  endocarditis  is  sometimes  produced  by 
this  organism.1  Localized  on  the  intima  of  the  arteries  or  veins  the 
streptococcus  produces  septic  thromboarteritis  or  thrombophlebitis,  which 
may  extend  for  a considerable  distance  along  the  course  of  the  affected 
vessel;  in  this  way  the  thrombosing  phlebitis  and  lymphangitis  (milk  leg) 
of  puerperal  sepsis  may  be  produced.  The  studies  of  Hasenknopf  and 
Salge2  and  Neufeld3  indicate  that  while  agglutination  tests  may  be  of 
value  in  the  identification  of  streptococcal  infections,  the  variability  of 
sera  and  the  agglutinability  of  various  strains  of  streptococci  render  it 
difficult  to  estimate  in  any  given  case  the  trustworthiness  of  the  results 
obtained.  The  sera  of  animals  immunized  to  the  streptococcus  have  been 
used  in  the  treatment  of  streptococcal  infections;  it  has  been  established 
that  such  sera  possess  protective  powers  and  may  be  of  value.  Serum 
obtained  from  an  animal  immunized  against  a single  strain  of  streptococci 
(monovalent  serum)  is  very  much  less  efficacious  than  that  obtained  from 
animals  immunized  to  a number  of  strains  (polyvalent  serum) ; the  latter 
has  been  found  useful  in  such  streptococcic  infections  as  erysipelas  and 
streptococcemia,  especially  that  occurring  in  puerperal  sepsis.  In  strepto- 
coccus infections  in  man  several  observers  have  shown  that  a high  opsonic 
immunity  occurs  and  that  phagocytosis  is  an  important  factor  in  estab- 
lishing recovery.  Although  streptococci  produce  endotoxins  and  exo- 
toxins, attempts  to  secure  a satisfactory  antitoxin  have  not  yielded  satis- 
factory results. 

The  Micrococcus  melitensis4  (Bruce,  1887)  is  a round  or  slightly 
oval  coccus,  about  0.3/z  to  0.5 a in  diameter,  sometimes  arranged  as 
diplococci,  rarely  forming  short  chains,  and  usually  thought  to  be  non- 


1 See  Endocarditis  in  chapter  on  Diseases  of  the  Vascular  System. 

2 Jahrb.  f.  Kinderheilk.,  1903,  vol.  lviii. 

3Zeit.  f.  Hyg.,  1903,  vol.  xlvi. 

4 See  works  referred  to  in  foot-note  page  41.  Strachan,  South  African  Med. 
Record,  Aug.  15,  1904;  Forster,  Lancet,  Feb.  17,  1906,  p.  441;  Lamb  and  Pai, 
Scientific  Memoirs  by  Officers  of  the  Medical  and  Sanitary  Departments  of  the 
Government  of  India,  n.  s.,  No.  22,  Calcutta,  1906;  Bassett-Smith,  Jour,  of  Hygiene, 
Jan.,  1907,  p.  1 15;  Roger,  Gaz.  des  Hop.,  Jan.  22  and  29,  1910. 
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motile;  with  regard  to  the  motility  authorities  are  not  agreed.  In 
cultures  occasionally  one  diameter  of  some  of  the  organisms  increases, 
giving  rise  to  bacillary  forms;  Babes  believes  it  is  a bacillus.  It  slowly 
clouds  bouillon,  eventually  forming  a deposit  but  no  surface  film.  Agar 
containing  0.5  per  cent,  peptone  is  the  best  medium;  stroke  cultures  on 
the  surface  give  rise  to  small,  whitish,  slowly  enlarging  colonies  2 mm.  to  3 
mm.  in  diameter  and  more  opaque  at  the  center  than  at  the  periphery, 
which  may  be  serrated.  There  is  a slowly  developing,  scanty  growth  on 
gelatin,  but  the  medium  is  not  liquefied. 

Demonstration. — The  organism  is  obtained  in  culture  by  inoculations 
made  from  the  spleen.  It  stains  with  the  usual  anilin  dyes,  but  is  Gram- 
negative; neither  films  nor  spreads  bear  alcohol  differentiation. 

Pathogenesis. — The  disease  produced  in  man  by  the  Micrococcus 
melitensis  is  called  Malta  fever.  The  ordinary  laboratory  animals  are 
refractory,  but  the  affection  has  been  produced  in  monkeys,  in  which 
it  runs  a typical  course.  In  man  the  spleen  in  greatly  enlarged,  soft  and 
friable;  the  incised  surface  is  dark,  intensely  congested,  and  the  sinuses 
enormously  distended  with  blood.  The  organism  can  readily  be  demon- 
strated in  the  softened  splenic  pulp.  The  liver  is  swollen,  dark  in  color, 
with  more  or  less  conspicuous  interlobular  round-cell  infiltration.  The 
kidneys  are  congested,  the  capsules  easily  detached,  and  there  may  be 
subcapsular  and  interstitial  hemorrhages.  The  large  intestine  is  often 
congested  and  the  mesenteric  glands  may  be  slightly  enlarged.  Ulcerations 
do  not  occur.  The  disease  is  of  variable  duration,  sometimes  lasting 
several  weeks;  Bruce  states  that  the  mortality  is  about  two  per  cent.  It 
has  generally  been  thought  that  infection  occurs  by  the  alimentary  canal. 
Allen  thinks  it  will  eventually  be  shown  that  Malta  fever  is  disseminated 
by  some  insect. 

Agglutination  is  of  considerable  value  in  diagnosis  although  the  dilu- 
tion necessary  may  be  anywhere  between  1 and  10  and  1 and  1000.1 

The  Micrococcus  tetragenus2  is  a nonmotile,  facultative  aerobe, 
0.6  n to  1 /j  in  diameter,  occasionally  found  in  groups  of  two,  usually 
four,  and,  in  the  body  fluids  and  tissues,  often  appears  encapsulated. 
On  gelatin  plates  it  gives  rise  to  small,  white,  finely  granular  colonies 
having  a vitreous  luster;  it  grows  well  on  agar,  potato,  and  blood-serum, 
forming  a heavy  white  surface  colony.  The  growth  is  at  first  slow,  but 
after  from  forty-eight  to  seventy-two  hours  more  rapid.  Does  not 
liquefy  gelatin. 

Demonstration. — The  tetracoccus  stains  by  the  usual  anilin  dyes  and 
by  Gram’s  method. 

Pathogenesis. — It  may  be  made  to  infect  mice  and  guinea-pigs,  but 
in  man  it  appears  to  be  largely  a saprophyte.  It  has  been  found  alone  in 
abscesses,  particularly  around  the  teeth.  Usually  it  is  encountered  in 
sputum  and  tuberculous  cavities  and  has  been  observed  with  the  pneumo- 
coccus in  the  pus  of  empyema  and  meningitis.  A tetracoccemia  has  been 
observed  in  man  and  can  readily  be  produced  in  animals. 

The  Bacillus  diphtheriae3  (Klebs,  1883;  Loffier,  1884)  is  a straight 

1 For  method  of  agglutination,  see  chapter  on  Bacteriologic  Technic. 

2 See  works  referred  to  in  foot-note  on  page  41.  Looten  and  Oui,  Ann.  de 
gynecol.  et  d’obstet.,  March,  1909;  Chiaramelli,  Riforma  Medica,  May  20,  1905; 
Bonardi,  L’Ospedale  Maggiore,  Milan,  1906. 

3 See  works  referred  to  in  footnote  p.  41.  Nuttall  and  Graham-Smith,  The 
Bacteriology  of  Diphtheria,  etc.,  The  University  Press,  Cambridge,  1908;  Ark- 
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or  slightly  curved  rod,  extremely  pleomorphous,  measuring  2 /x  to  4.8  /i 
in  length  and  0.3  /x  to  1 [x  in  breadth;  branched,  granular,  barred,  and 
other  irregular  forms  occur.  The  organism  is  a non-motile  aerobe  and 
facultative  anaerobe,  optimum  temperature  370  C.,  minimum  180  C.,  and 
does  not  grow  above  420  C. ; thermal  death-point  6o°  C.  Vitality  may  be 
preserved  for  about  a year.  It  grows  best  on  Loffler’s  blood-serum  mix- 
ture, on  which  colonies  are  visible  within  twelve  to  twenty-four  hours,  as 
small,  grayish,  glistening,  opaque  dotlets,  easily  extended  by  any  over- 
flowing water  of  condensation;  later  the  colonies  are  cream  colored.  In 
gelatin  stab  cultures,  small  whitish  or  grayish-white  dots  develop  along 
the  needle  track,  while  on  the  surface  the  puncture  is  surrounded  by  a 
growth  somewhat  thicker  in  the  middle;  the  medium  does  not  liquefy. 
Growth  on  agar  resembles  that  on  serum ; the  growth  on  neutral  or  alkaline 
potato  is  at  first  invisible  and  may  develop  a thin,  grayish  glaze.  Spore 
formation  is  not  believed  to  occur.  Grown  in  bouillon  containing  glucose 
the  medium  at  first  becomes  acid  and  later  alkaline  in  reaction;  flocculi 
and  pellicle  formation  appear. 

Demonstration. — Swabs  are  prepared  by  firmly  wrapping  one  end 
of  a piece  of  wire  (fourteen  centimeters  long  and  about  two  millimeters 
in  thickness)  with  cotton,  which  should  completely  cover  the  end,  so 
as  to  prevent  possible  injury  when  the  swab  is  applied.  Ten  centi- 
meters from  the  same  end  a second  roll  of  cotton  is  placed  around  the 
wire,  sufficiently  large  to  fit  tightly  into  the  mouth  of  a test-tube.  The 
swab  and  test-tube  are  sterilized  in  a hot-air  sterilizer.  The  inoculations 
are  obtained  by  rubbing  this  swab  over  the  affected  area  and  then  at  once 
gently  smearing  the  surface  of  a slant  tube  of  Loffler’s  medium.  Spreads 
may  also  be  made  from  the  swabs  on  cover-glasses  and  may  be  fixed  in  the 
usual  manner.  Colonies  on  Loffler’s  medium  appear  within  twenty-four 
hours.  They  are  grayish  in  color,  moist,  round  or  oval  in  outline,  slightly 
more  elevated  and  opaque  at  the  center.  Spreads  from  such  colonies, 
stained  with  Loffler’s  methylene-blue  reveal  the  organism  in  its  usual 
forms;  club-shaped  and  irregular  rods  are  commonly  present.  These  so- 
called  involution  forms,  staining  irregularly,  are  of  great  diagnostic  value, 
although  not  pathognomonic.  Sometimes  examination  of  spreads  from 
the  moist  swab  yields  data  corroborative  of  the  clinical  diagnosis;  if  the 
cotton  is  moistened  with  sterile  glucose  bouillon  and  the  swab  and  test- 
tube  incubated,  bacilli  may  be  found  in  demonstrable  numbers  before  the 
serum  culture  is  productive.  Ohlmacher  found  that  bacilli  may  be 
demonstrable  on  the  medium  some  hours  before  colonies  are  visible 
macroscopically.  He  recommends  that  after  four  hours’  incubation 
spreads  be  made  and  stained  by  the  usual  methods.  Invisible  growths 
may  be  present  after  eighteen  hours  at  room-temperature. 

Neisser's  Differentiating  Stain. — Dissolve  0.5  gm.  of  methylene-blue 
(Griibler)  in  10  c.c.  of  commercial  alcohol;  add  to  this  425  c.c.  of  dis- 
tilled water  and  25  c.c.  of  glacial  acetic  acid;  stain  cover-glass  preparations 
for  from  two  to  three  minutes;  wash  in  water,  and  stain  for  five  seconds 
in  solution  made  by  dissolving  0.5  gm.  of  vesuvin  in  250  c.c.  of  boiling 
distilled  water;  wash  in  water,  dry,  and  mount.  This  method  shows  to 
advantage  the  polar  granules  stained  blue  or  reddish-purple  (metachro- 

wright,  Jour,  of  Hygiene,  Jan.,  1908,  p.  48;  Rosenau  and  Anderson,  Hygienic 
Laboratory,  Bull.  No.  43,  March,  1908;  Goodman,  Jour,  of  Infect.  Dis.,  Oct.  20, 
1908,  p.  421;  Berghaus,  Centralbl.  f.  Bakt.,  April,  1909,  Bd.  1,  H.  i,p.  87;  Clark, 
Jour,  of  Infect.  Dis.,  May  20,  1910,  p.  335. 
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matic  granules)  of  the  diphtheria  bacillus;  remainder  of  bacillary  proto- 
plasm light  brown;  organisms  without  polar  granules  are  not  those  of 
diphtheria.  Pseudodiphtheria  bacilli  may,  although  rarely,  show  polar 
granules. 

The  pathogenicity  of  the  organism  may  be  tested  by  subcutaneous 
injection  of  0.5  c.c.  of  bouillon  culture  from  twenty-four  to  forty-eight 
hours  old.  This  should  kill  a medium-sized  guinea-pig  in  forty-eight  to 
seventy-two  hours. 

Pathogenesis. — The  virulence  of  the  organism  varies  within  wide 
limits,  is  rarely  the  same  for  any  two  cultures,  and  is  most  marked  in 
young  growths;  during  cultivation  it  is  lost  more  quickly  on  agar  than  on 
serum  or  in  bouillon.  Occasionally  attenuated  and  nonvirulent 
forms  can  be  made  to  reacquire  virulence.  Roux  and  Yersin  have 
shown  that  the  nonvirulent  organism  is  rendered  more  active  by  con- 
current infection  with  the  streptococcus— an  association  frequently 
observed  in  diphtheria.  Inoculated  on  the  mucous  membrane,  catarrhal, 
pseudomembranous,  or  gangrenous  inflammation  ensues,  with  more 
or  less  systemic  intoxication.  The  local  lesions  vary  widely  in  extent, 
and  are  sometimes  acute  and  fulminating;  Neufeld  states  that  the  chronic 
may  follow  the  acute  or  that  a local  lesion  may  be  chronic  from  the  begin- 
ning and  persist  for  months  or  even  years.  The  bacillus  may  be  present 
during  long  periods. 

The  organism  enters  the  blood  in  a considerable  percentage  of  cases. 
It  is  frequently  found  in  the  lungs  postmortem,  and  may  be  the  only 
organism  present  in  the  associated  pneumonia.  It  has  been  found  in 
endocarditis  and  may  be  excreted  in  the  urine.  The  surface  lesions  of 
diphtheria  usually  occur  in  the  throat  or  nose;  in  the  larynx  (laryngeal 
diphtheria)  pseudomembrane  formation  may  occlude  the  passage.  Diph- 
theria of  the  esophagus  and  stomach  is  rare;  the  conjunctiva,  external 
genitals,  and  anal  margin  may  be  attacked.  Blistered  surfaces  are  some- 
times infected  by  the  diphtheria  bacillus. 

Clinical  and  experimental  studies  clearly  establish  that  the  diph- 
theria bacillus  produces  all  its  manifestations  through  the  activity  of  the 
poisons  which  it  elaborates.  Often  death  appears  to  be  due  to  the  tox- 
emia alone.  Recent  studies  seem  to  indicate  that  in  order  to  explain 
the  clinical  and  pathologic  phenomena  of  diphtheria  it  is  necessary  to 
recognize  at  least  three  toxic  elements.  The  most  active  of  these  is  the 
extracellular  poison,  easily  obtained  from  cultures,  and  to  the  action  of 
which  must  be  attributed  granular,  fatty  and  necrotic  changes  in  the 
muscles,  particularly  of  the  heart,  and  the  degenerative  and  necrotic 
lesions  affecting  other  viscera,  especially  the  liver,  spleen,  and  kidneys. 
In  the  liver  more  or  less  cloudy  swelling  and  multiple  areas  of  coagulation 
necrosis  may  be  found.  The  renal  lesions  differ  widely,  and  in  the  severer 
forms  may  in  part  be  due  to  concurrent  streptococcal  infection.  In  the 
milder  cases  there  is  considerable  granular  change  in  the  tubular  epithe- 
lium, which  may  undergo  necrosis  and  be  cast  off.  An  acute  diffuse  neph- 
ritis is  not  infrequently  present,  especially  in  fatal  cases;  with  associated 
streptococcus  infection  minute  abscesses  (acute  suppurative  nephritis) 
may  be  found.  The  spleen  is  enlarged,  the  pulp  soft  and  friable,  there  is 
more  or  less  endothelial  proliferation  and  evidences  of  hemolysis;  areas  of 
focal  necrosis  are  practically  always  present. 

Welch  and  Flexner  have  shown  that  the  local  lesions  of  diphtheria  are 
probably  due  to  an  intracellular  toxin  (endotoxin) . Cruveilhier  has  shown 
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that  the  action  of  the  endotoxin  is  not  prevented  by  the  administration  of 
an  antitoxin  which  neutralizes  the  diffusible  exotoxin.  Schwoner  has 
demonstrated  that  the  diphtheria  bacillus  produces  a hemolytic  toxin 
(diphtheriolysin)  which  acts  principally  on  the  red  blood-cells.  Babon- 
neux,  in  animals,  has  succeeded  in  producing  a localized  paralysis  restricted 
to  the  region  of  the  inoculation,  not  generalizing,  often  ending  in  recovery, 
and  in  other  ways  resembling  the  diphtheritic  paralysis  occurring  late  in, 
or  coming  on  after,  diphtheria  of  man.  In  1,500  cases  of  diphtheria 
Rolleston  observed  335  in  which  evidences  of  paralysis  occurred.  In  135 
the  paralysis  was  severe  and  in  58  fatal.  Rolleston,  Bolton,  and  others  are 
of  the  opinion  that  the  diphtheritic  paralysis  in  man  is  due  to  some  endo- 
toxin. The  fact  that  the  antitoxin  treatment  of  diphtheria  has  greatly 
reduced  the  mortality,  but  not  materially  influenced  the  occurrence  of 
paralysis,  favors  this  view.  It  is  argued  that  the  prevailing  method  of 
immunizing  horses,  by  the  use  of  filtered  cultures,  affords  an  antitoxin  for 


Fig.  29. — Margin  of  Membrane  from  Tonsil,  Case  of  Diphtheria. 

A,  A.  Diphtheria  bacilli;  the  pointer  from  the  lower  A ends  in  an  area  of  granular  material.  B.  Cocci. 
C,  Strands  of  fibrin.  The  cellular  elements  present  are  squamous  epithelium,  and  polymorphonuclear 
and  hyaline  leukocytes. 

the  extracellular  poisons  but  no  protection  from  the  intracellular  toxin 
(endotoxin) . It  is  also  possible  that  the  diphtheritic  paralysis  ma}^  be  due 
to  some  poison  resembling  or  related  to  the  toxone  described  by  Ehrlich. 
Bolton  particularly  adheres  to  the  belief  that  affections  of  the  peripheral 
nerves  are  due  to  the  action  of  a toxone. 

Diphtheria  Antitoxin.1 — The  antitoxic  treatment  of  diphtheria  is 
one  of  the  most  brilliant  achievements  that  has  followed  the  laboratorv 
study  of  disease.  Repeated  administration  of  diphtheria  toxin  gives 
rise  to  powerful  antitoxic  bodies  which  are  contained  in  the  circulating 
blood  of  the  animal  treated  and  may  be  obtained  from  the  serum  in  a 
form  suitable  for  administration.  The  antitoxin,  if  administered  suf- 
ficiently early  in  an  attack  of  diphtheria,  fully  neutralizes  the  diffusible 
poisons  produced  by  the  bacillus.  In  order  to  be  successful  the  treatment 
must  be  inaugurated  early — the  earlier  the  better — and  the  agent  must  be 
administered  in  a sufficient  quantity. 

Diphtheria  antitoxin  may  also  be  used  for  immunizing  individuals 
exposed  to  infection  by  the  bacillus.  The  introduction  of  an  adequate 

'For  the  preparation  of  antitoxin  see  chapter  on  Bacteriologic  Technic. 
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amount  of  antitoxin  anticipates  infection  and  protects  against  the  toxin 
which  would  otherwise  exert  a deleterious  action  on  the  tissues  of  the 
body  even  before  symptoms  became  manifest. 

Tetanus  is  a specific  infection  due  to  the  Bacillus  tetani1  (Nicolaier). 
The  organism  is  3 fx  to  5 jx  long,  0.3  fi  to  0.7  /r  thick,  motile  (except  in  the 
spore  stage)  and  flagellated,  and  develops  involution  forms;  drum-stick 
ends  seen  on  many  of  the  bacilli  are  evidences  of  spore  formation.  The 
spore  is  almost  always  at  one  end.  Under  ordinary  conditions  the  bacillus 
is  a strict  anaerobe,  but  may,  by  prolonged  cultivation,  be  made  to  grow 
in  the  presence  of  air.  It  liquefies  gelatin  slowly  and  is  feebly  gas-produc- 
ing. Deep  stab  cultures  in  gelatin  develop  first  as  a faint  cloud  from  which 
lateral  projections  are  formed;  liquefaction  proceeds  slowly,  gas  bubbles 
appear,  and  the  organism  gradually  forms  a deposit  on  the  bottom  of  the 
tube.  It  does  not  liquefy  solidified  serum.  In  bouillon,  excluded  from 
oxygen,  development  is  rapid,  the  medium  becomes  cloudy,  fine  gas  bub- 


bles appear,  and  eventually  the  organisms  are  precipitated.  Cultures 
give  off  a distinct  odor  resembling  that  of  burning  horn.  In  bouillon  the 
reaction  becomes  clearly  alkaline;  milk  is  rendered  amphoteric  without 
coagulation.  The  organism  does  not  grow  below  140  C.,  and  develops 
poorly  at  180  C.,  the  optimum  temperature  is  370  C.,  although  cultures  may 
be  obtained  at  420  C.  Spores  resist  six  hours’  exposure  at  8o°  C.,  but  are 
killed  by  steaming  for  one  hour.  Their  resistance  to  chemic  disinfection 
is  also  great.  Miquel  has  shown  that  in  earth  they  may  live  sixteen  years. 

Demonstration. — The  organism  may  be  stained  with  any  of  the  basic 
anilin  dyes  and  is  Gram-positive;  the  spore  is  more  resistant  and  often 
stains  at  the  periphery  only.  The  tetanus  bacillus  is  difficult  to  obtain 

1 Sec  references  in  footnote  p.  41.  Vincent,  Ann.  de  l’Inst.  Pasteur,  July  25, 
1 Q04,  p.  450;  Holbeck,  Deut.  med.  Woch.,  March  5,  1903;  Creite,  Centralbl.  f. 

Bakt.,  Oct.  17,  1904,  p.  312;  Sachs,  Berl.  klin.  Woch.,  1904,  No.  16;  Demontmerot, 
These' de  Paris,  1904,  No.  471;  Tiberti,  Centralbl.  f.  Bakt.,  1905,  Bd.  xxxviii,  p. 
281;  Meyer  and  Ransom,  Arch.  f.  Exper.  Path.  u.  Pharmacol.,  1904,  Bd.  xlix; 
Anders  and  Morgan,  Jour.  Amer.  Med.  Assoc.,  July  29,  1905,  p.  314;  Jacobson 
and  Pease,  Annals  of  Surgery,  Sept.,  1906,  p.  321;  Rabinowitsch,  Arch.  f.  Hygiene, 
1907,  lxi,  103;  Smith,  Jour.  Amer.  Med.  Assoc.,  March  21,  1908,  p.  929;  Rein- 
hardt and  Assim,  Centralbl.  f.  Bakt.,  Bd.  xlix,  March,  1909,  p.  583;  Federow  and 
Ikonnikow,  Centralbl.  f.  Bakt.,  Bd.  liv,  April,  1910,  p.  352;  Joseph,  Zeitschr.  f. 
Infektionskrank.  der  Haustiere,  Jan.,  1910. 
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in  culture;  the  best  results  are  secured  by  making  anaerobic  cultures 
which,  when  fully  developed  and  containing  drumstick  organisms,  are 
exposed  to  a temperature  of  8o°  C.  for  forty- five  minutes;  this  treatment 
usually  destroys  the  associated  bacteria.  Richardson  recommends  cul- 
tivation in  blood-serum  at  370  C.  for  several  days,  using  tissue  or  pus  from 
the  wound.  The  growth  of  symbiotic  organisms  consumes  the  oxygen 
and  permits  the  tetanus  bacillus  to  develop.  The  resulting  semifluid 
offensive  mass  is  then  subjected  to  heating  and  anaerobic  cultures  are 
made.  The  presence  of  drumstick  bacilli  indicates  that  the  culture 
contains  the  tetanus  or  pseudotetanus  bacillus  described  by  Bain.1  The 
latter  organism  is  Gram-negative,  nonpathogenic  for  guinea-pigs;  does 
not  liquefy  gelatin  or  glucose-gelatin,  and  glucose-agar  cultures  are  un- 
like the  true  tetanus  bacillus. 

Pathogenesis. — The  tetanus  bacillus  usually  infects  man  and  horses, 
although  mice,  white  rats,  and  guinea-pigs  are  susceptible.  In  the  tis- 
sues the  growth  of  the  organism  is  usually  restricted  to  the  point  of  in- 
oculation, but  has  been  found  in  the  blood;  Creite  has  isolated  it  from  the 
lungs.  Manifestations  due  to  the  bacillus  are  brought  about  entirely 
through  the  action  of  its  powerful  toxins,  of  which  Prieger  found  that 
0.000005  gm.  would  kill  a mouse.  According  to  Kupnik,  tetanus  toxin 
exerts  a local  action  on  the  muscles  or  the  nerve-endings  in  the  muscle, 
but  all  observers  agree  that  its  chief  manifestation  is  brought  about  by 
its  influence  on  the  motor  cells  of  the  spinal  cord.  Wassermann  showed 
that  tetanus  toxin  became  firmly  attached  to  nerve  tissues;  in  discussing 
the  problems  of  immunity  I have  already  referred  to  this  fact.  Recent 
studies  by  a number  of  investigators  indicate  that  the  poison  reaches  the 
nerve-centers  by  passage  along  the  larger  trunks  rather  than  by  the  general 
circulation,  as  previously  believed;  this  fact  offers  an  explanation  for  the 
occasional  occurrence  of  symptoms  beginning  in  the  muscles  near  the  point 
of  infection.  In  addition  to  its  action  on  the  nervous  elements  it  has  been 
shown  that  the  bacillus  produces  a hemolytic  poison. 

Postmortem,  areas  of  hyperemia  may  be  found  in  the  spinal  cord ; under 
the  microscope  points  of  hemorrhage  are  sometimes  found  with  moderate 
alteration  in  the  nuclei  (karyolysis)  and  conspicuous  changes  in  the  Nissl 
bodies  (tigrolysis)  of  the  motor  cells.  Marinesco  has  shown  that  impor- 
tant alterations  in  the  neurofibrils  are  also  present,  and  Odier  has  demon- 
strated degenerative  changes  in  the  nerves.  The  alterations  found  in  the 
muscles  are  the  result  of  the  spasm  and  not  due  directly  to  the  action  of  the 
tetanus  poison.  They  consist  in  microscopic  or  macroscopic  hemorrhages 
and  occasionally  fragmentation  of  the  muscle  fibers  or  even  gross  tears. 

Tetanus  Antitoxin. — Tetanus  is  probably  the  best  example  of  a disease 
produced  by  a toxic  microorganism;  for  this  reason  much  was  hoped  for 
antitoxin  treatment.  An  effective  antitoxin  can  readily  be  obtained  from 
immunized  animals,  and  it  is  easily  established  that  it  efficiently  neutral- 
izes the  poison  produced  by  the  bacillus.  The  administration  of  anti- 
toxin, however,  in  cases  of  tetanus,  has  been  disappointing.  This  well- 
recognized  clinical  result  may  depend  upon  the  toxin  having  become 
firmly  anchored  to  tissues  before  symptoms  are  manifest,  the  antitoxin 
being  administered  too  late  to  prevent  irreparable  damage.  As  the  toxin 
acts  intensely  upon  the  central  nervous  system,  subdural  injection  of  the 
antitoxin  has  been  practised,  but  even  when  administered  in  this  manner, 

1 Jour.  Boston  Soc.  of  the  Med.  Sciences,  1901,  vol.  v,  p.  506. 
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its  influence  on  the  disease  falls  far  short  of  our  expectations.  The  best 
use  to  which  the  antitoxin  has  been  put  is  for  the  purpose  of  immunizing 
individuals  in  whom  infected  wounds,  likely  to  cause  tetanus,  have  been 
received. 

Meat  Poisoning. — The  consumption  of  meat  in  which  bacterial  decom- 
position has  led  to  the  production  of  toxic  substances  gives  rise  to  a variety 
of  intoxications,  among  which  should  be  mentioned  botulism,  due  to  a toxin 
produced  by  the  Bacillus  botulinus.1  The  germ  is  4 u.  to  6 //  in  length  and 
0.9  /x  to  1.2  //in  thickness,  strictly  anaerobic,  flagellated,  slightly  motile, 
growing  as  low  as  160  C.  and  up  to  40°  C.,  with  an  optimum  temperature 
between  250  C.  and  30°  C.  The  spores  are  killed  by  exposure  to  8o°  C. 
for  one  hour.  It  liquefies  gelatin  with  the  evolution  of  gas,  and  produces 
acids,  among  which  may  be  mentioned  butyric  acid,  but  does  not  coagu- 
late milk. 

Demonstration. — The  Bacillus  botulinus  stains  by  the  usual  methods, 
and  with  care  in  differentiation  is  Gram-positive.  The  flagella  are  difficult 
to  stain.  Cultures  may  readily  be  obtained  by  the  usual  anaerobic  methods. 

Pathogenesis. — The  organism  does  not  grow  readily  in  the  living  tis- 
sues of  man  or  lower  animals,  but  exerts  its  disease-producing  quality 
by  means  of  poisons  of  extreme  activity;  it  is  not  destroyed  by  tempera- 
tures under  70°  C.,  nor  by  the  digestive  juices.  Growing  in  pork,  sausage, 
or  other  meat,  the  elaborated  poisons  are  retained  in  the  food  and  manifest 
their  deleterious  action  after  the  food  is  taken.  The  studes  of  Marinesco, 
Kempner  and  Pollack,  and  also  Pollack  and  Brieger,  have  shown  that 
the  toxin  affects  particularly  the  central  nervous  system,  the  ganglion 
cells  of  which  may  be  the  seat  of  marked  chromatolysis.  Animals  may 
be  immunized  to  the  action  of  the  poison,  and  an  antibotulin  has  been 
found  useful  in  treating  the  intoxication  produced  by  the  germ  poison. 

An  analogous  intoxication — Ichthysmus — results  from  eating  fish  and 
is  probably  due  to  the  rsame  bacillus  as  that  of  meat  poisoning  or  some 
closely  allied  germ.  Konig  and  others  have  recorded  cases  of  meat 
poisoning  due  to  paratyphoid  bacilli;  cocci  (Kuhl)  have  also  been  found 
capable  of  rendering  meat  toxic. 

Anthrax,2  Malignant  Pustule,  Mycosis  intestinalis,  Anthracemia, 
and  Wool-sorter’s  Disease  (, Splenic  Fever,  Mal-de-rate,  Milzbrand ) are 
names  applied  to  an  infectious  disease  occurring  in  man  and  most  verte- 
brate animals,  and  due  to  the  Bacillus  anthracis.  The  organism  is  rod- 
shaped, spore-forming,  nonmotile,  and  grows  at  temperatures  between 
1 20  C.  and  450  C.,  the  optimum  being  3 70  C.  The  spore-free  bacillus  is  killed 
at  about  6o°  C.  (moist  heat) ; the  spores  require  boiling  for  at  least  one 

1 See  works  referred  to  in  footnote  p.  41.  Forssman,  Centralbl.  f.  Bakt.,  March 
29,  1905^.463;  Tchitchkine,  Ann.  de  l’lnst.  Pasteur,  May  25,  1905,  p.  336;  Morgan, 
Brit.  Med.  Jour.,  June  10,  1905,  p.  1257;  Konig,  Centralbl.  f.  Bakt.,  Bd.  1,  May,  1909, 
p.  129;  Kuhl,  Centralbl.  f.  Bakt.,  Bd.  liii,  Dec.,  1909,  p.  37;  Leughs,  Zeit.  f.  Hyg., 
lx v , t.  1,  Feb.,  1910,  p.  55. 

2 Hektoen,  Jour,  of  Infect.  Dis.,  March,  1906,  p.  102;  Gruber  andFutaki,  Munch, 
med.  Woch.,  Feb.  5,  1907;  Schwartz  and  Royer,  Amer.  Jour,  of  Dermatol.,  August, 
1908,  p.  313;  Preisz,  Centralbl.  f.  Bakt.  Feb.,  1909,  Bd.  xlix,  H.  3,  p.  341;  Streuff, 
Centralbl.  f.Bakt.,  Bd.  1,  H.  2,  May,  1909,  p.  1 56;  Fischoeder,  Centralbl.  f.  Bakt.,  Bd.  li, 
H.  4,  Sept.,  1909,  p.  320;  Page,  Journ.  of  Hyg.,  Nov.,  1909,  No.  3,  vol.  ix,  p.  279;  Gra- 
bert,  Zeitschr.  f.  Infektionskr.  u.  Hyg.  der  Haustiere,  t.  vii,  April  n,  1910;  Ascoli  and 
Valenti,  Zeitschr.  f.  Infektionskr.  u.  Hyg.  der  Haustiere,  t.  vii,  June  13,  1910;  Krogh, 
Centralbl.  f.  Bakt.,  Bd.  liv,  H.  2,  March,  1910;  Weil  and  Nunokawa,  Centralbl.  f. 
Bakt.,  Bd.  liv  H.  3,  April,  1910,  p.  262;  Shennan  and  Miller,  Jour,  of  Path,  and 
Bact.,  vol.  xiv,  1910,  p.  556. 
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hour.  In  breadth  the  bacilli  measure  from  i <x  to  1.5/1;  in  length  the 
typical  rod  is  4 /x  to  8 /x,  but  long  continuous  threads  often  occur.  In  agar 
or  gelatin  plates  the  growth  appears  as  a small,  white  dotlet  which  later 
develops  hair-like  projections  from  the  periphery,  and  in  gelatin  liquefies 
the  medium.  In  bouillon  threads  and  flocculi  are  formed  which  later 
precipitate.  Stab  cultures  in  gelatin  show  the  characteristic  inverted 
fir-tree  growth  consisting  of  a dense  stem  along  the  track  of  the  needle 
with  innumerable  lateral  projections;  later  liquefaction  occurs.  The 
organism  coagulates  and  peptonizes  milk  with  the  evolution  of  acid. 

With  regard  to  the  toxin  production  we  are  indifferently  informed. 
Various  substances  have  been  isolated  from  the  cultures  and  from  the 
organism;  some  of  these  are  toxic.  Vaughan  has  established  the  presence 
of  an  intracellular  toxin,  and  the  studies  of  Martin  indicate  that  the 
poison  producing  local  symptoms  is  different  from  that  causing  fever  and 
other  systemic  phenomena;  discussions  as  to  the  exact  chemistry  of  the 
poisons  elaborated  by  the  bacillus  have  not  been  illuminating. 

Attenuation. — Pasteur  found  that  by  cultivation  at  430  C.  the  organism 


Fig.  31. — Bacillus  anthracis  in  Blood  op  Rabbit. 

became  less  virulent  and  ceased  to  form  spores;  after  twenty-four  days 
it  failed  to  transmit  the  disease  in  susceptible  animals,  which  later  with- 
stood inoculation  with  bacilli  grown  at  the  same  temperature  (420  C.) 
for  twelve  days;  animals  receiving  both  these  vaccinations  became 
immune  to  virulent  bacilli,  although  the  insusceptibility  was  of  relatively 
short  duration,  not  exceeding  one  year.  Sobernheim  immunizes  by  the 
simultaneous  administration  of  5 c.c.  of  anti-anthrax  serum  and  0.25  to 
0.5  c.c.  of  culture.  Anti-sera  have  been  prepared  by  Sclavo,  Sobernheim, 
Mendez  and  others.  Sclavo  obtains  serum  from  immunized  sheep,  and 
uses  it  not  only  for  producing  insusceptibility  but  for  the  treatment  of 
anthrax  in  man ; the  mortality  from  anthrax  in  the  whole  of  Italy  is  twenty- 
four  per  cent.;  of  the  cases  treated  by  Sclavo’s  serum,  six  per  cent.  died. 

Demonstration. — From  a case  of  suspected  anthrax  cultures  should 
be  made,  a guinea-pig  or  mouse  inoculated  with  the  suspected  material, 
and  spreads  from  the  blood  and  diseased  tissue  stained  with  the  usual 
dyes  and  by  Gram’s  method.  Frequently  the  films  contain  demonstrable 
numbers  of  Gram-positive  rods  with  squarely-cut  ends.  By  the  time 
characteristic  cultures  have  been  obtained  the  inoculated  animal  will 
probably  have  died  and  the  demonstration  of  the  organism  in  its  blood  is 
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quite  conclusive.  Blood  cultures  from  a patient  are  of  both  diagnostic 
and  prognostic  value. 

Pathogenesis. — In  man  several  closely  related  forms  of  anthrax 
occur;  infection  is  usually  brought  about  by  handling  hides,  carcasses, 
hair,  or  wool  derived  from  infected  animals.  It  is  possible  to  recognize 
three  paths  of  infection — cutaneous,  intestinal,  and  pulmonary — and 
possibly  to  these  should  be  added  the  conjunctival  and  an  occasional 
instance  of  blood  infection  in  which  the  point  of  entrance  cannot  be 
determined.  It  is  possible  that  infection  may  occur  by  bites  of  insects, 
and  it  is  certain  that  minute,  often  unsuspected  solution  in  the  continuity 
of  the  surface  epithelium  may  permit  entrance  of  the  organism.  A num- 
ber of  cases  of  transplacental  infection  are  on  record  Of  215  cases  Page 
found  that  12  were  pulmonary;  a single  case  of  intestinal  infection  proved 
fatal. 

Cutaneous  anthrax,  in  over  ninety  per  cent,  of  the  cases,  begins  on  the 
arm,  face,  or  neck.  There  is  rarely  more  than  one  primary  lesion,  although 
four  have  been  observed  in  a single  case.  The  affection  begins  as  a red 
papule  and  rapidly  develops  into  a vesicle,  which,  as  it  enlarges,  is  attended 
by  the  formation  of  a red  brawny  induration  at  the  base  and  later  a 
necrotic  area  appears  in  the  center.  In  severe  forms  the  edema  is  brawny 
and  extensive.  In  some  cases  the  intense  redness  merits  the  term  erysipel- 
atous anthrax.  The  lymph-nodes  in  the  immediate  vicinity  of  the  affected 
area  are  usually  enlarged. 

When  the  bacillus  enters  by  the  alimentary  canal  intestinal  anthrax 
(. Mycosis  intestinalis ) is  produced.  The  ileum  and  caput  coli  are  prin- 
cipally affected;  the  mucous  membrane  of  these  structures  is  injected, 
and  not  infrequently  the  seat  of  minute  ulcers  and  diffuse  submucous 
hemorrhages.  This  form  is  practically  always  fatal. 

In  pulmonary  anthrax,  blood  infection  ( anthracemia ) develops  early. 
At  autopsy  the  lungs  are  edematous,  often  gelatinous;  subpleural 
ecchymoses  and  effusions  into  the  cavities,  particularly  the  thoracic,  are 
usually  present.  In  most  cases  more  or  less  bronchitis  and  enlargement 
of  the  bronchial  glands  are  present.  The  bacilli  are  present  in  large  num- 
bers in  the  bronchial  mucsa,  which  also  shows  areas  of  hemorrhage;  the 
contained  mucus  may  be  loaded  with  bacilli,  which  are  abundant 
throughout  the  tissues. 

No  matter  from  what  point  infection  occurs,  when  the  bacillus  en- 
ters the  circulation  widely  distributed  changes  occur  in  the  tissues. 
The  muscles,  including  the  heart,  are  darker  than  normal,  and  frequently 
contain  minute  hemorrhages;  ecchymoses  may  also  be  found  beneath 
the  serous  membranes;  even  the  meninges  and  brain  are  affected.  In 
man  splenic  enlargement  is  less  constant  than  in  lower  animals.  The 
organ  is  usually  increased  in  size,  dark  in  color,  and  the  pulp  diffluent. 
The  bacilli  may  readily  be  cultivated  from  all  the  organs  and  are  often 
present  in  enormous  numbers. 

The  bacillus  of  symptomatic  anthrax1  is  a motile,  flagellated,  an- 
aerobic, spore-forming  organism,  3/*  to  5//  long,  and  0.5 ;i  to  o.6/t  thick, 
with  rounded  ends,  occurring  singly  and  in  pairs.  It  liquefies  gelatin, 
developing  small,  irregular  spheres  which  later  give  off  lateral  spicules; 
the  cultures  yield  an  acrid,  penetrating  odor.  The  organism  produces 
gas  and  acid,  and  rapidly  coagulates  milk.  The  optimum  temperature 

’See  works  referred  to  in  footnote,  p.  41. 
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is  370  C.  to  40°  C.,  the  minimum  130  C.  The  organism  is  extremely 
resistant  to  heat,  requiring  at  least  one  hour’s  boiling  in  order  to  assure 
destruction. 

Demonstration. — The  bacillus  stains  by  the  ordinary  anilin  dyes; 
if  subjected  to  prolonged  staining  and  brief  differentiation  it  may  stain 
by  Gram’s  method;  most  observers  class  the  organism  among  the  Gram- 
negative bacteria.  Pure  cultures  may  be  obtained  in  much  the  same 
manner  as  directed  for  tetanus  (see  page  93). 

Pathogenesis. — The  bacillus  is  the  cause  of  symptomatic  anthrax 
(black-leg  or  quarter  evil),  known  to  the  French  as  “charbon  sympto- 
matique,”  and  to  the  Germans  as  “ Rauschbrand.”  Guinea-pigs  are 
very  susceptible;  natural  infection  occurs  in  cattle,  sheep,  and,  rarely,  in 
goats.  Cats,  dogs,  pigs,  rabbits,  chickens,  and  ducks  are  immune.  It  is 
not  known  to  infect  man. 

The  clinical  syndrome  to  which  the  name  Influenza  is  given  can  prob- 
ably be  produced  by  a number  of  organisms  prominent  among  which  is 
the  influenza  bacillus.  In  some  epidemics  the  Bacillus  influenzae  is 
absent,  the  etiologic  organisms  being  members  of  the  streptococcus  group, 
including  the  pneumococcus,  Micrococcus  catarrhalis,  and  occasionally 
staphylococci.  When  due  to  the  Bacillus  influenzae  the  condition  may 
be  termed  Influenza  Vera;  in  the  absence  of  this  organism  the  affection  is 
called  Influenza  Nostras.1  The  terms  influenza  and  “grippe”  are  rather 
loosely  applied,  the  general  meaning  being  that  both  are  due  to  the 
influenza  bacillus. 

Influenza  vera  is  an  infectious  disease  due  to  the  Bacillus  influenzae2 
(Pfeiffer),  an  extremely  thin  organism  0.2  to  0.5  p.  in  length;  it  is  non- 
motile  and  aerobic;  the  optimum  temperature  is  36°  C.  to  38°  C. ; the  germ 
ceases  to  grow  below  28°  C.  and  above  420  C. ; the  thermal  death-point  is 
about  6o°  C.  For  cultivation  a medium  containing  hemoglobin  is  neces- 
sary; blood-serum  does  not  serve,  although  blood-smeared 
agar  or  media  containing  blood  may  be  used.  On  suit- 
able solid  media  the  organism  develops  in  the  form  of 
numerous,  small,  transparent,  colorless,  homogeneous 
droplets  which  with  age  take  on  a yellowish  or  brownish 
hue,  but  do  not  become  confluent.  The  vitality  of  the 
bacillus  is  low  and  re-inoculations  must  be  made  every 
third  or  fourth  day. 

Demonstration. — The  Bacillus  influenzae  is  stained  by 
the  ordinary  anilin  dyes.  Carbol-fuchsin  diluted  with 
nine  parts  of  water  is  especially  recommended.  In  order 
to  obtain  cultures  appropriate  media  are  inoculated  with  nasal  or  bron- 
chial mucus  diluted  with  sterile  water;  a number  of  tubes  should  be  pre- 
pared, as  associated  organisms  frequently  overgrow  the  bacillus. 

Pathogenesis. — The  bacillus  of  influenza  is  found  in  the  bronchial  and 
nasal  mucus,  and  occasionally  in  the  blood  of  infected  individuals;  in  the 

1 Lord,  Pub.  Mass.  Gen.  Hosp.,  Oct.,  1909,  vol.  ii,  No.  2;  Davis,  Arch.  Intern. 
Med.,  Sept.,  1908;  Rose,  La  Sem.  Med.,  March  2,  1910;  Curschmann,  Munch, 
med.  Woch.,  Feb.  23,  1909;  Possek,  Wien.  klin.  Woch.,  March  11,  1909. 

2 Wollstein,  Jour.  Exp.  Med.,  Dec.  21,  1906,  p.  681;  Influenza  Number  of  The 
Practitioner,  Jan.,  1907;  Franke,  Beiheft  zur  Wien.  med.  Klin.,  Heft  xo,  1909. 
Holt,  Arch.  Int.  Med.,  May  15,  1910,  p.  452;  Jochmann  Ergebnisse  d.  Allg.  Path.  u. 
Path.  Anat.,  Lubarsch  and  Ostertag,  1 Abt.,  1909,  p.  107;  Cohoe,  Amer.  Jour, 
of  Med.  Sci.,  Jan.,  1909,  p.  x. 
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mucus  from  the  respiratory  passages  it  can  readily  be  demonstrated,  and 
often  persists  long  after  clinical  recovery.  Influenza  meningitis  is  a rare 
but  well  established  form  of  the  infection.  The  influenza  bacillus  has  also 
been  found  in  otitis  media,  conjunctivitis,  pleurisy,  endocarditis,  enceph- 
alitis, cholecystitis,  pyelonephrosis,  and  arterial  thrombosis.  Inflamma- 
tion of  the  mucosa  produced  by  the  bacillus  is  of  the  catarrhal  form;  the 
abundant  mucus  contains  varying  numbers  of  phagocytes  in  which  the 
bacilli  are  often  found.  Influenza  pneumonia  is  of  the  catarrhal  type  and 
manifested  by  numerous  small  foci  of  consolidation.  Such  areas  consist 
histologically  of  distended  alveoli  containing  polymorphonuclear  and 
hyaline  cells,  and  viscid  fluid  giving  a mucin  reaction.  The  fact  that  in 
some  cases  the  exudate  is  particularly  rich  in  polymorphonuclear  cells 
indicates  that  the  bacillus  possesses  pyogenic  powers.  It  has  been  found 
in  pure  culture  in  abscesses  and  is  frequently  associated  with  other 
bacteria;  as  is  well  known,  influenza  is  not  an  infrequent  complication  of  a 
number  of  affections.  The  bacillus  is  sometimes  associated  with  the 
pneumococcus  in  croupous  pneumonia,  and  is  occasionally  present  in 
inflammations  of  other  serosae  than  the  meninges,  but  is  rarely  alone. 


Fig.  33. — Bacillus  of  Symptomatic  Anthrax  between  Muscle-fibers  of  Inoculated  Guinea-pig. 

Of  the  toxins  produced  by  the  influenza  bacillus  accurate  information 
is  needed.  That  the  symptomatology  depends  largely  upon  the  influence 
of  one  or  more  poisons  seems  perfectly  clear;  in  no  other  way  is  it  possible 
to  explain  the  symptoms,  especially  the  profound  depression,  and  such 
sequelae  as  neuritis  and  myelitis,  which  sometimes  follow  the  disease.  It 
has  not  been  possible  to  produce  immunity  in  animals,  and  in  man  one 
attack  affords  no  protection  and  relapses  are  common. 

Under  the  name  Bacillus  mucosus  capsulatus1  is  included  a number 
of  closely  allied  organisms,  probably  different  strains  of  a group,  one  of 
the  most  important  members  of  which  is  the  Bacillus  pneumoniae  (Fried- 
lander),  a pleomorphic  organism  slightly  less  than  1 fi  in  width  and  vary- 
ing in  length  from  1 a to  4 or  5 ji.  It  is  aerobic,  nonmotile  and  in 
tissues  and  secretions,  encapsulated.  The  optimum  temperature  is 
370  C.,  the  minimum  140  C.,  the  maximum  40°  C.,  and  the  thermal  death- 

1 See  works  referred  to  in  footnote  p.  41.  Phillippi,  Munch,  med.  Woch., 
1902,  No.  45,  p.  1884;  Baumgarten,  Wien.  klin.  Woch.,  Sept.  8,  1904,  p.  966; 
Perkins,  Jour.  Infect.  Dis.,  vol.  i,  No.  2,  1904;  Stuehlern,  Centralbl.  f.  Bakt., 
xxxvi,  No.  4.  Hewitt,  The  Johns  Hopkins  Hosp.  Bull.,  vol.  xx,  No.  216,  1909. 
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point  about  56°  C.  In  gelatin  stab  cultures  a round  whitish  surface 
elevation  develops,  from  the  center  of  which,  a long,  narrow,  pin-like 
projection  extends  downward  into  the  medium  (“nail-growth”).  The 
gelatin  near  the  growth  may  darken,  gas  sometimes  forms,  but  lique- 
faction does  not  occur.  On  agar  and  serum  the  whitish  or  faintly  yellow- 
ish-white, smooth,  often  glistening  growth  follows  the 
course  of  the  needle  stroke.  In  saccharine  media  it  pro- 
duces  acid  with  the  liberation  of  gas,  especially  if  chalk 
be  added  to  the  culture.  Grimbert,  Frankland,  Perkins  Fig  34_Bacil_ 
and  the  others  have  shown  that  all  the  members  of  this  lus  of  Influ- 
group  do  not  give  rise  to  the  same  fermentative  changes.  diameters.1000 

Demonstration. — The  organism  stains  with  the  usual 
anilin  dyes  but  not  by  Gram’s  method;  to  the  latter  statement,  how- 
ever, there  are  occasional  exceptions.  For  staining  the  capsule  in 
properly  fixed  spreads  or  in  section  Friedlander  recommends  the  follow- 
ing: (1)  Stain  in  the  following  solution  for  twenty-four  hours: 


Saturated  alcoholic  solution  of  gentian-violet, 50  parts. 

Distilled  water 100  parts. 

Acetic  acid  10  parts. 


(2)  wash  one  or  two  minutes  in  one  per  cent,  aqueous  solution  of  acetic 
acid;  (3)  dehydrate  in  alcohol;  (4)  clear  in  cedar  oil;  (5)  mount  in  xylol 
balsam. 

Pathogenesis. — Although  mice,  guinea-pigs,  and  rabbits  are  refrac- 
tory to  small  doses,  they  can  be  infected.  The  organism  is  sometimes 
found  in  the  nasal  mucosa  of  normal  individuals.  It  occurs  in  from 
five  to  eight  per  cent,  of  the  cases  of  croupous  pneumonia  and  in  about 
fifteen  per  cent,  of  bronchopneumonia.  The  studies  of  Baumgarten, 
Stuehlern,  and  others  indicate  that  it  may  be  an  independent  exciter  of 
croupous  pneumonia,  although  this  disease  is  usually  associated  with  the 
pneumococcus.  Occasionally  the  bacillus  is  present  in  endocarditis, 
pericarditis,  and  otitis  media;  it  has  been  obtained  from  the  blood  during 
life.  Cionnini1  has  collected  24  cases,  of  angina  resembling  diphtheria 
due  to  the  bacillus  of  Friedlander.  Etienne  has  shown  that  it  is  pres- 
ent in  many  infections;  the  organism  has  been  obtained  in  pure  culture 
from  pus.  It  has  been  encountered  in  pyelonephritis,  cystitis,  and  infec- 
tions of  the  tunica  vaginalis  testis,  epididymis,  and  testicle. 

Pest,3  Plague,  Bubonic  Plague,  Oriental  Plague,  or  Pestilentia  is  a 
specific  infections  disease,  endemic  in  certain  parts  of  Asia  and  Africa, 
in  which  regions  and  elsewhere  the  affection  sometimes  assumes  epidemic 
proportions.  The  Bacillus  pestis  is  a short  rod  with  rounded  ends,  some- 

1 Rif.  Med.,  June  17,  1903. 

2 See  works  referred  to  in  footnote,  p.  41.  Thiroux,  Ann.  de  l’lnst.  Pasteur, 
Jan.  2^,  1905,  p.  62;  Harris  and  Arnold,  Phila.  Med.  Jour.,  April  7,  1900;  Durck, 
Zieg.  Beitr.,  Suppl.  Heft,  1904,  exhaustive  study  of  pathological  anatomy  with  full 
bibliography;  Herzog,  Bulletin  No.  23,  Oct.,  1904,  Biological  Laboratories, 
Department  of  the  Interior,  Bureau  of  Government  Laboratories;  Herzog,  Amer. 
Jour,  of  Med.  Sci.,  March,  1905,  p.  504;  Klein,  Studies  in  the  Bacteriology  and 
Etiology  of  Oriental  Plague,  1906;  Besredka,  Ann.  de  l’lnst.  Pasteur,  April  25, 
1906;  Strong,  Philippine  Jour,  of  Sci.,  June  15,  1007,  p.  157;  Reports  on  Plague 
Investigations  in  India,  Jour,  of  Hyg.,  July  and  Dec.,  1907.  Verjbitski,  Jour,  of 
Hyg.,  May,  1908,  p.  162;  Belleli,  Arch.  gen.  de  Med.,  March,  1909;  McCoy,  Jour. 
Infect.  Dis.,  April,  1909,  p.  170,  and  Nov.,  1909;  de  Brun,  Bull,  de  l’Acad.  de  Med., 
Paris,  July  20,  1909,  p.  57;  Bahadur  and  Choksy,  Amer.  Jour,  of  Med.  Sci.,  Sept. 
1909,  p.  1. 
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times  designated  a coccobacillus;  it  measures  0.3  /i  to  0.7  a in  width  and 
1 fj.  to  4 ft  in  length.  In  cultures  chains  of  coccoid  bacilli  develop  and 
the  length  of  detached  organisms  varies  more  than  in  the  tissues.  Polar 
staining  is  more  marked  in  bacilli  contained  in  the  tissues  than  in  those 
derived  from  cultures.  In  agar  containing  two  to  three  per  cent,  sodium 
chlorid,  yeast-like  forms  may  be  present;  this  reaction  is  of  value  in  iden- 
tifying the  organism.  In  gelatin  the  bacillus  at  220  C.  forms  small,  round, 
granular,  yellowish,  refractile  and  semi-transparent  colonies  without 
liquefaction.  The  colonies  on  agar  are  whitish  and  slightly  transparent 
with  irregular  borders;  the  growth  clouds  bouillon  slowly,  and  after  some 
days  deposits  a flocculent  sediment.  A few  drops  of  cocoanut  oil  or 
melted  butter  on  the  surface  of  the  last-named  medium  causes  the  pro- 
duction of  growths  extending  downward  as  conical,  long,  shaggy,  thread- 
like projections.  These  “stalactite”  cultures  develop  only  when  the 
medium  is  perfectly  still,  the  slightest  agitation  detaching  the  pendulous 
masses;  stalactite  formation  is  of  great  diagnostic  value.  The  organism 
grows  most  luxuriantly  in  alkaline  media,  but  a faintly  acid  nutrient 
facilitates  separation  of  the  Bacillus  pestis  from  the  pneumococcus. 
The  minimum  temperature  is  about  20°  C.  or  slightly  below,  the  optimum 


Fig.  35. — Highly  Magnified  Portion  of  a Necrotic  Lymph-node  Showing  Pest  Bacilli. 
Specimen  fixed  in  solution  of  Foa,  embedded  in  paraffin  and  stained  in  carbol-toluidin  blue  forty-eight 
hours,  and  differentiated  by  glycerin-ether.  (Harris.)  Zeiss  "b”  eye-piece  and  1/12  inch  homogen- 
eous oil-immersion  objective,  a.  Polymorphonuclear  leukocyte,  b,  0.  Lymphoid  cells,  c.  Phago- 
cyte containing  pest  bacilli,  d.  Degenerating  phagocyte  containing  bacilli.  The  nucleus  of  this  cell 
has  disappeared. 

370  C.,  above  which  point  the  organism  does  not  grow  well;  Abel’s  ex- 
periments show  that  it  is  killed  by  boiling  one  minute,  at  90°  C.  in  five 
minutes,  at  70°  C.  in  ten  minutes,  and  often  dies  after  one  hour’s  exposure 
to  550  C.  The  bacillus  is  not  motile,  may  produce  indol,  and  is  aerobic, 
although  feeble  growths  may  be  obtained  when  air  is  excluded.  The 
toxins  produced  by  the  Bacillus  pestis  are  largely,  although  not  exclusively, 
intracellular.  Experimental  studies  and  the  abundance  with  which  the 
bacillus  is  found  in  the  tissues  indicate  that  the  organism  is  not  highly 
toxic,  certainly  not  in  the  sense  as  diphtheria,  tetanus,  and  allied  bacteria. 
Besredka  has  shown  that  plague  endotoxin  is  destroyed  at  70°  C. 

Demonstration. — In  cases  of  suspected  plague  an  enlarged  gland, 
through  a previously  asepticized  field,  should  be  punctured  by  a hypo- 
dermic needle.  From  the  fluid  obtained  in  this  way  cover-glass  spreads 
and  cultures  should  be  made  and  rats  and  guinea-pigs  inoculated.  Blood 
cultures  are  often  of  great  value  and  should  be  obtained  whenever  pos- 
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sible.  Open  or  discharging  buboes  frequently  contain  so  many  con- 
current organisms  that  there  may  be  difficulty  in  isolating  the  plague 
bacillus.  In  the  cadaver  inoculations  and  spreads  from  the  blood  and 
viscera,  and  particularly  the  spleen,  yield  data  requisite  for  diagnosis. 
Inoculated  animals  usually  manifest  more  or  less  local  infiltration  and 
necrosis,  the  adjacent  lymph-nodes  enlarge,  bacteremia  often  develops 
rapidly,  and  death  frequently  occurs  in  from  two  to  five  days.  The 
bacilli  are  abundantly  present  in  the  blood  and  organs,  and  from  both 
they  may  be  demonstrated  in  films.  The  Bacillus  pestis  stains  with  the 
ordinary  anilin  dyes  but  not  by  Gram’s  method.  Carbolfuchsin  diluted 
with  nine  parts  of  water  may  be  used,  but  the  best  results  in  tissues  are 
obtained  with  carbol-thionin  or  carbol-toluidin  blue;  differentiation  must 
not  be  prolonged. 

Pathogenesis. — In  man  infection  occurs  by  (i)  the  skin,  (2)  inhaled 
bacilli,  or  (3)  through  the  alimentary  canal.  It  is  commonly  stated 
that  plague  may  be  transmitted  from  animal  to  animal  or  from  animal 
to  man,  through  the  intervention  of  insects,  particularly  fleas.  In  a 
number  of  epidemics  data  supporting  this  belief  have  been  obtained. 
Rats  are  particularly  susceptible  to  plague  and  are  commonly  infested 
with  fleas.  It  has  shown  that  viable  plague  bacilli  may  be  present  in 
these  insects,  and  that  they  convey  the  disease  even  though  there  be  some 
doubt  as  to  their  inoculating  man.  Three  forms  of  the  pest  are  usually 
described:  (1)  the  bubonic,  which  may  be  mild  or  malignant,  (2)  pest 
pneumonia,  primary  or  secondary,  and  (3)  the  septicemic  form.  Cases 
of  latent  and  ambulatory  plague  undoubtedly  occur,  and  possibly  con- 
stitute means  by  which  the  disease  is  perpetuated  and  disseminated. 
The  studies  of  Herzog  and  Hare  clearly  show,  however,  that  such  cases 
are  not  common. 

In  bubonic  plague  any  of  the  lymph-nodes  may  be  primarily  affected, 
the  particular  ones  involved  being  determined  by  the  point  of  inoculation. 
Among  people  who  habitually  go  bare-footed  the  inguinal  nodes  com- 
monly first  manifest  the  disease.  In  laborers,  with  infection  by  way  of 
the  upper  extremities,  the  axillary  nodes  are  involved;  in  other  instances 
the  cervical  lymph-nodes  show  the  first  manifestations  of  the  disease. 
Systematic  writers  commonly  divide  the  buboes  into  two  groups,  primary 
and  secondary.  The  primary  bubo  developing  immediately  as  the  result 
of  infection,  and  contiguous  to  the  point  through  which  the  bacillus 
entered,  is  called  a primary  bubo  of  the  first  order;  the  lymph-nodes  that 
enlarge  immediately  adjacent  to  this  lesion  and  are  infected  from  it, 
constitute  primary  buboes  of  the  second  order.  Buboes  resulting  from 
systemic  distribution  of  the  bacilli  are  called  secondary  buboes.  The 
rapidity  with  which  the  primary  buboes  form,  and  the  intensity  of  the 
alterations  taking  place  in  the  lymph-nodes,  vary  from  slight  indolent 
chronic  swellings  to  rapid  enlargements  with  progressive  softening  due 
to  necrosis  of  the  lymphoid  tissue  and  accumulated  cells.  In  frank  cases 
periglandular  infection  rapidly  develops  and  the  enlarged  nodes  soon 
become  embedded  in  edematous,  cell-infiltrated,  or  partly  necrotic  con- 
nective tissue.  Histologically  the  lymph-nodes  contain  large  numbers 
of  the  bacilli,  and  in  the  earlier  stages,  before  necrosis  has  destroyed 
the  affected  tissue,  fibrin  and  numerous  leukocytes  are  also  present. 
Usually  these  cells  are  mostly  of  the  mononuclear  type,  many  of  them 
large  and  actively  phagocytic,  and  containing  numerous  pest  bacilli. 
Harris  has  shown  that  mast  cells  are  frequently  found.  Polymorpho- 
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nuclear  leukocytes  are  not  abundant,  and  in  the  absence  of  pyogenic 
infection  the  process  is  one  of  necrosis  and  softening  rather  than  an  acute 
suppuration.  The  blood-vessels  of  the  nodes  are  ordinarily  throm- 
bosed, the  endothelium  swollen  and  desquamating,  and  the  walls  often 
destroyed. 

Pneumonic  plague  (plague  pneumonia)  may  follow  the  bubonic 
type,  or  result  from  inhalation  of  the  organism.  The  lesion  produced 
is  of  the  lobular  type,  although  a lobe  or  more  may  be  solidified.  In 
addition  to  the  hepatized  areas  the  organ  is  the  seat  of  numerous  hem- 
orrhages, edema,  mucopurulent  bronchitis,  and  sometimes  a fibrinous 
exudate  covers  the  overlying  pleura;  the  bacilli  are  abundantly  present 
in  the  sputum  during  life  and  in  the  lung,  bronchi,  and  peribronchial 
glands  postmortem. 

The  bubonic  and  pneumonic  forms  of  plague,  particularly  the  latter, 
commonly  terminate  in  the  septicemic  form.  Cases  of  plague  bacillemia 
occasionally  occur  when  no  primary  point  of  infection  can  be  identified, 
and  bacilli  are  frequently  present  in  the  circulation  of  patients  who  after- 
ward recover. 


Fig.  36. — Section  of  Kidney  Showing  Malpighian  Body'  Containing  Pest  Bacilli. 

Section  fixed  in  Foa  solution,  embedded  in  paraffin  and  stained  in  carbol-toluidin-blue  and  differentiated 

by  glycerin-ether.  Zeiss  “b"  eye-piece  and  1/12  inch  homogeneous  oil-immersion  objective. 
a.  Capsule  of  Bowman,  b.  Epithelial  cells  lining  capsule,  some  of  which  (c)  have  desquamated,  d. 

Capillaries  in  glomerule,  in  the  interior  of  which  (e,  e.  e,  e)  are  many  pest-bacilli. 

When  death  has  resulted  from  the  disease,  early  and  marked  rigor 
mortis  and  postmortem  lividity  are  usually  present.  The  temperature 
may  rise  after  death. 

Buboes  which  may  be  suppurating  are  sometimes  found  and  con- 
junctival infection  may  be  evident.  The  muscles  are  frequently  dark; 
the  serous  cavities  are  usually  dry  and  numerous  petechias  or  ecchy- 
motic  areas  may  fleck  the  subserosa.  The  blood  is  dark,  often  without 
clots.  The  spleen  is  enlarged,  soft,  dark  in  color,  and  on  microscopic 
examination  the  sinuses  are  dilated,  the  leukocytes  increased  in  number, 
areas  of  necrosis  are  present,  phagocytes  often  abundant,  and  the  charac- 
teristic bacilli  invariably  demonstrable,  usually  in  large  numbers.  The 
kidneys  are  slightly  enlarged,  soft,  drip  blood  on  section,  and  contain 
areas  of  hemorrhage.  The  epithelium  is  usually  granular  and  bacilli  can 
be  demonstrated  in  the  vessels  and  tufts.  Herzog  describes  and  figures 
hyaline  thrombi  in  the  renal  glomeruli.  The  liver  is  frequently  slightly 
enlarged  and  may  contain  areas  of  necrosis.  Wilms  observed  marked 
swelling,  necrosis,  and  hemorrhage  in  the  solitary  and  agminated  follicles 
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of  the  intestine,  hemorrhages  in  the  mucosa,  and  enlarged  mesenteric 
glands  often  containing  necrotic  and  hemorrhagic  foci.  The  brai_n  and 
spinal  cord  are  sometimes  congested  and  in  rare  instances  fibrinous  men- 
ingitis and  meningoencephalitis  have  been  observed.  Congestion,  pro- 
liferative processes,  and  necrotic  lesions  occur  in  the  bone-marrow. 

An  antiserum  may  be  prepared  by  the  repeated  intravenous  injection 
of  slowly  increasing  doses  of  pest  bacilli  until  the  animal  acquires  a 
marked  immunity;  the  horse  is  usually  employed.  In  beginning  the 
process  of  immunization  it  may  be  well  to  use  killed  cultures,  followed 
later  by  living  bacilli.  The  value  of  plague  anti-sera  has  not  been  uni- 
formly attested. 

Haffkine’s  protective  vaccination  is  undoubtedly  of  very  great  value. 
The  vaccine  used  is  prepared  from  bouillon  cultures  of  the  bacillus,  the 
surface  pellicle  being  allowed  to  develop  as  often  and  fully  as  possible. 
The  bacilli  are  killed  by  exposure  to  65°  C.  for  one  hour  and  0.5  per  cent, 
carbolic  acid  added.  From  5 c.c.  to  10  c.c.  of  this  vaccine,  depending  upon 
its  strength,  is  injected  subcutaneously.  The  maximum  protection 
is  attained  during  the  week  following  inoculation;  the  protective  influence 
wanes  but  persists  for  months. 

Chancroid,  soft  chancre,  simple  chancre,  or  noninfecting  chancre, 
is  an  ulcerative  process  usually  affecting  the  genitals,  propagated  almost 
exclusively  by  venery,  and  due  to  the  Bacillus  ulceris  mollis1  (Ducrey). 
The  bacillus  is  1.5  //  in  length,  0.5  //in  thickness,  with  rounded  ends, 
which  usually  stain  more  deeply  than  the  central  part  of  the  rod.  In 
cultures  long,  dot-like  chains  are  produced.  Pure  cultures  have  been 
obtained  by  a number  of  observers;  the  germ  does  not  grow  on  the  ordi- 
nary laboratory  media,  but  can  be  cultivated  on  rabbit’s  blood-serum. 
Davis  secured  cultures  on  alkaline  agar  containing  one-third  rabbit’s 
blood,  but  regards  freshly  drawn  human  blood  as  the  best  medium. 
After  twenty-four  hours  at  370  C.  delicate  flocculi  appear  in  fluid  media 
or  the  water  of  condensation  when  blood  agar  is  used.  By  flowing  the 
fluid  over  the  surface  round,  grayish  colonies  appear  in  forty-eight  hours. 
Evidence  of  spore  formation  has  not  been  observed. 

Demonstration. — The  organism  stains  readily,  but  is  easily  decolorized. 
Nicolle  recommends  carbol-toluidin  blue,  and  Unna,  polychrome  methy- 
lene-blue. For  staining  bacilli  from  cultures,  Davis  advises  the  use  of 
carbol-fuchsin  followed  by  brief  differentiation  in  alcohol,  thereby  bringing 
out  the  polar  bodies.  The  organism  is  Gram-negative,  and  quite  difficult 
to  stain  in  sections. 

Pathogenesis. — Nicolle  was  the  first  to  inoculate  the  monkey  success- 
fully; the  ordinary  laboratory  animals  are  immune.  The  lesion  pro- 
duced in  man  is  rarely  extragenital.  Ullman  has  been  able  to  collect  64 
extragenital  chancroids.  It  develops  as  a red  point  advancing  to  a papule, 
and  later  pustule,  which  ruptures,  exposing  a deep  crater-like  ulcer  the 
edges  of  which  are  often  undermined  and  the  discharge  abundant.  The 
ulcers  sometimes  take  on  phagedenic  action  and  produce  wide-spread 
destruction.  The  lymph-nodes,  anatomically  nearest  the  lesion,  enlarge 
and  may  suppurate  (chancroidal  bubo).  In  some  cases  there  is  an  intense, 
often  polymicrobic,  mixed  infection  with  other  organisms,  usually  of  the 
pyogenic  group. 

1 See  work  referred,  to  in  foot-note,  p.  41.  The  most  important  references  to 
this  organism  can  be  obtained  from  paper  by  Davis,  Jour.  Med.  Research,  June, 
1903,  p.  401. 
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Conjunctivitis1  may  be  produced  by  a large  number  of  organisms,  in- 
cluding the  streptococci  (rarely),  pneumococcus,  bacillus  of  Friedlander, 
gonococcus,  the  pyogenic  staphylococci,  xerosis  bacillus,  etc.  Diphtheria 
sometimes  attacks  the  conjunctiva.  An  acute,  usually  catarrhal  but 
sometimes  purulent,  inflammation  of  this  tissue  is  produced  by  a small, 
immobile,  Gram-negative  organism  resembling  the  influenza  bacillus  in 
morphology  and  cultural  characters,  and  usually  called  the  Koch -Weeks 
bacillus,  after  its  discoverers.  It  is  often  seen  in  the  interior  of  the  poly- 
morphonuclear leukocytes  found  in  the  conjunctival  discharge.  It  is 
frequently  united  in  pairs  end  to  end  and  sometimes  forms  groups.  The 
bacillus  of  Weeks  stains  readily,  but  not  intensely,  with  the  ordinary 
anilin  dyes.  Cultures  can  not  be  obtained  on  ordinary  laboratory  media; 
the  organism  grows  slowly  on  serum  agar,  blood  agar,  or  serum;  the  best 
medium  for  its  cultivation  is  agar  containing  one-third  ascitic  fluid. 

The  so-called  diplobacillary  conjunctivitis  is  due  to  the  Bacillus  lacu- 
natus2  (Morax-Axenfeld) . This  organism  is  2 //  in  length,  0.7  [x  to  1 /j.  in 


Fig.  37. — Bacillus  of  Soft  Chancre. 


thickness,  arranged  in  pairs  placed  end  to  end,  and  sometimes  in  short 
chains  of  four  to  six  elements.  It  does  not  grow  below  30°  C.  nor  above 
40°  C. ; the  optimum  temperature  is  370  C.,  and  the  thermal  death-point 
56°  C.  It  is  an  optional  anaerobe,  nonmotile,  and  does  not  produce  spores. 
In  streak  cultures  on  the  surface  of  serum  a moist,  shining  growth  develops 
along  the  line  of  inoculation.  The  solidified  serum  is  gradually  liquefied, 
forming  a furrow,  which  at  first  extends  in  depth  only,  but  later  widens. 
Smear  cultures  develop  as  individual  colonies,  which  pit  the  serum. 
After  cultivation  through  a series  of  serum  tubes  the  organism  may,  in 
some  instances,  be  grown  upon  agar,  where  it  then  forms  “translucent, 
discrete  colonies,  like  dewdrops.”  In  bouillon  containing  one-third  serum 
a turbidity  quickly  develops,  which  is  not  lessened  by  the  occurrence  of  a 

1 McKee,  Amer.  Jour,  of  Med.  Sci.,  June,  1906,  p 1;  Shumway,  Jour.  Amer.  Med. 
Assoc.,  Aug  4,  1906;  Hudson  and  Panton,  Lancet,  July  6,  1907;  Usher  and  Fraser, 
Reports  of  the  Royal  London  Ophthalmic  Hospital,  1906,  vol.  xvi,  Part  4;  Duane 
and  Hastings,  New  York  Med.  Jour.,  May  16,  1906. 

2 See  works  referred  to  in  footnote  p.  41.  Also,  Eyre,  Jour.  Path,  and  Bact., 
Nov.,  1894;  Pusey,  Press  of  the  Amer.  Med.  Assoc.,  1906;  McKee,  Ophthalmic 
Record,  April,  1907. 
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grayish-white  deposit  on  the  sides  and  bottom  of  the  tube.  The  organism 
requires  frequent  transplantation. 

Demonstration. — The  bacillus  lacunatus  stains  slowly  but  clearly  with 
the  ordinary  anilin  dyes;  the  best  results  are  obtained  with  an  aqueous 
solution  of  Bleu  de  Roux.  The  organism  is  Gram-negative. 

Pathogenesis. — The  bacillus  is  not  pathogenic  for  animals.  In  man  it  is 
found  in  cases  of  subacute  and  chronic  conjunctivitis  and  may  be  present 


Fig.  38. — The  Koch-Weeks  Bacillus.  (Hansell  and  Sweet.)  X950. 

in  large  numbers.  The  disease  has  been  produced  experimentally  by 
inoculating  the  human  conjunctiva. 

The  Bacillus  pyocyaneus1  (Gessard,  1882)  is  a short  delicate  rod  ip. 
to  1.5  n long,  0.5  [x  wide  motile  and  aerobic,  and  grows  rapidly  at  tempera- 
tures between  20°  C.  and  370  C.  Under  various  influences,  particularly 
the  addition  of  an  antiseptic  to  the  medium,  long  chains,  irregular  rods, 
and  even  spirals  may  be  produced;  gelatin  is  liquefied,  and  in  this  medium 


Fig.  39. — Bacillus  lacunatus. — (H ansell  and  Sweet.)  X950. 

as  well  as  bouillon,  agar,  and  milk  a greenish  tinge  is  produced;  on  solid 
media  the  surface  presents  a peculiar  metallic  luster.  In  addition  to  the 

1 See  works  referred  to  in  foot-note  p.  41.  Hautant,  These  de  Paris,  1906; 
Emmerich,  Munch,  med.  Woch.,  Nov.  5,  1907,  p.  2217;  Ott,  Zentralbl.  f.  die 
gesamt.  Therape,  Oct.,  1909;  Waite,  Jour.  Infect,  dis.,  Dec.  18,  1908;  Emmerich 
and  Low,  Centralbl.  f.  Bakt.,  March,  1909,  p.  571;  Podwyssotsky,  Centralbl.  f. 
Balct.,  April,  1909,  p.  44. 
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greenish  pigment  (pyocyanin)  the  organism  produces  pyoxanthose, 
pyoflourescin,  a mucinoid  substance,  and  both  intracellular  and  extra- 
celluluar  toxins. 

Demonstration. — The  Bacillus  pyocyaneus  stains  by  the  usual  anilin 
dyes  and  is  Gram-negative.  By  plate  methods  it  is  easily  isolated. 

Pathogenesis. — The  organism  is  frequently  found  in  green  pus  and  in 
intestinal  discharges,  particularly  in  the  diarrheas  of  infancy.  Numerous 
cases  of  pyocyaneus  septicemia  have  been  reported.  The  bacillus  has 
been  found  in  angina,  peritonitis,  pericarditis,  pleurisy,  various  skin 
eruptions,  otitis  media,  ulcerations  of  the  cornea,  conjunctivitis  and  other 
diseases  of  the  eye  and  in  cystitis.  Jadkewitsch  has  described  certain  nerv- 
ous manifestations  attributed  to  this  organism.  It  may  produce  catarrhal 
conditions  of  the  mucosa  which  occasionally  ulcerate  and  rarely  a hemor- 
rhagic enteritis;  parenchymatous  degeneration  of  the  liver  and  kidney  is 
sometimes  present;  the  spleen  enlarges  and  may  contain  areas  of  necrosis. 
Among  the  products  of  the  Bacillus  pyocyaneus  is  a definite  hemolytic 


substance  (pyocyanolysin),  one  of  the  remarkable  pecularities  of  which 
is  extraordinary  resistance  to  heat ; the  hemolytic  power  is  not  destroyed 
by  exposure  to  120°  C.  in  the  autoclave. 

Gaseous  emphysema  and  other  lesions  may  be  produced  in  man  and 
lower  animals  as  the  result  of  infection  by  the  Bacillus  aerogenes  cap- 
sulatus.1  The  Bacillus  perfringens  of  Veillon  and  Zuber,  is  probably  the 
same  organism.  The  organism  measures  3 /(  to  6 jjl  in  length  and  1 jx  to 
1.5  p.  in  thickness  and  is  a strict  anaerobe.  In  cultures  long  filaments  and 
chains  are  often  formed.  Spores  are  usually  produced.  It  is  fickle  in 
its  liquefying  action  on  gelatin  and  in  the  production  of  capsules;  usually 
both  are  positive.  Gas  formation  is  generally  present  in  cultures,  it 
softens  without  frankly  liquefying  gelatin,  and  coagulates  milk  with  the 
production  of  gas  and  acid.  There  is  a slight  tendency  to  liquefy  solidified 
serum.  The  bacillus  ferments  lactose,  saccharose,  and  mannite.  It  grows 
at  ordinary  room-temperature,  but  best  at  370  C. ; spore-free  cultures  are 
killed  by  58°  C.  in  ten  minutes;  the  spores  require  ten  minutes’  boiling. 

1 See  works  referred  to  in  footnote,  p.  41.  Herter,  Jour.  Biol.  Chern.,  vol.  ii., 
Nos.  1 and  2,  Aug.,  1906;  McCampbell,  Jour.  Infect.  Dis.,  Sept.,  1909,  p.  537; 
Blake  and  Lahey,  Jour.  Amer.  Med.  Assoc.,  May.  21,  1910,  p.  1671;  d’Agata 
Centralbl.  f.  Bakt.,  April,  1910,  p.  218. 
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Demonstration. — For  obtaining  pure  cultures  Welch  recommends 
injecting  0.5  c.c.  to  1.  c.c.  of  a twenty-four-hour  old  milk  culture  — or  sus- 
pension of  a surface  growth  on  agar — into  the  ear  vein  of  a rabbit,  which 
in  two  or  three  minutes  is  killed  and  placed  in  the  incubator.  After 
seven  or  eight  hours  the  body  will  be  found  distended  with  gas,  bubbles 
of  which  may  be  demonstrable  in  the  subcutaneous  tissue  and  in  the  blood, 
heart  cavities  and  other  viscera.  The  bacillus  stains  with  the  ordinary 
anilin  dyes;  in  tissues  it  is  Gram-positive:  and  stain  reaction  of  spreads 
from  cultures  is  not  constant. 

Pathogenesis. — The  virulence  of  different  strains  of  the  organism 
is  not  uniform;  some  cultures  possess  but  slight  pathogenic  power.  The 
guinea-pig  is  the  most  susceptible  of  laboratory  animals.  In  man  the 
organism  has  been  found  associated  with  emphysematous  gangrene, 
gaseous  abscesses,  genito-urinary  and  gastro-intestinal  affections,  in- 
flammation of  the  pleurae  and  meninges,  puerperal  and  other  infections 
of  the  uterus,  and,  postmortem,  is  a frequent  cause  of  cavity  formation 
in  the  viscera  (foam-organs,  emphysema  cadaverosum) . It  has  been 
obtained  in  pure  culture  from  the  blood  during  life.  Leroy  found  it 
in  a wound  six  days  before  death  of  the  patient.  In  the  infections  with 
which  it  occurs  it  is  frequently  associated  with  other  pathogenic  bacteria. 

Emphysematous  gangrene,  gaseous  abscess,  and  allied  conditions  in 
which  gas  is  found  in  the  tissues,  may  be  produced  by  other  organisms 
than  those  just  mentioned.  Jacobelli  described  an  organism,  which  he 
calls  the  Bacillus  septicus  aerobicus,  isolated  from  two  cases  of  gaseous 
gangrene.  It  is  not  gas-producing  in  saccharine  media.  Howard  re- 
ports an  instance  of  acute  fibrinopurulent  meningitis  with  gas  cysts  in 
the  brain  due  to  the. Bacillus  mucosus  capsulatus.  Regnault  maintains 
that  there  is  no  special  organism  in  the  lesion  associated  with  gas-pro- 
duction and  has  collated  numerous  reported  cases  of  gaseous  abscess 
and  gangrene,  some  of  which  were  due  to  the  colon  bacillus,  Bacillus 
perfringens,  and  other  organisms.  Legros  has  reached  similar  conclusions. 
The  bacteria  producing  gas  in  the  tissues  may  also  give  rise  to  degenera- 
tive and  necrotic  changes  in  the  muscles  associated  with  serous,  sero- 
fibrinous, or  serocellular  exudates. 

Malignant  edema1  is  an  acute  infiltrating  inflammatory  process  charac- 
terized by  more  or  less  swelling  and  rapid  necrosis  terminating  in  gan- 
grene, and  due  to  an  anaerobic,  spore-bearing,  motile  organism  called  by 
Pasteur  Vibrion  septique,  and  by  Koch  the  Bacillus  edematis  maligni. 
The  organism  is  0.75  /t  to  1 p thick  and  3 p to  5 p in  length,  sometimes 
forming  filaments  15  p to  40  p long.  The  organism  possesses  lateral 
flagella.  The  optimum  temperature  is  370  C. ; although  colonies  develop 
at  1 50  C.;  nonspore-bearing  rods  are  killed  at  6o°  C. ; the  spore  withstands 
boiling  at  least  thirty  minutes.  In  the  depth  of  agar  cultures  it  appears  as 
small  clouds  which  Gould  has  well  described  as  fuzzy  masses;  gas  is  pro- 
duced. Similar  colonies  are  developed  in  gelatin  with  liquefaction  of  the 
medium  and  evolution  of  gas;  milk  is  coagulated. 

Demonstration. — The  bacillus  of  malignant  edema  stains  with  ordinary 
anilin  dyes  and  is  decolorized  by  Gram’s  method.  Subcutaneous  inocu- 
lation in  the  guinea-pig  gives  rise  to  hemorrhagic  edema,  exudation  into 
the  serous  cavities,  moderate  gas  formation  in  the  connective  tissues,  and 

1 See  works  referred  to  in  footnote  on  p.  41.  Gould,  Annals  of  Surgery,  Oct., 
1903. 
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death;  successive  passages  through  these  animals  increase  the  virulence  of 
the  bacillus. 

Pathogenesis. — The  germ  is  pathogenic  for  man,  guinea-pig,  white 
rat,  mouse,  cat,  sheep,  goat  and  horse.  The  chicken,  pigeon,  and  ass 
are  less  susceptible;  in  dogs  often  no  lesion  is  produced.  Cattle  are 
refractory  to  experimental  inoculation,  but  occasionally  contract  the 
disease.  The  bacillus  is  usually  associated  with  other  organisms,  although 
there  are  a number  of  cases  in  which  it  has  been  found  alone.  Pas- 
teur showed  that  the  filtered  exudate  contains  a poison  fatal  to  guinea- 
pigs,  and  several  experimenters  have  obtained  toxic  substances  from 
cultures.  According  to  Kerry,  the  bacillus  decomposes  albumin  with 
the  production  of  the  usual  putrefactive  substances,  including  fatty  acids, 
leucin,  etc.  Animals  may  be  immunized  against  the  toxin  and  in  this  way 
rendered  insusceptible  to  infection  by  virulent  bacilli. 

The  Colon-Typhoid-Paratyphoid.  Dysentery  Organisms. — An  exceed- 
ingly important  group  of  bacilli,  possessing  many  characters  in 
common,  often  distinguishable  with  difficulty,  manifesting  biological 
irregularities  occasionally  most  perplexing,  and  apparently  closely  related, 
are  organisms  found  normally  in  the  colon — bacillus  coli  communis — 
and  the  bacilli  of  typhoid,  paratyphoid  and  dysentery.  Morphologically 
the  resemblances,  one  to  another,  are  strong  and,  between  selected  indi- 
vidual members,  the  dissimilarities  are  few  and  sometimes  inconstant. 
All  grow  readily  at  room  temperatures  and  when  incubated,  do  not  liquefy 
gelatin  nor  form  spores,  and  are  Gram-negative.  Their  principal  dis- 
tinguishing feature  is  an  evident,  not  highly  specific,  difference  when  sub- 
jected to  agglutination  tests.  The  serum  of  animals  rendered  relatively 
immune  to  one  member  and  agglutinating  that  organism  often  in  high 
dilutions  may  agglutinate  another  member  but  always  requiring  far 
greater  concentration  than  is  necessary  for  the  particular  bacillus 
employed  to  induce  the  immunity.  The  following  descriptions  of  the 
organisms  and  accompanying  table  (p.  112)  contain  an  epitome  of  im- 
portant facts  concerning  the  respective  bacilli. 

The  Bacillus  coli  communis1  is  the  most  common  inhabitant  of  the 
intestine  of  man  and  many  lower  animals.  The  organism  is  1.6  jx  to  3.2  p 
in  length,  and  0.4  p to  0.8  p in  breadth.  Oval,  coccoid,  and  diplococcoid 
forms  have  been  described;  filaments  are  sometimes  formed.  The  germ 
is  motile,  usually  feebly  so,  flagellated,  non-spore-bearing  and  generally 
gas-producing;  it  is  aerobic  but  can  grow  without  oxygen.  On  gelatin 
plates  it  forms  small,  flat,  grayish  colonies  with  irregular  outline,  com- 
parable to  the  margins  of  a grape  vine  leaf,  and  does  not  liquefy  the 
medium.  Stab  cultures  in  gelatin  give  rise  to  a faint  grayish  film  on  the 


1 See  works  referred  to  in  footnote,  p.  41.  The  literature  bearing  on  this 
organism  is  too  exhaustive  to  be  quoted,  but  may  be  traced  from  the  following 
references:  Savage,  Jour.  Path,  and  Bact.,  Nov.,  1904,  p.  90;  Moore  and  Revis, 
Jour.  Path,  and  Bact.,  Nov.,  1904;  Vaughan,  Jour.  Amer.  Med.  Assoc.,  Sept.  3, 
1904,  p.  643;  Ford,  Classification  and  Distribution  of  Intestinal  Bacteria  in  Man, 
Studies  from  the  Royal  Victoria  Hospital,  Montreal,  vol.  i,  No.  5 (Pathology  II); 
Burri,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  3,  p.  210;  Schultz  and  Ritz,  Centralbl.  f. 
Bakt.,  Bd.  liv,  H.  3,  p.  283;  Burk,  Inaugural-Dissertation  Jena,  1908.  Burri  and 
Duggeli,  Centralbl.  f.  Bakt.,  Bd.  xlix,  H.  2,  1909,  p.  145;  Coleman  and  Hastings, 
Amer.  Jour,  of  Med.  Sci.,  Feb.,  1909;  Marmann,  Centralbl.  f.  Bakt.,  Bd.  1,  H.  2, 
1909,  p.  267;  Keyes,  Jour.  Med.  Research,  July,  1909,  p.  69;  Stokes  and  Stoner, 
Centralbl.  f.  Bakt.,  Bd.  li,  H.  4,  1909,  p.  [459;  Hale  and  Melia,  Jour.  Infect.  Dis., 
Aug.,  1910,  p.  587. 
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surface  and  a grayish-white  streak  along  the  track  of  the  needle,  with  the 
evolution  of  gas.  On  potato  the  growth  is  moist  and  relatively  rapid, 
and  in  older  cultures  assumes  a brownish  tinge.  Milk  is  usually  coagu- 
lated, although  some  cultures  require  two  weeks  to  induce  the  change;  acid 
is  produced.  Some  strains  of  the  organism  vary  from  the  foregoing  rather 
typical  cultures;  gas  production  may  be  inconspicuous  or  absent,  motility 
scarcely  perceptible  and  milk  coagulation  long  delayed. 

Demonstration. — The  colon  bacillus  is  readily  cultivated  and  may 
be  grown  upon  all  the  laboratory  media.  It  may  be  stained  with  the 
usual  anilin  dyes,  is  easily  decolorized  with  alcohol  and  is  Gram-negative. 

Pathogenesis. — Lesage  and  Macaigne  called  attention  to  the  fact 
that  the  colon  bacillus  found  in  diarrhea  and  intestinal  inflammations 
is  more  virulent  than  that  obtained  from  normal  stools;  Ferranini  demon- 
strated that  the  organism  was  more  toxic  for  emaciated  than  for  well- 
nourished  animals.  These  observations,  which  have  been  corroborated 
by  others,  establish  two  facts:  (1)  The  colon  bacillus  varies  in  its  toxicity 
and  pathogenesis,  and  (2)  the  resistance  of  the  individual  to  colon  infec- 
tions is  profoundly  influenced  by  the  state  of  the  body  nutrition.  Martin, 
Carega,  Vaughan,  and  others  have  shown  that  the  colon  bacillus  (some 
strains  at  least)  is  capable  of  elaborating  a poison  the  toxicity  of  which 
is  not  constant.  Vaughan’s  studies  yield  considerable  information  as 
to  the  character  of  the  intracellular  toxin  produced  by  the  germ.  In 
the  tissues  under  different  conditions  changes  brought  about  by  colon 
infection  indicate  that  the  poison  is  not  always  the  same,  or  at  least  in 
different  strengths  it  may  cause  dissimiliar  alterations.  The  possibilities 
of  chronic  subinfection  by  the  colon  bacillus  have  been  mentioned  on 
page  49.  It  is  probable,  as  indicated  by  the  studies  of  Ford,  that  the 
colon  bacillus  frequently  enters  the  tissues,  but  in  such  small  numbers 
that  some  special  condition  must  favor  colonization  and  the  production 
of  definite  changes.  The  germ  has  been  found  in  a great  many  patho- 
logic processes,  sometimes  alone  and  often  associated  with  other  bacteria. 
This  fact  renders  it  difficult  to  determine  exactly  what  alterations  are 
due  to  the  colon  bacillus  alone  and  which  are  induced  by  associated 
bacteria.  Some  strains  of  the  bacillus  are  definitely  pyogenic  and  may, 
without  the  presence  of  any  other  microbe,  give  rise  to  definite  suppura- 
tive processes.  The  bacillus  has  been  isolated  in  pure  culture  from 
abscesses,  osteomyelitis,  peritonitis,  pleurisy,  pericarditis,  inflammations 
of  the  genito-urinary  and  reproductive  organs,  meningitis,  arthritis, 
gall-bladder  and  biliary  passages,  hepatic  inflammations  both  acute  and 
chronic,  otitis  media,  conjunctivitis,  pancreatitis,  mastitis,  and  may  be 
the  only  demonstrable  organism  in  infected  wounds.  In  many  cases  of 
appendicitis  it  is  the  only  microbe  present,  and  this  disease  in  the  absence 
of  the  colon  bacillus  is  not  common.  In  the  complications  and  sequels  of 
typhoid  fever  the  colon  bacillus  may  be  found  alone  or  with  the  Bacillus 
typhosus.  When  a local  lesion  affecting  the  circulation  of  any  part  of 
the  intestine  (constriction,  strangulation,  thrombosis,  embolism)  lessens 
the  resistance  of  the  intestinal  wall,  the  colon  bacillus,  alone  or  with 
other  bacteria,  infiltrates  the  affected  tissues  and  plays  a most  important 
part  in  the  necrotic  and  inflammatory  processes  that  follow.  It  is, 
therefore,  a frequent  organism  in  inflamed  hernial  sacs  and  in  peritonitis; 
it  has  been  abundantly  proved  that  the  colon  bacillus  may  reach  the 
peritoneum  without  any  demonstrable  solution  in  the  continuity  of  the 
intestinal  wall.  Lesions  in  viscera  adjacent  to  the  intestine  are  not 
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infrequently  associated  with  colon  bacilli,  indicating  that  the  organism 
must  have  reached  the  affected  structures  by  way  of  the  circulation.  This 
view  is  supported  by  the  constancy  with  which  the  colon  bacillus  is 
found  in  suppurative  pelvic  lesions  of  the  female,  in  splenic  abscesses  and 
infarcts,  and  in  the  tissues  of  the  spleen  after  its  circulation  has  been 
interfered  with  by  occlusion  of  the  artery,  or  vein,  or  by  traction  upon, 
or  torsion  of,  the  splenic  pedicle.  The  colon  bacillus  is  often  the  only 
organism  present  in  gallstones,  and  a number  of  observers  have  demon- 
strated that  colon  infection  of  the  gallbladder  and  biliary  passages  may 
be  followed  by  the  formation  of  concretions.  Gerard  has  shown  that 
it  decomposes  the  biliary  salts  and  causes  precipitation  of  cholesterin. 
Moorhead  has  fully  established  that  the  organism  may  produce  a definite 
septicemia,  including  an  associated  endocarditis.  The  colon  bacillus 
has  been  obtained  in  pure  culture  from  the  blood,  and  is  not  infrequently 
the  only  microbe  found  in  the  tissues  postmortem.  Coleman  and  Has- 
tings conclude  that  certain  strains  of  colon  bacilli  may  produce  a 
clinical  syndrome  indistinguishable  from  typhoid. 

Closely  related  to  the  colon  bacillus  are  the  Bacillus  enteritidis  of 
Gartner,  now  known  to  be  a member  of  a group  rather  than  a distinct 
organism,  a number  of  bacilli  isolated  from  the  intestine  by  Booker, 
Sternberg  and  others,  and  the  paracolon  bacillus  of  Gilbert  and  its 
allies.1  All  members  of  this  group  are  capable  of  inducing  inflammatory 
and  necrotic  processes,  and  in  the  blood  give  rise  to  agglutinins;  in  addition 
they  are  toxicogenic.  The  scope  of  this  book  does  not  permit  a full  con- 
sideration of  these  organisms  nor  their  relation  to  various  pathologic 
processes.  At  present  we  are  sadly  in  need  of  an  authoritative  study 
that  will  definitely  establish  their  position  among  the  bacteria,  particu- 
larly their  relation  to  the  colon,  typhoid,  and  dysentery  bacilli,  and  to 
the  various  morbid  conditions  in  which  they  have  been  found. 

Typhoid  fever2  is  an  acute  infectious  disease,  commonly  water-borne, 
and  generally  attributed  to  the  Bacillus  typhosus.  The  morbid  anatomy 
and  complications  of  the  affection  will  be  discussed  in  Part  II  of  this 
book,  in  the  chapter  on  Diseases  of  the  Alimentary  Canal.  Although 
infection  usually  occurs  from  drinking  water  containing  the  specific 
organism,  epidemics  have  been  traced  to  infected  milk  and  to  cress  and 
salads  contaminated  by  contact  with  water  containing  the  germ.  No 
doubt  dust  laden  with  the  bacilli  is  infective.  The  microbe  is  readily 
conveyed  by  flies  and  possibly  other  insects,  and  may  thus  be  trans- 
ported from  place  to  place. 

The  Bacillus  typhosus  is  rod-shaped,  1.5  fj.  to  3.5  (u  in  length  and 

1 The  literature  bearing  on  these  organisms  will  be  found  in  the  excellent  studies 
of  Cushing,  Johns  Hopkins  Hospital  Bulletin,  July  and  August,  1904,  p.  156,  and 
Fox,  Univ.  Penna.  Med.  Bulletin,  April,  1905. 

2 A ver-y  full  bibliography  of  the  subject  will  be  found  in  Nothnagel’s  System  of 
Medicine,  American  edition,  vol.  on  Typhoid  and  Typhus  Fevers,  edited  by  Osier, 
1902;  Studies  in  Typhoid  Fever,  Bull.  Johns  Hopkins  Hosp.,  vols.  iv,  v,  and  viii; 
Pratt,  Boston  Med.  and  Surg.  Jour.,  June  6,  13,  and  20,  1907;  Conradi,  Munch, 
med.  Woch.,  July,  1908;  Fromme,  Ergeb.  allg.  Path.  u.  path.  Anat.,  Lubarsch’  and 
Ostertag,  I Abt.  1909,  p.  27,  full  review  with  bib;  Kastle  and  Elvove,  Jour.  Infect. 
Dis.,  Nov.  29,  1909,  p.  619;  Crescenzi,  Centralbl.  f.  Bakt.,  April  ,1900,  p.  81;  Hess, 
Munch,  med.  Woch.,  Feb.  1,  1910,  p.  2321.  Gildemeister,  Arb.  a.  d.  Kais.  Gesundh., 
Bd.  xxxiii,  H.  3,  1910,  p.  619;  Gaehtgens  and  Bruckner,  Centralbl.  f.  Bakt.,  Feb., 
19x0,  p.  559;  Audibert,  Sem.  Med.,  June  8,  1910,  p . » 2 6 5 ; Sappington,  Jour.  Med. 
Research,  June,  1910,  p.  435;  Simonds,  Amer.  Journ.  of  Med.  Sci.,  Aug.,  1910,  p. 
247. 
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0.5  ti  thick;  longer  filaments  are  sometimes  formed.  Although  growths 
are  readily  obtained  at  room  temperature  and  even  at  150  C.,  the. germ 
develops  best  at  370  C.  and  is  killed  by  five  minutes’  exposure  to  6o°  C. 
The  typical  organism  possesses  flagella,  is  actively  motile,  and  can  be 
grown  anaerobically,  but  develops  best  in  an  atmosphere  containing 
oxygen;  it  grows  readily  on  most  of  the  laboratory  media,  the  surface 


Fig.  41.— Bacillus  typhosus. 
Pure  culture  containing  a few  irregular  forms. 


colonies  resembling  some  strains  of  the  colon  bacillus;  it  does  not  liquefy 
gelatin  nor  produce  gas.  The  colonies  are  more  transparent  than  typical 
colon  growths  and  the  development  is  somewhat  slower.  Growth  on 
potato,  long  supposed  of  great  diagnostic  value,  has  recently  been  shown 
to  be  so  inconstant  that  it  is  no  longer  given  much  weight  in  identifying 
the  organism.  Usually  on  fresh  potato,  normally  acid  in  reaction,  no 
growth  is  visible  for  several  days,  and  the  rapidity  of  development  is  not 
-Comparable  to  that  of  the  typical  colon  germ.  Other  differentiating 
points  of  value  are  given  in  the  table  on  page  1 1 2. 

Demonstration. — The  typhoid  bacillus  stains  with  the  usual  anilin 
dyes  and  is  Gram-negative.  The  microbe  never  stains  intensely  and  does 
not  withstand  prolonged  alcoholic  differentiation.  Cultures  are  readily 
obtained  and  isolation  may  be  accomplished  by  the  usual  plating  methods. 

Pathogenesis. — Most  of  the  attempts  to  produce 
typhoid  fever  in  animals  have  been  entirely  negative. 

It  is  not  known  that  under  natural  conditions,  any  of 
the  lower  animals  are  subject  to  the  disease,  a fact 
which  militates  against  successful  experimentation. 

Griinbaum  believes  that  he  has  produced  the  disease 
in  the  monkey,  and  Atlossoff  in  rabbits.  Inoculation  Fi?Vphosus^aShow- 
experiments  in  the  lower  animals  may  give  rise  to  ing  Flagella. 

1 , • 11  • .1  ■ . . . (Gould.)  X1200 

bacteremia,  and  by  passing  the  organism  through  diameters, 
rabbits  or  guinea-pigs  its  virulence  may  be  materially 
exalted.  With  regard  to  the  toxins  produced  by  the  germ  we  are  not 
fully  informed.  The  studies  of  Martin,  Sanarelli,  and  Vaughan  indicate 
that  the  most  active  poison  generated  by  the  microbe  is  an  endotoxin. 
The  necroses  and  endothelial  proliferation  that  characterize  typhoid 
infections  are  clearly  of  toxic  origin;  the  germ  also  produces  a hem- 
olysin. Animals  may  readily  be  immunized  to  the  typhoid  bacillus,  and 
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TABLE  SHOWING  RESEMBLANCES  AND  DISSIMILARITIES  OF  THE 
BACILLUS  TYPHOSUS,  BACILLUS  COLI  COMMUNIS,  AND 
PARATYPHOID  BACILLI,  TYPES  A AND  B. 


(Compiled  by  Prof.  Rosenberger.) 


Bacillus  Typhosus. 

Bacillus  Coli 
Communis. 

Paratyphoid 

Bacillus 

A. 

Paratyphoid. 

Bacillus 

B. 

Motility, Very  active. 

Usually  motile. 

Active. 

Active. 

Litmus  milk, 

May  acidulate,  never  coagu- 
lates. 

Acid  reaction,  gen- 
erally coagulates. 

Milk  unchanged 
first  four  or 
five  months. 

First  acid,  later 
becomes  alka- 
line. 

Bouillon 

Cloudy,  may  form  pellicle. 

Cloudy,  may  form 
pellicle. 

Cloudy,  may 

form  pellicle 

Cloudy,  may 

form  pellicle.  ■ 

Potato 

Generally  “invisible” 
growth. 

Grayish-white  to 
chocolate 
brown. 

“Invisible” 

growth. 

Yellowish  brown. 

Gelatin, 

No  gas,  no  liquefaction. 

Gas,-  no  liquefac- 
tion. 

Gas  may  be  form- 
ed, no  liquefac- 
tion. 

Gas  may  be  form- 
ed, no  liquefac- 
tion. 

Malachite-green  agar, 

Colonies,  round,  glassy,  sur- 
rounded by  yellowish 
ring. 

Rarely  develops 
upon  this  me- 
dium. 

Resembles  ty- 
phoid bacillus. 

Resembles  ty- 
phoid bacillus, 
but  yellowish 
ring  is  thicker 
and  more 
marked. 

Endo’s  medium 

Colonies  transparent. 

Colonies  dark  red 
with  metallic 

lustre. 

Colonies  trans- 
parent. 

Colonies  trans- 
parent. 

N eutral-red-lactose 
agar 

May  turn  yellow  but  no 
fluoresence.  If  yellow 
may  again  turn  red. 

Turns  yellow  with 
fluorescence. 

Turns  yellow 
with  fluores- 
cence. 

Turns  yellow 

with  fluores- 
cence. 

Fermentation  of  car- 
bohydrates and 
alcohols 

No  fermentation. 

Usually  fermenta- 
tion is  produced 
with  exception  of 
melitose,  amy- 
lum  and  inulin. 

Ferments  some  of 
the  carbohy- 
drates. 

Ferments  some  of 
the  carbohy- 
drates. 

Agglutination  with 
typhoid  serum,. . . . 

Almost  constant., 

Occasionally  agglu- 
tinated. 

Only  occasional- 
ly agglutinated 

Only  occasional- 
ly agglutinated 

Odor 

Not  characteristic. 

Usually  fecal. 

Not  characteris- 
tic. 

Not  characteris- 
tic. 

Indol, 

Not  produced. 

Generally  pro- 
duced. 

Not  produced. 

Not  produced. 

Drigalski-Conradi 
medium 

Colonies  blue. 

Colonies  pink. 

Colonies  blue. 

Colonies  blue. 

Hiss’s1  water-serum 
medium 

No  coagulation. 

Coagulation. 

Not  constant. 

Not  constant. 

Toxin, 

Intra-  and  extracellular. 

Intracellular. 

Intra-and  extra- 
cellular. 

Intra-  and  extra- 
cellular. 

Pyogenesis 

Pyogenic. 

Pyogenic. 

Not  pyogenic. 

Not  pyogenic. 

1 Hiss  (Jour.  Med.  Research,  1902,  n.  s.,  vol.  iii)  recommends  for  the  differentia- 
tion of  the  colon  and  typhoid  organsims  a medium  composed  of  horse  serum  one 
part,  and  sterile  distilled  water  two  to  three  parts.  The  mixture  is  rendered 
slightly  alkaline  to  litmus,  tinted  with  litmus  tincture,  and  heated  in  an  Arnold 
steam  sterilizer,  with  cover  off,  until  mixture  becomes  opalescent.  The  requisite 
percentage  of  any  sugar  desired  is  now  added  and  the  medium  distributed  in  tubes 
which  are  sterilized  in  an  Arnold  steam  sterilizer  twenty  to  thirty  minutes  on  three 
successive  days.  The  colon  bacillus  turns  the  blue  litmus  pink,  ferments  the  sugar, 
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the  serum  of  patients  recovering  from  the  disease  possesses  antity- 
phoidal  properties.  In  typhoid  fever  agglutinins  for  the  bacillus  are 
found  in  the  blood  and  the  Widal1  test  is  of  great  value  in  diagnosis. 

The  intestinal  lesions  and  many  of  the  anatomical  changes  induced 
by  the  typhoid  bacillus  in  man  are  discussed  in  the  chapter  on  diseases 
of  the  alimentary  canal.  Typhoid  is  in  no  true  sense  a disease  of  the 
intestine,  and  may  run  its  course  without  intestinal  lesions,  but  presumably 
in  all  cases  is  a bacteremia.  The  bacilli  in  about  twenty-eight  per  cent, 
of  the  cases  can  be  detected  in  the  circulation  before  agglutination  ap- 
pears. Peabody  found  them  in  the  blood  in  all  cases  examined  during 
the  first  week,  in  70.2  per  cent,  in  the  second  week,  and  in  42.8  per  cent, 
in  the  third  and  fourth  weeks.  They  appear  in  many  of  the  secretions, 
possibly  in  all,  and  especially  in  the  bile  and  urine;  in  the  gall-bladder, 
intestine  and  urinary  bladder,  and  occasionally  in  other  foci,  they  may 
persist  for  years  (bacilli  carriers). 

Antityphoid  Vaccination. — Chantemesse  and  Widal  in  1888  demon- 
strated the  possibility  of  protecting  mice  against  the  typhoid  bacillus, 
and  in  1899  Chantemesse  vaccinated  his  hospital  internes  by  a method 
which  has  been  worked  out  with  greater  detail  by  Wright.  The  same 
principle  is  applied  as  in  vaccination  against  cholera,  consisting  of  the 
hypodermic  injection  of  suspended  typhoid  bacilli  killed  by  exposure  for 
five  minutes  at  6o°  C.  A local  reaction  follows  the  injection,  and  by 
the  end  of  a week  or  ten  days  the  blood  of  the  inoculated  individual 
contains  agglutinins  and  its  bacteriolytic  action  toward  the  typhoid 
bacillus  is  materially  increased.  The  dose  of  the  vaccine  depends  upon 
the  virulence  of  the  organism;  Wright  uses  a killed  bouillon  culture; 
others  prefer  suspension  prepared  by  washing  bacilli  from  the  surface 
of  agar  cultures  and  suspending  the  organisms  so  obtained  in  normal 
saline  solution.  The  immunity  produced  is  of  indefinite  duration.  What- 
ever beneficial  results  may  be  obtained  by  inoculation  there  is  every 
reason  to  believe  that  they  are  increased  by  repeating  the  injection. 

Vaccine  treatment  of  typhoid  fever  has  been  tried  with,  in  some  hands, 
encouraging  results.  The  subcutaneous  injection  of  from  five  to  fifty 
million  killed  bacilli  with  proper  intervals  between  doses,  increases  the 
agglutinins  and  opsonins  in  the  patient’s  blood,  and  seems  especially 
useful  in  stimulating  the  production  of  antibodies  necessary  for  the 
destruction  of  bacteria  lingering  in  the  gall-bladder,  urinary  bladder 
or  in  the  late  and  often  prolonged  bone  complications  and  sequels. 

Paratyphoid  bacilli2  produce  lesions  which  may  closely  resemble  those 
of  typhoid  fever.  The  intestinal  changes  are  inconspicuous  or  partake 
more  of  the  nature  of  gastro-intestinal  disturbance  usually  without 
ulceration;  like  typhoid  the  condition  is  a bacteremia  with  toxemia  of 
varying  intensity.  The  cultural  characters  of  paratyphoid  bacilli  are 
summarized  in  table,  page  112.  The  paratyphoid  bacillus  A appears 
to  be  less  virulent  than  B.  Proescher  and  Roddy  do  not  believe  that 
either  produces  an  exotoxin  but  that  the  symptoms  are  due  to  endo- 
toxins liberated  by  bacteriolysis.  Agglutinins  and  precipitins  often 
of  high  potency  are  produced  in  paratyphoid  infection. 

and  coagulates  the  medium;  the  typhoid  bacillus  does  not  coagulate  the  medium 
nor  ferment  the  sugar.  Prof.  Rosenberger  has  obtained  the  same  results,  using 
fluid  from  pleural  effusion. 

1 See  Agglutination,  chapter  on  Bacteriologic  Technic. 

2 Proescher  and  Roddy,  Arch.  Intern.  Med.,  March  15,  1910,  p.  263. 

8 


GENERAL  PATHOLOGY. 


114 

l Dysentery  is  a form  of  colitis  or  enterocolitis,  the  morbid  anatomy 
of  which  will  be  considered  in  Part  II  of  this  book,  in  the  chapter  on  Dis- 
eases of  the  Alimentary  Canal.  At  this  point  it  is  necessary  to  state 
that  there  is  a form  of  the  affection  due  to  the  amebas  (described  in 
chapter  on  Animal  Parasites)  and  also  an  endemic  or  epidemic  dysentery, 
generally  believed  to  be  of  an  infectious  nature  and  associated  with  the 
presence  of  an  organism — Bacillus  dysenteriae1 — recognized  by  Chan- 
temesse  and  Widal  (1888),  but  brought  to  its  present  position  of  promi- 
nence through  the  investigations  of  a number  of  observers,  especially 
Shiga  in  Japan,  Flexner  in  America,  and  Kruse  in  Germany.  There 
are  clearly  a number  of  strains  of  this  organism,  the  cultural  characters 
of  each  being  fairly  constant.  Hiss  recognized  four  groups,  of  which 
three  produced  indol  and,  on  mannite,  developed  acid;  two  did  not 
acidify  maltose  and  saccharose;  one  produced  acid  on  maltose,  mannite, 
saccharose  and  dextrose;  each  produced  acid  in  dextrose  media.  The 
bacillus  is  not  motile,  rarely  if  ever  flagellate,  stains  by  the  ordinary 
anilin  dyes  but  is  Gram-negative.  It  is  1 /x  to  3 /x  long,  0.5  fx  in  diameter; 
it  possesses  no  capsule  and  is  both  aerobic  and  anaerobic.  The  optimum 
temperature  is  370  C.,  but  the  organism  grows  between  180  C.  and  420  C. ; 
the  thermal  death-point  is  6o°  C.  Immunized  animals  and  infected  indi- 
viduals produce  antitoxins  and  agglutinins,  the  latter  active  in  relatively 
high  dilutions. 

Pathogenesis. — Intestinal  lesions  may  be  produced  in  some  of  the 
lower  animals  by  the  administration  of  pure  cultures  by  the  mouth  or 
subcutaneously.  Part  of  a culture  accidentally  swallowed  has  been 
followed  by  dysentery  in  man.  The  organism  evidently  produces  an 
active  poison;  the  fact  that  killed  cultures  are  much  more  toxic  than  the 
filtrate  derived  from  living  cultures  indicates  that  this  toxic  element  is 
largely  intracellular  (endotoxin)  or  is  composed  of  two  substances,  the 
more  active  of  which  is  intracellular.  Doerr  maintains  that  some  dysen- 
tery bacilli  produce  an  exotoxin,  more  abundant  in  allcalin  cultures,  re- 
sisting 70°  C.  and  uninfluenced  by  trypsin,  bile  and  enterokinase.  In 
man  the  toxin  is  excreted  through  the  intestine  and  kidney.  Coyne  and 
Auche  propose  for  the  treatment  of  infectious  dysentery  a polyvalent 
serum  produced  by  administering  to  animals  different  strains  of  dysen- 
tery bacilli.  Pfeiffer  and  Ungermann  think  that  any  good  resulting 
from  serum  is  due  to  its  antiinfectious  rather  than  its  antitoxic  power. 

The  dysentery  bacillus  has  been  found  in  epidemics  of  the  disease  in 
tropic,  subtropic,  and  temperate  climates,  and  in  institutional  dysen- 
teries, such  as  are  occasionally  encountered  in  asylums  and  prisons. 
Numerous  observers  have  isolated  dysentery  bacilli  from  the  stools  in 
cases  of  enterocolitis  in  children,  and  an  organism  indistinguishable 
from  the  virulent  form  has  been  found  in  the  feces  of  healthy  children. 

Gay  and  others  have  investigated  the  action  of  antitoxic  sera  in  the 
treatment  of  dysentery.  In  some  epidemics  the  serum  treatment  seems 

1 Literature  bearing  on  bacillary  dysentery  may  be  traced  from  the  following: 
Flexner  and  Holt,  Monograph,  Bacteriological  (and  Clinical  Studies  of  the  Diarrheal 
Diseases  of  Infancy  with  Reference  to  the  Bacillus  Dysenterise  (Shiga)  from  the 
Rockefeller  Institute  for  Medical  Research,  1904;  Torrey,  Jour.  Exper.  Med., 
July,  1905,  p.  365;  Doerr,  Das  Dysenterietoxin,  1907;  Fisher,  Jour.  Med.  Research, 
May,  1907,  p.  181;  Coyne  and  Auche,  Rev.  de  Med.,  Dec.  10,  1907;  Aveline, 
Boycott  and  MacDonald,  Jour,  of  Hyg.,  June,  1908,  p.  20;  Dopter,  Bull,  de  l’Inst. 
Pasteur,  Feb.  28,  1909,  p.  153,  and  Ann.  de  l’Inst.  Pasteur,  Sept.,  1909;  Pfeiffer 
and  Ungermann,  Centralbl.  f.  Bakt.,  June,  1909,  p.  534. 
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to  have  been  of  some  value,  although  beneficial  results  have  not  invariably 
been  observed. . Anti-dysentery  inoculations  based  on  the  same  principles 
as  anticholera  vaccination  have  been  tried. 

Cholera1  is  a specific,  infectious,  communicable  disease,  practically 
always  water-borne,  and  due  to  the  Spirillum  cholerae  asiaticae  (Koch). 
The  spirillum  of  Asiatic  cholera  is  a short  comma-like  organism  1.5  /r  to 
2.5  /(in  length  and  0.5  [x  to  0.7  //in  thickness.  In  cultures  U-  and  S- 
shaped  forms  and  long  spiral  filaments  occur.  The  organism  is  motile 
and  flagellated  (single  flagellum,  usually  at  one  end).  It  may  be 
grown  between  140  C.  and  420  C.;  the  optimum  temperature  is  370  C.,  and 
thermal  death-point  550  C.  Spore  formation  does  not  occur.  In  old 
cultures  involution  forms,  resembling  yeast  cells,  some  of  which  are  sug- 
gestive of  spores,  are  frequently  present.  The  growth  on  gelatin  is  highly 
characteristic.  In  gelatin  plates  the  surface  at  first  presents  an  appear- 
ance resembling  that  produced  by  sprinkling  the  medium  with  delicate 
glass  splinters;  this  appearance  is  lost  with  beginning  liquefaction.  The 
gelatin  plate  should  be  kept  at  220  C. ; in  about  twenty-four  hours  lique- 
faction becomes  evident,  and  usually  progresses  so  that  in  a few  days 
the  entire  plate  is  liquefied.  Under  the  microscope  the  beginning  colonies 
are  granular  with  irregular  borders,  and  white  or  yellowish-white  in  color. 
In  stab  cultures  the  growth  begins  at  the  surface  and  proceeds  along 
the  line  of  puncture.  Liquefaction  commences  at  the  surface  and  ac- 
companies the  growth  along  the  course  of  the  needle-track;  the  fluidified 
area  is  funnel-shaped  and  a bubble-like  expansion  develops  at  a point 
corresponding  to  the  junction  of  the  tapering  funnel  stem  and  body. 
Milk  is  not  coagulated.  On  agar  and  serum  a thin  whitish  layer,  later 
becoming  brown,  is  produced;  solidified  serum  is  liquefied.  Abun- 
dant growths  can  be  obtained  in  Dunham’s  solution  (1  per  cent,  peptone 
in  water) ; cultures  in  this  medium,  twenty-four  hours  old,  yield  the 
indol  reaction  without  the  addition  of  nitrite.  This  is  due  to  the  spirillum 
reducing  traces  of  nitrates  present,  rendering  it  necessary  to  add  the 
sulphuric  acid  (1  to  2 drops)  only.  The  reaction  is  sometimes  called 
the  nitro-indol  or  cholera-red  reaction,  and  it  is  especially  significant 
if  it  can  be  obtained  by  pure  hydrochloric  acid  or  oxalic  acid. 

A number  of  poisons  have  been  isolated  from  the  cultures  and  bodies 
of  the  germs,  but  the  exact  nature  of  these  substances  remains  undeter- 
mined. Extracellular  toxins  have  been  separated  from  filtered  cultures. 
The  experiments  of  Metchnikoff  and  Pfeiffer  indicate  that  the  intracellular 
and  extracellular  poisons  are  not  identical.  Animals  may  readily  be 
immunized  against  the  organism,  beginning  with  killed  cultures  followed 
by  increasing  doses  of  living  spirilla.  Such  sera  possess  slightly  protective 


1 See  works  referred  to  in  footnote,  p.  41.  Biblography  to  the  older  literature 
will  be  found  in  Allbutt  and  Rolleston,  System  of  Medicine,  vol.  ii,  Part  ii;  Fried- 
berger,  Centralbl.  f.  Bakt.,  1906,  Bd.  xl,  p.  405;  Schurupow,  Centralbl.  f.  Bakt., 
Bd.  xlix,  H.  5,  p.  623;  Michailow,  Centralbl.  f.  Bakt..  Bd.  1,  H.  3,  1909,  p.  296;  Bar- 
renscheen,  Centralbl.  f.  Bakt.,  Bd.  1,  H.  2,  1909,  p.  261;  Kulescha,  Centralbl.  f. 
Bakt.,  Bd.  1,  H.  4,  June,  1909,  p.  418;  Filoff,  Roussky  Vratch,  July  4,  1909;  Kraus 
and  Fukuhara,  Zeitschr.  f.  Immunitatsforsch,  I Orig.  t.  iii,  1909,  p.  33;  Hutchens, 
Laws  and  Sewell,  Jour.  Path,  and  Bact.,  Jan.,  1910,  p.  402;  Salimbeni,  Ann. 
de  l’lnst.  Pasteur,  Jan.,  1910;  Fahr.,  Ergeb  d.  allg.  Path.  u.  Path.  Anat.,  Lub- 
arsch  and  Ostertag,  1 Abt;  1909,  p.  1;  Hachla  and  Holobut,  Centralbl.  f.  Bakt.,  Oct. 
30,  1909,  p.  299;  Hahn,  Munch,  med.  Woch.,  April  5,  1910,  p.  736;  Pergola,  Centralbl. 
f.  Bakt.,  Bd.  liv,  H.  5,  May,  1910,  p.  490;  Haendel  and  Woithe,  Bull,  de  l’lnst. 
Pasteur,  Aug.,  1910,  p.  714. 
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and  therapeutic  properties  and  may  be  used  for  agglutination  or  bacterio- 
lytic studies  necessary  in  identifying  the  organism.  If  the  cholera  spiril- 
lum be  mixed  with  anticholera  serum  and  injected  into  the  peritoneum  of  a 
guinea-pig,  bacteriolysis  promptly  occurs;  the  same  result  follows  the  in- 
jection of  the  organism  into  the  peritoneum  of  an  immunized  animal. 
Agglutinins  occur  in  the  blood  of  immunized  animals  and  in  cholera 
patients. 

Demonstration. — The  spirillum  of  cholera  stains  by  the  usual  anilin 
dyes  and  is  Gram-negative.  Carbol-fuchsin  diluted  with  nine  parts  of 
water  and  used  slightly  warm  is  especially  recommended.  In  sus- 
pected cases  the  organisms  are  present  in  such  large  numbers  that  during 
a cholera  epidemic,  the  clinical  diagnosis  may  be  corroborated  by  micro- 
scopic examination  of  films  prepared  from  typical  stools.  The  Spirillum 
tyrogenum  has  different  cultural  characteristics.  The  spirillum  of  Fin- 
kler  and  Prior  (cholera  nostras)  grows  more  rapidly,  the  colonies  attaining 
a diameter  of  2 or  3 cm.  in  forty-eight  to  fifty-two  hours.  The  organism  is 


Fig.  43.- — Spirillum  cholera  Asiatics;  Pure  Culture. 

less  virulent  than  the  cholera  spirillum  and  is  not  agglutinated  by  the 
serum  of  cholera  patients  or  cholera-immune  animals.  The  cholera  nos- 
tras spirillum  gives  the  indol  reaction  much  later;  cultures  are  fetid  and 
the  stools  from  cases  of  cholera  nostras  much  more  offensive  than  those 
of  true  cholera. 

Pathogenesis. — The  influence  of  the  cholera  spirillum  on  animals  has 
been  referred  to  in  the  preceding  paragraph.  Animals  under  natural 
conditions  appear  immune  against  cholera  and  the  typical  disease  cannot 
be  produced  in  them.  By  neutralizing  the  gastric  juice  and  administering 
opium  it  has  been  possible  to  produce  choleraic  symptoms  when  virulent 
spirilla  are  given  by  the  mouth.  Similar  results  have  occasionally 
followed  intraduodenal  injection  of  the  organism.  Laboratory  workers 
have  been  infected  by  cultures. 

Protective  Inoculation. — Haffkine  devised  a method  for  securing 
a certain  degree  of  immunity  to  cholera.  Surpensions  of  cholera  organ- 
isms, possessing  low  virulence,  are  injected  subcutaneously,  followed 
in  four  to  six  days  by  similar  injections  of  highly  virulent  spirilla.  The 
quantity  of  the  injection  in  each  case  must  depend  upon  the  virulence 
of  the  organism,  and  can  be  determined  by  experiment  only.  This 
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method  of  vaccination  has  been  extensively  used,  particularly  in  India 
and  the  Philippines,  and  has  been  generally  approved. 

The  cadaver,  in  cholera,  often  shows  characteristic  lesions.  Rigor 
mortis  comes  on  early  and  is  often  accompanied  by  postmortem  con- 
tractions of  the  muscles.  The  skin,  particularly  of  the  palms  of  the 
hands,  may  be  wrinkled  and  the  features  drawn.  The  tissues  of  the 
body  appear  abnormally  dry,  a result  brought  about  by  the  abundant 
alvine  discharges.  Petechiae  and  ecchymotic  spots  are  sometimes  present 
in  the  subserous  tissues.  The  lungs,  spleen,  and  liver  show  no  constant 
change.  The  kidneys  are  swollen,  congested,  and  may  contain  ecchy- 
motic spots;  the  capsule  is  less  firmly  attached  than  normal  and  the 
renal  epithelium  shows  more  or  less  granular,  fatty,  and  desquamative 
change.  The  most  constant  alterations  are  found  in  the  intestine,  the 
lesions  becoming  more  intense  from  the  jejunum  to  the  ileocecal  valve. 
The  mucosa  is  swollen  and  frequently  shows  large  denuded  areas  or 
smaller  spots  of  desquamation;  the  solitary  nodes  are  often  conspicuous 
and  the  patches  of  Peyer  hyperemic  and  more  or  less  tumefied.  Some- 
times the  surface  of  the  membrane  is  covered  by  a grayish  diphtheroid 
film.  The  grayish,  rice-water  intestinal  content  is  loaded  with  desqua- 
mated epithelium,  leukocytes,  and  varying  numbers  of  red  blood-cells. 
The  cholera  spirilla  are  particularly  abundant.  The  lesions  in  the  colon 
are  of  a similar  kind,  but  less  marked  than  those  occurring  in  the  ileum. 
During  life  cholera  spirilla  occur  in  the  feces  in  enormous  number,  and 
Filoff  has  shown  that  after  recovery  they  may  persist  in  the  dejecta  for 
more  than  three  months. 

Tuberculosis. — The  Bacilli  of  tuberculosis1  are  rather  pleomorphic 
organisms  and  it  seems  fairly  established  that  they  are  closely  related 
to  the  actinomyces;  they  are  rod-shaped  under  certain  conditions  only, 
and  might  as  well  be  classed  with  the  streptothrix  group.  It  is  possible 
to  recognize  three  important  divisions  of  the  tubercle  bacillus:  (1)  The 

tubercle  bacillus  of  mammals.  (2)  The  tubercle  bacillus  of  birds.  (3) 
The  tubercle  bacillus  of  poikilothermic  animals. 

The  tubercle  bacilli  of  mammals  show  certain  morphologic  and 
cultural  differences  depending  upon  the  particular  animals  from  which 
each  organism  is  obtained.  For  this  differentiation  we  are  largely  in- 
debted to  Theobald  Smith.  The  following  condensed  description  pre- 
sents the  important  characters  of  the  tubercle  bacillus  found  in  warm- 
blooded animals  and  particularly  that  pathogenic  in  man.  It  is  an 
aerobic,  nonmotile,  straight  or  .slightly  curved  rod  with  rounded  ends, 
1.5  («  to  3.5  jj.  long  and  0.25  ix  to  0.5  /x  thick;  its  optimum  temperature  is 
37. 50  C.,  the  minimum  30°  C.,  and  the  maximum  rarely  exceeds  40°  C., 
although  it  can  be  made  to  grow  at  450  C.  The  thermal  death-point  is 
about  6o°  C.  (fifteen  minutes  exposure),  although  under  favorable  condi- 

1 The  literature  on  the  tubercle  bacillus  is  widely  distributed,  and  the  scope  of  this 
book  does  not  permit  full  references,  von  Dungern  and  Smidt,  Arbeiten  a.  d.  kaiserl. 
Gesundh.,  1906,  Bd.  xxiii;  Cornet,  Die  Tuberkulose,  1907;  Tuberkulosestudien,  Virch. 
Arch.,  Beiheft  z.  Bd.  cxc,  Dec.,  1907;  Steriopoulo,  Les  Bacilles  tuberculeux  et  Autres 
Bacilles  acido-et  alcoholo-resistants;  leurs  rapports  reciproques,  Moscow,  1908; 
Moss,  Bull.  Johns  Hopkins  Hosp.,  Feb.,  1909;  Trudeau,  Studies  from  The  Saranac 
Laboratory  for  the  Study  of  Tuberculosis,  1910;  Lewis,  Jour.  Exper.  Med.,  1910, 
vol.  xii,  No.  1;  Hohlfeld,  Munch,  med.  Woch.,  Feb.  1,  1910,  p.  235;  Baldwin, 
Jour.  Med.  Research,  1910,  vol.  xxii,  No.  2;  Siebert,  Centralbl.  f.  Bakt.,  Bd.  li, 
H.  4,  1909,  p.  305;  Eber,  Munch,  med.  Woch.,  No.  43,  Oct.,  1909,  p.  2215;  Weber, 
Tuberbulose-Arbeiten  a.  d.  kaiserl.  Gesundh.,  1910. 
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tions  (for  example,  in  sputum)  the  organism  may  resist  ioo°  C.  for  fifteen 
minutes.  Although  intermediate  forms  occur,  most  cultures  of  freshly 
isolated  bacilli  from  warm-blooded  animals  may  be  divided  into  two  classes ; 
the  first — eugonic  group — is  readily  cultivated  on  appropriate  media 
yielding  luxuriant  growths;  the  second — dysgonic  group — is  more  diffi- 
cult to  cultivate,  at  first  developing  scantily  and  slowly,  and  only  after 
rather  prolonged  cultivation  giving  abundant  growth.  The  dysgonic 
group  contains  the  more  virulent  strains  and  is  generally  regarded  as  of 
bovine  origin — Typus  humanus.  Inoculated  with  bovine  bacilli  rabbits 
usually  die  in  less  than  a month;  bacilli  of  human  origin  rarely  kill  this 
animal  in  less  than  two  or  three  months  and  sometimes  not  at  all.  Bo- 
vine bacilli  are  shorter  than  organisms  of  the  Typus  humanus. 

Compared  with  most  pathogenic  bacteria  the  tubercle  bacillus,  when 
first  isolated,  no  matter  what  its  origin,  grows  slowly,  requiring  from  two 
to  three  weeks  to  make  its  appearance  upon  solidified  blood-serum — a 
medium  especially  adapted  to  its  cultivation.  It  also  grows  upon  glycerin 
agar  and  may  acquire  the  ability  to  develop  upon  glycerin-free  media, 
although  such  growth  is  attained  only  after  considerable  difficulty.  On 
the  surface  of  solidified  serum  it  appears  as  a cream-colored  or  whitish 


Fig.  44. — Bacillus  tuberculosis. 

Branched  and  beaded  forms  from  homogeneous  culture  of  human  origin. 

layer,  usually  dull,  granular,  and  somewhat  wrinkled;  granularity  and 
wrinkling  become  more  marked  as  the  culture  ages,  and  finally  the  sur- 
face takes  on  a bread-crumb  appearance.  On  glycerin-bouillon  care- 
fully floated  fragments  gradually  extend,  forming  a finely  granular,  white 
or  cream-colored  layer  with  a dull  surface  eventually  covering  the 
medium  and  spreading  1 or  2 mm.  upward  on  the  side  of  the  flask 
or  tube.  In  older  cultures  the  surface  wrinkles  and  the  pellicle  saturates 
and  sinks,  after  which  some  slight  surface  growth  may  redevelop;  ordi- 
narily, however,  the  second  film  is  scanty  and  incomplete.  The  growth 
upon  glycerin-agar  resembles  those  on  serum.  Cultures  on  vegetable 
media  have  been  obtained. 

Demonstration. — The  tubercle  bacillus  resists  the  penetrating  action 
of  dyes,  but  once  it  has  absorbed  the  stain  is  decolorized  with  difficult}’; 
both  these  qualities  depend  upon  the  fat-like  substance  contained  within 
the  bacillary  protoplasm.  It  can  be  stained  with  most  of  the  basic  anilin 
dyes  and  by  Gram’s  method.  It  is  more  readily  demonstrated  in  films 
than  in  sections;  and  in  tissues  supposed  to  contain  the  bacillus,  better 
results  are  obtained  from  the  expressed  juices  than  in  sections.  Urine  to 
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be  examined  for  tubercle  bacilli  should  be  subjected  to  prolonged  sedi- 
mentation by  methods  given  in  the  chapter  on  Technic  of  Microscopic 
Examination  of  the  Urine.  Sputum  may  be  taken  as  a type,  and  the 
method  recommended  for  demonstrating  the  bacillus  in  expectoration 
can  be  applied  to  other  pathologic-  fluids  and  exudates.  In  the  sputum 
search  is  made  for  yellowish,  opaque,  cheesy  particles  the  finding  of  which 
is  facilitated  by  spreading  the  liquid  on  glass  or  in  the  bottom  of  a large 
Petri  dish.  Selected  material  is  spread  in  a thin,  even  layer  on  the  sur- 
face of  a slide  or  cover-glass,  preferably  the  latter,  and  is  allowed  to  dry 
in  the  air.  The  prepared  film  is  then  fixed  by  passing  it  through  the 
flame,  following  directions  given  in  the  chapter  on  Bacteriologic  Technic. 
Flood  the  film  with  carbol-fuchsin  and  heat  for  three  to  five  minutes,  not 
allowing  the  stain  to  boil  or  become  dry.  Pour  off  the  excess  stain,  wash 
in  water,  and  apply  a few  drops  of  Gabbet’s  acid  methylene-blue,  which 
should  be  evenly  flooded  over  the  film  and  allowed  to  act  two  or  three 
minutes.  Wash  the  film  in  water,  and  if  all  the  red  has  not  been  dis- 
charged, reapply  the  Gabbet’s  solution;  after  the  final  washing  in  water, 
dry  and  mount  in  balsam.  In  successful  preparations  the  tubercle  bacilli 
appear  as  short  red  rods,  sometimes  beaded  or  granular,  while  other 


Fig.  45. — Bacillus  tuberculosis.  (V on  Jacksch.)  X 800  diameters. 


bacteria,  the  ground-substance  and  nuclei  of  cellular  elements,  are  stained 
blue.  When  time  is  no  object,  films  or  sections  may  be  allowed  to  remain 
in  the  stain  twelve  to  twenty-four  hours  at  room-temperature,  and  it  is 
probable  that  this  method  yields  better  results  than  the  more  rapid  one. 
The  formula  for  carbol-fuchsin  in  given  in  the  appendix;  Gabbet’s  acid 
methylene-blue  counterstain  is  prepared  by  adding  2 gm.  of  methylene- 
blue  to  100  c.c.  of  a twenty-five  per  cent,  aqueous  solution  of  sulphuric 
acid. 

Pappenheim’s1  method  is  superior  to  that  of  Gabbet.  After  staining 
with  carbol-fuchsin  and  without  washing  in  water  the  film  is  flooded  with 
a decolorizing  solution  prepared  by  dissolving  1 gm.  of  coralin2  in  100  c.c. 
of  absolute  alcohol  and  saturating  this  mixture  with  methylene-blue,  after 
which  add  20  gm.  of  glycerin.  The  decolorizing  solution  is  poured  off 
and  fresh  applied,  this  step  being  repeated  four  or  five  times;  finally  wash 
in  water,  the  excess  of  which  is  removed  with  a blotter,  dry  the  film,  and 
mount  in  balsam.  Pappenheim  claims  that  by  this  method  smegma 
bacilli  do  not  retain  the  red  dye  but  are  stained  blue.  Sections  may  be 
stained  with  carbol-fuchsin  and  differentiated  by  Gabbet’s  method,  or 


1 Berl.  klin.  Woch.,  1898,  p.  809. 

2 This  substance  is  also  called  rosolic  acid,  and  I believe  is  identical  with  aurin. 


120 


GENERAL  PATHOLOGY. 


decolorization  may  be  accomplished  by  using  a twenty-five  per  cent, 
aqueous  solution  of  nitric  or  sulphuric  acid  followed  by  sixty  per  cent, 
alcohol  and  water;  after  the  acid  has  been  fully  removed  by  the  alcohol 
and  water  the  tissue  cells  can  be  stained  in  one  per  cent,  methylene-blue 
for  five  minutes,  followed  by  water,  dehydration  with  alcohol,  and  clearing 
in  xylol,  cedar  oil,  or  oil  of  cloves.  The  clove  oil  tends  to  carry  differen- 
tiation too  far,  and  the  specimens  do  not  keep  well  unless  it  has  been 
thoroughly  removed  by  xylol  or  cedar  oil  before  mounting  in  balsam. 
As  the  bacilli  may  be  scanty  in  urine  and  pathologic  exudates,  sedimenta- 
tion is  important  and  a number  of  spreads  should  be  examined. 

In  many  specimens  bacilli  are  scanty  and  enrichment  of  spreads,  truly 
a concentration,  is  highly  advantageous.  Of  the  many  methods  sugges- 
ted, several  observers1  strongly  recommend  the  following:  To  the  spu- 

tum or  macerated  tissue  one-half  its  bulk  of  0.6  per  cent,  sodium  carbo- 
nate is  added,  the  mixture  thoroughly  shaken  and  incubated  twenty-four 
hours.  Pour  off  upper  layer,  centrifuge  remainder  and  decant  super- 
natant fluid.  Pour  on  the  sediment  two  to  four  times  as  much  0.25  per 
cent,  sodium  hydroxid  solution,  mix  and  boil,  stirring  thoroughly. 
Again  centrifuge,  make  smears  from  the  sediment  and  stain  as  above 
directed.  The  method  yields  far  better  results  than  any  of  the  anti- 
formin  or  allied  processes. 

As  there  are  numerous  acid-fast2  bacilli  resembling  more  or  less  closely 
the  tubercle  bacillus,  when  results  by  staining  methods  are  not  satisfac- 
tory animals  should  be  inoculated.  Sputum  or  other  suspected  material 
is  injected  or  placed  in  subcutaneous  pockets  guarding,  as  far  as  possible, 
against  extraneous  infection;  for  experimental  inoculation  guinea-pigs 
are  preferred.  The  animal  usually  sickens  and  dies  in  from  three  to  eight 
weeks;  earlier  death  is  frequently  due  to  acuter  infections  by  associated 
organisms.  It  is  best  not  to  wait  until  the  animal  dies  spontaneously  but 
to  kill  it,  and,  under  aseptic  precautions  complete  the  dissection,  using 
fragmented  lymph-nodes,  spleen  or  other  organs  manifesting  lesions  for 
inoculation  of  solidified  blood  serum.  Precautions  should  be  taken  to 
prevent  inoculated  media  from  drying.  Attempts  to  obtain  cultures  from 
sputum  are  tedious,  uncertain  and  often  disappointing. 

Agglutination. — The  blood  of  tuberculous  patients  contains  agglu- 
tinins for  the  bacillus,  but  the  difficulty  in  securing  and  maintaining 
homogeneous  cultures  free  from  clumps,  and  the  fact  that  our  present 
knowledge  of  the  reaction  indicates  that  is  is  not  absolutely  constant  and 
trustworthy,  have  prevented  its  general  adoption.3 

Tuberculins  are  products  derived  from  the  tubercle  bacillus.  The 
“ old  tuberculin”  (O.  T.)  also  called  “ original  tuberculin,”  is  prepared  by 
growing  tubercle  bacilli  on  alkaline  bouillon  containing  five  per  cent, 
glycerin  for  about  two  months  at  370  C.  The  flask  containing  the  culture 
entire  is  placed  on  a water  bath,  heated  to  8o°  C.,  and  the  heating  contin- 
ued until  evaporation  reduces  the  fluid  to  one-tenth  its  original  volume 
when  the  residue  is  filtered  through  sterile  paper  or,  better,  porcelain. 
This  fluid  contains  any  exotoxins  not  destroyed  by  heat  and  such  resisting 

1 Zeit.  f.  Hyg.  u.  Infelctionskr.,  lxvi,  pp.  315  and  336,  1910. 

2 The  term  acid-fast  is  applied  to  organisms  resisting  decolorization  by  acids. 
A full  review  of  these  organisms  will  be  found  in  a paper  by  Rosenberger,  Medicine, 
March,  1904;  also  Publications  form  the  Laboratories  of  the  The  Jefferson  Medical 
College  Hospital,  vol.  i,  1904. 

3 Courmont,  Arch,  of  Intern.  Med.,  March,  1909. 
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endotoxins  as  can  be  extracted  in  fifty  per  cent,  glycerin.  The  preserva- 
tive action  of  the  glycerin  may  be  reinforced  by  the  addition  of  o.j;  per 
cent,  phenol.  The  dose  is  from  i / 1000  to  2/10  milligram. 

Alkalin  tuberculin  (T.  A.)  is  prepared  by  extracting  the  bacilli  with 
decinormal  sodium  hydroxid.  The  preparation  is  exceedingly  irritating, 
often  producing  abscesses,  and  is  rarely  used. 

Tuberculin-Oberschicht  is  made  by  grinding  bacilli  dried  in  vacuo 
until  no  bacillus  can  be  demonstrated  in  stained  preparations;  one  gram 
of  the  powdered  organisms  is  added  to  100  c.c.  sterile  distilled  water,  the 
mixture  thoroughly  agitated,  and  finally  centrifugalized  until  the  super- 
natant fluid  is  freed  of  suspended  matter;  it  is  then  decanted.  Tuber- 
culin-Oberschicht is,  therefore,  an  aqueous  extract  of  bacilli.  The  sedi- 
ment is  again  dried  and  powdered,  shaken  with  water,  centrifugalized  and 
the  supernatant  water  poured  off.  This  is  repeated  at  least  three  times, 
the  total  amount  of  water  used  not  exceeding  100  c.c.  The  clear  fluids 
derived  from  the  three  or  more  operations  and  amounting  to  100  c.c.  are 
mixed,  constituting  Tuberculin-Ruchstand  (T.  R.) . The  dose  is  2/1000 
milligram  to  1 milligram,  always  beginning  with  the  smaller  quantity. 

Bacillary  emulsion  (B.  E.)  is  a suspension  of  thoroughly  ground  dried 
bacilli  one  part,  distilled  water  100  parts,  and  glycerin  100  parts.  The 
coarser  fragments  of  bacilli  are  removed  by  centrifugalization.  Dose 
1 / 1000  milligram. 

Denys’  tuberculin1  (bouillon  filtre)  is  prepared  by  filtering  a glycerin- 
bouillon  culture  first  through  paper  and  then  through  porcelain  and 
adding  to  the  filtrate  0.25  per  cent,  phenol  and  a lump  of  thymol.  Undi- 
luted it  preserves  its  strength  a long  time;  dilutions  older  than  three  weeks 
should  not  be  employed.  The  dose  is  0.025  c-c-  to  Q-1  c.c.  subcutaneously 
or  into  a vein. 

When  not  otherwise  stated  tuberculins  are  prepared  from  tubercle 
bacilli  of  the  Typus  humanus  but  may  be  made  from  organisms  of  the 
Typus  bovinus.  For  diagnostic  purposes  tuberculin  was  long  used  sub- 
cutaneously; in  the  presence  of  tuberculosis  the  temperature  rises  within 
six  to  twelve  hours  from  o . 50  C.,  to  1.50  C.  As  the  recognition  of  reaction 
rests  to  a large  degree  on  the  temperature,  tests  should  be  made  after 
several  days’  observation  have  established  an  afebrile  period.  Visible  or 
palpable  lesions  swell  and  become  tender. 

The  ophthalmo-tuberculin  test  or  conjunctival  test2  (Wolff-Eisner, 
Calmette)  requires  a special  tuberculin  prepared  by  adding  two  parts 
of  ninety-five  per  cent,  alcohol  to  one  part  of  old  tuberculin,  washing  the 
precipitate  with  seventy-five  per  cent,  or  ninety-five  per  cent,  alcohol 
until  the  fluid  comes  away  clear.  The  sediment  is  collected  on  a filter, 
dried  in  vacuo  over  sulphuric  acid,  pulverized  and  dissolved  in  sterile 
normal  salt  solution  in  the  proportion  of  one  part  of  the  powder  in  one 
hundred  parts  of  fluid;  the  solution  is  kept  germ-free  by  repeated  steriliza- 
tion, sealing  in  capsules  or  aseptic  preservation  in  other  containers. 
Weaker  solutions  may  be  used.  One  drop  of  the  prepared  tuberculin  is 
instilled  into  the  lower  inner  portion  of  the  conjunctiva.  A positive  re- 
action is  manifested  by  redness,  swelling,  lachrymation  and  exudation  of 
varying  intensities.  The  test  is  not  without  danger. 

Cutaneous  tuberculin  tests  (A)  (von  Pirquet ). — Diluted  one-half  or 

1 Denys,  Le  Bouillon  Filtre  du  Bac.  Tuberculose,  Louvain,  1905. 

2 Hamill,  Carpenter  and  Cope,  Arch.  Intern.  Med.,  Dec.,  1908. 
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undiluted,  a drop  of  tuberculin  is  rubbed  into  a superficial  abrasion  0.5  cm. 
in  diameter,  produced  by  scarification  (no  blood  should  be  drawn).  As 
a control  a similar  scarification  about  5 cm.  distant  should  be  made  and  care- 
fully protected  from  tuberculin  applied  to  the  first;  reaction  is  manifested 
by  an  areola  of  redness  appearing  in  from  six  to  twenty  hours  and  persisting 
for  four  or  five  days  to  fifteen  days.  Sometimes  vesicles  or  even  pustules 
are  produced.  There  should  be  little  if  any  redness  in  the  control  area. 

(B)  ( Moro ). — Originally  for  this  test  an  ointment  consisting  of  equal 
parts  of  “old  tuberculin’’  and  anhydrous  lanolin  was  rubbed  into  the 
skin,  but  a drop  of  tuberculin  is  equally  efficacious.  The  finger  used  for 
massaging  the  tuberculin  into  the  skin  should  be  covered  by  a rubber 
glove  or  finger  stall.  The  reaction  consists  of  reddening  and  the  appear- 
ance of  papules  or  a papulovesicular  eruption,  persisting  for  several  days, 
sometimes  for  weeks,  disappearing  by  desquamation  and  leaving  a pig- 
mented area  which  is  often  discernible  much  longer. 

The  cases  of  reported  infection  of  man  by  the  bacillus  of  avian  tuber- 
culosis1 are  not  convincing;  it  is  certain  that  the  organism  plays  no 
important  part  in  human  pathology.  The  same  is  true  of  tubercle 
bacilli  obtained  from  poikilothermic  animals.2  Members  of  both  these 
groups  have  been  used  for  immunizing  lower  animals  and  a few  studies 
have  been  made  on  man. 

Pathogenesis. — Much  discussion  has  arisen  as  to  the  identity  of  the 
tubercle  bacilli  obtained  from  warm-blooded  animals.  The  controversy 
has  been  particularly  heated  with  regard  to  bovine  and  human  bacilli, 
and,  while  much  may  be  said  on  both  sides,  I believe  it  is  safe  to  conclude 
that  they  are  closely  related  strains.  It  is  the  conclusion  of  von  Dungern 
and  Smidt  that  anthropoid  apes  are  about  equally  susceptible  to  both 
types  and  that  the  lesions  produced  are  microscopically  indistinguishable. 
Their  investigations  seemed  to  indicate  that  in  feeding  experiments  the 
Typus  bovinus  more  frequently  gave  rise  to  intestinal  and  lymph-node 
infection  and  the  Typus  humanus  to  pulmonary  lesions.  Practically  all 
warm-blooded  animals  may  be  infected  with  tubercle  bacilli ; some  possess 
a higher  degree  of  susceptibility  than  others;  the  ass  and  the  goat  are 
much  more  resistant  than  the  horse  or  cow.  In  man  the  disease  is  exceed- 
ingly prevalent.  In  Germany  during  one  year  diphtheria  and  croup, 
whooping-cough,  scarlet  fever,  measles,  and  typhoid  gave  a total  mortality 
of  116,705;  tuberculosis,  123,904. 

Susceptibility. — Mortuary  statistics  show  that  practically  all  adults 
have  at  some  time  harbored  the  tubercle  bacillus.  The  fact  that  a large 
number  escape  the  ravages  produced  by  the  organism  clearly  indicates 
that  those  who  succumb  offer  less  resistance  to  the  inroads  of  the  infection 
than  those  who  survive.  Exactly  what  determines  this  increased  sus- 
ceptibility is  not  known.  Children  of  tuberculous  parents  are  clearly 
more  susceptible  than  those  having  a healthy  parentage.  Overcrowding, 
bad  sanitary  conditions,  and  dust  occupations  undoubtedly  favor  the 
occurrence  of  the  infection. 


1 An  excellent  view  of  this  organism  is  given  by  Moore,  Jour.  Med.  Research. 
May,  1904,  p.  521.  See  also  Koch  and  Rabinowitsch,  Virch.  Arch.,  vol.  cxc,  Suppl. 

2 For  studies  of  the  tubercle  bacillus  in  cold-blooded  animals  see  Bertarelli, 
Archivio  p.  1,  Sci.  Med.,  No.  3,  1905;  Betegh,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  3, 
April,  1910,  p.  211;  Bertarelli  and  Bocchia,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  5,  May, 
191°,  p.  385. 
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Paths  of  Infection.1 — Prenatal  Tuberculosis. — Tubercle  bacilli  have 
been  demonstrated  in  the  semen  of  tuberculous  animals,  including  man, 
and  also  in  the  ovaries;  it  is  equally  possible  that  the  ovum  might  contain 
the  bacilli ; proof,  however,  of  conceptional  tuberculosis  is  not  conclusive, 
although  the  possibility  must  be  admitted.  Transplacental  infection 
has  been  proved  experimentally  in  the  lower  animals  and  also  observed 
in  man.  The  studies  of  Warthin2  and  Sitzenfrey3  show  that  placental 
infection  is  probably  more  frequent  than  has  been  generally  held. 
Sitzenfrey  has  demonstrated  tuberculous  lesions  in  the  vessels  of  the 
umbilical  cord. 

Inoculation  tuberculosis  is  seen  in  the  postmortem  nodule,  verruca 
necrogenica  of  Wilks.  The  author  has  had  an  opportunity  to  observe  a 
rather  extensive  local  tuberculosis  of  the  tendon-sheaths  of  the  hand  and 
wrist,  resulting  from  infection  of  an  open  wound  upon  the  thumb ; the  pa- 
tient had  nursed  a son  suffering  from  pulmonary  tuberculosis,  and  during 
his  illness  had  accidentally  wounded  her  thumb.  The  wound  was  slow  to 
heal,  and  even  before  its  disappearance  tuberculosis  of  the  adjacent 
tendon-sheath  developed;  later  the  infection  extended  to  a number  of 
tendons  in  the  wrist,  eventually  following  the  course  of  these  structures  in 
both  the  dorsal  and  palmar  tissues.  Ware4  has  collected  21  cases  of 
inoculation  tuberculosis  following  ritual  circumcision,  and  Bruns5  reported 
four  instances  of  cutaneous  inoculation  by  the  hypodermic  needle.  Rav- 
enel6  has  collected  the  recorded  instances  of  inoculation  of  man  by  bovine 
bacilli. 

Inhalation  Infection. — It  is  the  consensus  of  opinion  that  tubercle 
bacilli  most  commonly  enter  the  system  with  the  inhaled  air;  in  this 
way  infection  may  reach  the  nose,  tonsils,  pharynx,  larynx,  trachea, 
bronchi,  and  lungs.  Infection  through  the  nasal  mucosa  must  be  rare; 
oral  and  laryngeal  infection  will  be  referred  to  when  discussing  food  infec- 
tion. Kingsford,7  studying  tuberculosis  in  children,  thought  that  forty- 
nine  per  cent,  of  his  patients  were  infected  through  the  mucosa  of  the 
trachea  or  larger  bronchi.  Anatomic  studies  show  that  the  pulmonary 
tissues  are  more  commonly  affected  in  this  way  than  are  the  larger  bronchi, 
trachea,  or  larynx. 

Ingestion  Tuberculosis. — Inhaled  tubercle  bacilli  must  frequently 
be  deposited  upon  the  oral  and  pharyngeal  mucosa  and  on  the  tonsil,  and 
to  these  must  be  added  organisms  entering  with  the  food.  There  can 
be  no  doubt  that  bacilli  may  reach  the  cervical  glands  from  lesions  in 
the  mouth  or  from  the  tonsils  and  pharynx.  The  frequency  with  which 
tuberculosis  attacks  the  cervical  lymph-nodes,  particularly  in  childhood 
and  adolescence,  argues  strongly  for  this  route  of  infection.  Kings- 
ford8 from  the  tonsil  of  17  children  found  evidence  of  tuberculosis  in  7, 
although  in  only  one  was  there  reason  to  believe  that  the  tonsillar 

1 The  Zeitschr.  f.  Hyg.,  Bd.  lx,  contains  several  valuable  papers  on  tuberculosis 
infection.  See  also  Cobbett,  Jour,  of  Path,  and  Bact.,  April,  1910. 

2 Jour,  of  Infect.  Dis.,  June,  1907. 

3 Die  Lehre  v.  d.  kongenit.  Tuberkulose,  m.  besonderer  Beriichtsichtigung 
Placentartuberkulose,  Berlin,  1909. 

4 N.  Y.  Med.  Jour.,  Feb.  26,  1898. 

5 Munch,  med.  Woch.,  Sept.  13,  1904. 

6 Proc.  Path.  Soc.  of  Phila.,  May,  1902,  p.  181.  See  also  Amer.  Jour,  of  the  Med. 
Sci.,  Oct.,  1907. 

7 Lancet,  Sept.  24,  1904,  p.  889. 

8 Lancet,  Jan.,  9,  1904,  p.  89. 
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lesion  might  be  primary.  Infection  through  the  esophagus  and  stomach 
is  rare.  With  regard  to  the  frequency  of  intestinal  infection  there  has 
been,  within  recent  years,  the  warmest  controversy.  Certainly  primary 
intestinal  tuberculosis  is  rare.  Behring1  strongly  contends  for  infection 
through  the  intestine,  holding  that  it  is  not  necessary  to  prove  a primary 
lesion  of  the  mucosa,  although  this  may  have  been  present.  A number 
of  observers2  have  shown  that  in  animals  tubercle  bacilli  may  pass  through 
an  intestinal  mucosa  in  which  there  is  no  demonstrable  lesion. 

Morbid  Anatomy  of  Tuberculosis. — In  order  that  the  tubercle  bacillus 
may  produce  characteristic  lesions  it  must  pass  the  epithelial  barriers 
and  enter  the  connective  tissues.  The  exception  to  this  general  statement 
is  found  when  the  organism  colonizes  on  epithelial  surfaces,  for  example, 
the  mucosa  of  the  middle  ear,  the  pulmonary  air  vesicles,  or  in  the  Fallopian 
tubes.  When  growing  in  such  locations,  the  bacillary  products  promptly 
incite  a reactive  inflammation  accompanied  by  accumulation  of  the 
leukocytes,  necrosis  of  the  overlying  epithelium,  and  caseous  changes  in 
the  exudate.  Unless  promptly  circumscribed  the  extending  necrosis 
exposes  the  connective  tissue  into  which  the  bacillus  enters,  giving  rise  to 
a characteristic  lesion — the  histologic  tubercle.  This  structure — ordina- 
rily called  a miliary  tubercle — is  primarily  an  accumulation  of  cells  derived 
largely  from  the  blood  and  adjacent  lymph-spaces.3  The  tubercle  bacillus 
both  dead  and  living  exerts  a strong  chemiotatic  power  on  the  mononu- 
clear leukocytes;  deposited  in  the  tissues,  an  accumulation  of  these  cells 
rapidly  forms  about  the  organism.  This  irregularly  grouped  mass  of 
mononuclear  cells,  not  yet  characteristically  assembled,  is  sometimes 
called  a submiliary  tubercle.  There  soon  appear  in  the  mass,  cells  much 
larger  than  the  lymphoid  elements,  concerning  the  origin  of  which  there  is 
less  certainty.  Some  hold  that  they  are  derived  from  mononuclear 
leukocytes,  others  from  the  endothelium  of  the  blood-vessels,  or  from  the 
connective-tissue  cells.  It  is  probable  that  they  are  of  leukocytic 
origin.  They  are  commonly  called  epithelioid  cells.  Near  the  center 
of  the  young  tubercle,  giant  cells  are  the  next  conspicuous  structures. 
They  vary  in  size,  but  may  attain  a maximum  diameter  of  75  pi.  In 
the  typical  giant  cell  the  remaining  nuclei  are  peripherally  distributed 
and  the  center  is  granular,  while  from  its  margin  spiculated  exten- 
sions project  between  adjacent  cells.  By  appropriate  methods  tubercle 
bacilli  in  varying  numbers  can  be  found  in  its  interior.  With  regard 
to  the  origin  of  these  structures,  two  views  are  held:  (1)  They  result  from 
confluence  of  the  epithelioid  cells  and  increase  in  size  by  the  continued 
merging  of  these  elements.  (2)  It  is  not  impossible  that  some  of  the 
giant  cells  are  derived  from  proliferated  endothelial  or  fixed  connective- 
tissue  cells,  in  which  the  nuclei  have  divided  without  corresponding  change 
in  the  protoplasm.  Miller  is  strongly  inclined  to  the  origin  first  suggested. 
Within  the  developing  tubercle  there  is  usually  demonstrable  a reticulum 
which  is  more  conspicuous  in  some  places  than  in  others.  Miller  believes 
that  it  represents  prolongations  of  connections  between  the  original  cells 

1 For  recent  papers  supporting  Behring’s  views  see  Beitzke,  Berl.  klin.  Woch., 
Jan.  9,  1905. 

2 Raveneland  Reichel,  Jour.  Med.  Research,  March,  1908;  Orth  and  Rabinowitch, 
also  Beitzke,  Virch.  Arch.,  Bd.  cxciv,  Beiheft,  1908;  Wollstein,  Arch.  Intern.  Med., 
April  15,  1909. 

3 See  Miller,  Jour,  of  Path,  and  Bact.,  November,  1904,  vol.  x,  p.  1,  on  Histo- 
genesis of  the  Tubercle. 
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of  the  tubercle — a view  long  ago  advanced  by  Rindfleisch,  and  which  best 
explains  its  general  characters.  It  is  possible  that  part  of  the  reticulum 
is  residual  connective  tissue  that  has  not,  as  yet,  disappeared  under  the 
influence  of  the  bacillary  toxins.  With  regard  to  the  noncellular  con- 
stituents of  the  tubercle,  fewer  accurate  data  are  obtainable.  In  young 
tubercles  it  may  be  possible  to  demonstrate  the  presence  of  fibrin,  and 
this  is  usually  considered  an  evidence  of  coagulation  necrosis. 

The  mass  just  described  varies  in  size,  being  rarely  larger  than  a pin- 
point (one  or  two  millimeters),  although  it  may  be  much  larger;  as  a 
rule,  a number  of  these  develop  conjointly,  and  become  confluent.  The 
tubercle  large  enough  to  be  seen  by  the  unaided  eye  contains,  as  a rule, 
many  small  tubercles,  such  as  that  described,  and  is  termed  a conglomer- 
ate tubercle.  By  the  changes  already  noted,  the  capillary  blood-supply 
is  cut  off  from  the  center,  favoring  the  occurrence  of  necrotic  and  degen- 
erative processes  brought  about  by  the  specific  action  of  the  bacillus,  or, 
more  properly,  of  the  bacillary  products.  Coagulation  necrosis  termi- 
nates in  solidification  of  any  liquid  exudate  the  product  of  which,  with 
the  dead  cells,  proceeds  to  caseation.  In  the  beginning  of  this  process 


Fig.  46.— Diagram  of  the  Structure  of  a Tubercle;  a Purely  Theoretic  Idea, 

Rarely  Demonstrated.  (Gould.) 

granular  and  fatty  changes  occur  in  the  cell  protoplasm,  the  cell  outlines 
become  indistinct  or  disappear,  and  the  nuclei  shrivel  and  disintegrate; 
the  nuclear  fragments  often  retain  affinity  for  basic  dyes  long  after  the 
structurally  perfect  cell  has  disappeared.  The  caseous  area  produced 
by  the  foregoing  changes  may  follow  the  peripheral  extension  of  the 
process  until  two  or  more  tubercles  join  by  confluence  into  the  formation 
of  a single  mass.  Caseation  may  be  accompanied  by  liquefaction,  coagu- 
lation, or  hyaline  necrosis;  eventually,  the  mass  is  converted  into  a yel- 
lowish nodule  of  structureless  detritus,  the  so-called  yellow  tubercle ; 
prior  to  the  stage  of  softening  the  mass  is  referred  to  as  a gray  tubercle ; 
where  a number  of  these  run  together,  the  collection  shows  a decided 
tendency  to  evacuate  itself  by  discharge  through  the  most  feasible  route, 
leaving  behind  a cavity  or  ulcer.  Not  in  all,  but  certainly  in  many  cases, 
dissolution  of  the  tubercle  is  facilitated  by  a superimposed  pyogenic 
infection.  The  tuberculous  ulcer  and  abscess  are  more  commonly,  par- 
ticularly in  the  respiratory  organs,  hastened  to  their  full  development  by 
the  added  pyogenic  invasion.  This  terminates  the  process  of  softening, 
and  is  an  unfavorable  ending  of  the  tuberculous  lesion. 
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Cured  and  Healed-in,  or  Quiescent  Tuberculosis. — Grancher1  found 
that  in  896  children,  141  manifested  unmistakable  evidence  of  healed-in 
ganglio-pulmonary  tuberculosis.  Mortuary  statistics  by  careful  ob- 
servers show  that  a thorough  postmortem  examination  reveals  evidences 
of  healed-in  or  cicatrized  tuberculous  lesions  in  from  eighty-five  to  ninety 
per  cent,  of  all  cadavers  examined.  In  most  cases  the  tuberculous 
nodule  is  of  the  caseous,  calcareocaseous,  or  fibrocaseous  type;  less  com- 
monly it  is  fibrous.  There  can  be  no  doubt  that  tuberculous  inflam- 
mation of  the  peritoneum,  pleura,  and  meninges  may  completely  recover, 
often  leaving  no  healed-in  or  latent  area  of  quiescent  infection.  When 
colonization  of  the  bacillus  is  widely  disseminated  in  an  organ  the  pro- 
cess is  rarely  arrested,  but  even  extensive  infiltration  is  sometimes  sup- 
pressed; with  Prof.  Hearn  and  Dr.  Thornton,  at  operation,  I saw  a case 
of  tuberculous  peritonitis  the  bacterial  nature  of  which  was  established 


Fig.  47. — Acute  Disseminated  Tuberculosis  of  the  Lung.  ( Schmaus .)  X40  diameters. 

a.  Tubercle  undergoing  caseation.  Just  below  the  letter  b are  two  tubercles;  the  one  on  the  left  contains 
three  giant-cells;  the  one  on  the  right  shows  beginning  caseation,  bi,  b\.  Tubercles,  c.  Nodule  con- 
taining at  least  four  tubercles;  two  show  beginning  caseation  and  two  contain  giant-cells,  d.  Alveolus. 
To  the  left  of  e is  a blood-vessel.  /.  Area  of  beginning  caseation.  Other  tubercles  are  also  shown. 

by  examination  of  excised  portions;  beneath  the  hepatic  capsule,  where- 
ever  the  liver  was  exposed,  innumerable  tubercles  were  present;  the 
patient,  however,  made  an  eventual  recovery.  Spengler2  reports  an 
instance  of  healed  miliary  tuberculosis  of  the  lungs.  These  organs 
contained  numerous  small,  dense  nodules  of  scar  tissue,  and  a few  necrotic 
foci,  but  neither  giant  cells  nor  bacilli.  The  common  impression  that 
tuberculosis  is  an  incurable  disease  has  long  been  shown  to  be  incorrect, 
and  it  is  now  generally  accepted  that  a very  large  percentage  of  the 
infected  fully  recover.  When  recovery  does  not  take  place,  there  is  not 
infrequently  more  or  less  successful  effort  at  local  limitation  of  the  in- 
fection. In  favorable  cases  this  is  brought  about  by  the  production  of 
a dense  wall,  through  which  any  fluid  that  results  from  the  degenerative 

1 Bull,  de  l’Acad.  de  Med.,  Paris,  lxviii,  No.  25. 

2 Zeit.  f.  Hyg.  u.  Infectkrank.,  1904,  xlvii,  p.  133. 
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changes  may  be  partly  absorbed,  leaving  behind  the  caseous  detritus, 
containing  not  uncommonly  tubercle  bacilli;  into  the  fibroid  capsule 
and  caseous  material  calcareous  infiltration  may  occur,  forming  a stone- 
like mass,  in  which  the  tuberculosis  virus  may  be  destroyed  or  indefinitely 
stored.  Sometimes  the  fibroid  change  ( fibrosis ) may  be  conspicuous 
and  the  calcareous  infiltration  but  slight;  in  other  instances  calcific  matter 
may  obscure  the  whole  mass.  The  tubercle  bacilli  contained  within 
such  nodules  may  retain  their  viability,  and  hence  their  pathogenicity, 
or,  in  the  course  of  time,  may  be  no  longer  demonstrable.  At  first  the 
organism  stains  with  its  characteristic  activity — a reaction  that  becomes 
less  and  less  manifest,  and  eventually  disappears,  so  that,  in  old  tubercles, 
under  suitable  conditions,  the  organism  may  be  destroyed,  or  at  least 
not  demonstrable,  and  the  degenerated  contents  of  the  mass  may  be  no 
longer  infective.  During  the  later  stages  in  the  development  of  this 
body  it  is  known  as  a quiescent  tubercle  or  tuberculous  area.  Such 
“healed-in”  tubercles  may  remain  inactive  or  may,  if  they  contain  viable 
bacilli,  manifest  recrudescence.  The  length  of  time  during  which  the 
bacilli  retain  their  pathogenic  activity  can  never  be  foretold;  therefore, 
a quiescent  tuberculous  area  must  always  constitute  a menace  to  health, 
as,  under  favorable  conditions,  the  bacilli  may  at  any  time  be  rapidly 
disseminated,  giving  rise  to  miliary  tuberculosis. 

Closely  related  to  the  healing-in  just  described,  but  clearly  distinct, 
are  the  hyalin  deposits  in  lymph-nodes  thought  by  Warthin1  to  be  healed 
tuberculosis.  The  stages  recognized  are  those  of  an  evolving  tubercle 
up  to  and  including  caseation  which  is  followed  by  encapsulation,  organ- 
ization, contraction,  condensation  and  hyalin  transformation.  Some- 
times giant  cells  persist  and  occasionally  lime  salts  are  demonstrable. 
This  form  of  suppressed  infection  is  most  frequent  in  the  mesenteric, 
cervical  and  bronchial  lymph-nodes,  rarely  in  the  tonsil  and  other  lym- 
phatic tissues.  It  is  not  maintained  that  all  hyalin  masses  so  situated 
are  of  tuberculous  origin;  other  causes  are  recognized. 

Allied  to  the  processes  just  described  but  different  in  nature  is  a form 
of  infection  constituting  what  has  been  termed  latent  tuberculosis.2  It 
is  manifested  by  the  presence  of  bacilli  usually  without  any  tissue  re- 
action, or  the  reaction  may  be  insignificant.  Macfadyen  and  MacConkey 
showed  that  in  children  mesenteric  lymph-nodes  might  contain  virulent 
bacilli  without  any  histologic  change.  Similar  observations  have  been 
made  concerning  the  tonsils  and  other  lymphoid  structures.  Bacilli 
are  present,  and  the  tissue  containing  them  is  capable  of  conveying  the 
infection  but  shows  no  reaction.  How  long  such  slumbering  infectivity 
may  remain  inactive  is  not  known.  It  is  not  certain  that  the  bacilli 
have  been  present  for  any  noteworthy  time  nor  how  long  they  would 
remain.  It  is  possible  that  they  are  birds  of  passage,  and  have  not  been 
present  long  enough  to  produce  toxins  and  consequently  lesions.  On 
the  other  hand  the  local  resistance  may  be  such  that  the  organisms  are 
held  in  subjugation,  a temporary  bondage  of  undetermined  nature. 

Other  Anatomic  Divisions  of  Tuberculosis. — When  the  infection  is 
, ■ restricted  to  a small  area,  it  is  called  localized  tuberculosis.  If  miliary 
tubercles  are  scattered  through  an  organ,  the  condition  is  one  of  miliary 


1 University  of  Michigan,  Contributions  from  Path.  Lab.,  vol.  iv,  1908-1909. 

2 Weichselbaum  and  Bartel,  Wein.  klin.  Woch.,  1905,  No.  10;  Rabinowitsch, 
Berliner  klin.  Woch.,  Jan.  14,  1907;  Jonske,  Virch.  Arch.,  Bd.  cxcviii,  1909. 
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tuberculosis  of  the  organ  involved;  for  example,  miliary  tuberculosis 
of  the  lung,  miliary  tuberculosis  of  the  liver,  etc.  If  the  bacilli  have 
been  widely  distributed  through  the  body,  many  organs  containing 
characteristic  tubercles,  the  condition  is  called  general  miliary  tuber- 
culosis. Chronic  caseous  tuberculosis  is  that  form  in  which  confluence 
of  tubercles  and  extensive  caseation  give  rise  to  cheesy  masses  which 
may  be  large  or  small.  When  such  caseous  areas  discharge  their  con- 
tents on  the  surface  or  into  one  of  the  body-passages  communicating 
with  the  exterior  and  permitting  escape  of  the  cheesy  material,  the  term 
chronic  ulcerative  tuberculosis  is  used.  The  last  is  the  form  frequently 
present  in  the  lung,  where  it  gives  rise  to  excavations  called  cavities.  In 
some  cases  the  evolution  of  the  disease  is  associated  with  the  production 
of  a large  amount  of  fibrous  tissue, — a condition  called  chronic  fibroid 
tuberculosis.  A less  frequent  type  of  tuberculous  infection,  involving 
particularly  the  intestine  in  the  neighborhood  of  the  ileocecal  valve, 
but  also  occurring  in  the  larynx  and  on  the  serous  membranes,  is  known 
as  chronic  hyperplastic  tuberculosis.1  In  this  form  a large  amount  of 
fibrous  tissue  is  produced  often  without  caseation  and  containing  but 
few  tubercle  bacilli.  The  enormous  increase  in  fibrous  tissue  is  shown 
by  the  fact  that  the  intestinal  wall  may  be  i cm.  or  even  2 cm.  in  thickness. 
Stenosis  of  the  larynx,  intestine,  or  other  tube  may  result  from  the  forma- 
tion of  such  masses.  Surgeons  have  found  that  this  type  of  tuberculosis 
yields  to  treatment  by  excision,  which  often  results  in  a cure.  Histo- 
logically the  tissue  is  composed  of  fibrous  and  fibrohyalin-elements 
containing  perivascular  accumulations  of  lymphoid  cells;  giant  cells 
are  frequently  absent  and  tubercle  bacilli  scanty  and  difficult  to 
demonstrate. 

The  name  tuberculoma  has  been  applied  to  more  or  less  perfectly 
circumscribed  masses  of  granulation  and  hyalin  fibrous  tissue  often 
possessing  a structure  closely  resembling  the  gumma  of  syphilis.  I be- 
lieve that  this  form  of  tuberculosis  is  nothing  more  than  a nodular  type 
of  the  hyperplastic  lesion.  The  histology  of  the  two  conditions  is  strik- 
ingly similar.  Tuberculomas  are  found  particularly  in  the  larynx, 
but  are  occasionally  encountered  beneath  the  nasal  mucosa  and  some- 
times in  the  viscera.  I have  seen  such  a nodule  in  the  heart,  although 
in  that  location  they  are  rare.  Some  writers  speak  of  chronic  caseous 
collections  as  tuberculomas;  the  term,  however,  should  be  restricted 
to  the  type  of  lesion  just  described. 

Secondary  Infection  in  Tuberculosis. — In  ordinary  forms  of  tuber- 
culosis the  symptoms  are  largely  due  to  pyogenic  infection  of  tubercu- 
lous areas;  this  is  especially  true  of  chronic  caseating  lesions  associated 
with  the  formation  of  cavities  or  ulcers.  The  character  of  the  infection 
has  been  especially  investigated  by  Sata,2  Ophuls, 3 Weismayr,4  Oes- 
tem,5  Petroff,6  and  Bruns;7  the  organisms  chiefly  found  have  been  the 
white  and  yellow  staphylococci  and,  in  the  lungs,  streptococci,  pneu- 

1 Nancrede  and  Butterfield,  Trans.  Amer.  Surg.  Assoc,  1906.  See  also  Tubercu- 
losis of  the  Intestine. 

2 Ziegler’s  Beitrage,  1899,  Supplement. 

3 Amer.  Jour.  Med.  Sci.,  1900. 

4 Zeit.  f.  Heilk.,  Bd.  xxii,  1901. 

5 Centralbl.  f.  Bakt.,  xxxvii,  review  of  literature  and  original  observations. 

0 Ann.  de  l’lnst.  Pasteur,  Aug.  25,  1904. 

7 Deut.  Zeit.  f.  Chir.,  1904,  Bd.  lxxv. 
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mococci,  influenza  bacilli,  tetracocci,  and  less  commonly  mold  fungi. 
By  the  introduction  of  additional  bacteria,  tissue  necrosis  is  rapidly 
extended  and  the  systemic  poisoning  produced  by  the  absorption  of 
microbic  poisons  proportionately  increased.  Under  suitable  conditions 
saprophytic  organisms  may  infiltrate  the  necrosing  tissues,  hastening 
liquefaction  and  adding  their  quota  of  absorbable  toxins. 

Extension  of  Tuberculosis. — Tuberculosis  develops  as  an  initial  lesion, 
inoculation,  or  point  of  primary  invasion,  from  which  local  or  general 
extension  may  occur.  The  necessity  of  a recognizable  initial  lesion  is 
not  always  to  be  insisted  upon,  for  when  a guinea-pig  is  fed  tubercle 
bacilli,  infection  of  the  lymph-nodes  of  the  mesentery  may  occur  with- 
out any  recognizable  focus  in  the  alimentary  canal.  Tuberculosis  of  the 
mesenteric  nodes,  as  seen  in  children,  is  similarly  explained,  particularly 
when  we  consider  the  frequency  with  which  milk  contains  tubercle  bacilli. 
The  local  tuberculous  lesion  seen  in  the  lymph-nodes  of  the  neck  must 
have  resulted  from  infection  through  the  oral  cavity,  possibly  the  tonsil, 
without  there  having  been  any  history  to  indicate  a past  or  associated 
initial  lesion  of  the  mucous  membranes  at  the  point  of  ingress.  The 
possibility,  however,  of  superficial  initial  lesions  has  already  been  pointed 
out.  (See  p.  123.)  Tubercle  bacilli  may  enter  the  body  without  the 
production  of  any  recognizable  superficial  lesion.  The  occurrence  of 
tuberculosis  of  the  body  of  a vertebra,  or  of  primary  tuberculosis  of  a 
joint,  without  other  evidence  of  the  disease,  indicates  such  a possibility. 
The  fact  that  a local  lesion  is  not  produced,  and  that  bacilli  may  appar- 
ently pass  into,  and  travel  by,  the  circulation,  eventually  inducing  tuber- 
culosis in  distant  parts,  indicates  that  the  induction  of  a primary  tuber- 
culous nidus,  depends  upon  factors  other  than  the  mere  presence  of 
tubercle  bacilli.  These  factors  are  probably  the  lessened  resistance  of 
certain  tissues,  or,  we  might  say,  greater  susceptibility,  and  the  occur- 
rence of  points  of  least  resistance.  The  latter  may  be  produced  by 
associated  lesions  or  by  injury.  The  fact  that  certain  tissues  possess  a 
higher  degree  of  susceptibility  to  tuberculosis  is  indicated  by  the  frequency 
with  which  the  disease  occurs  in  the  lungs,  bone,  and  lymph-nodes.  The 
presence  of  such  heightened  susceptibility  also  indicates  a relative  im- 
munity in  other  tissues:  for  example,  the  muscles,  in  which  typical  tuber- 
culous lesions  are  rare. 

From  the  initial  or  primary  lesion  propagation  may  occur  by  one  of 
the  following  routes: 

1.  By  the  Blood. — The  wide-spread  dissemination  of  tubercles  neces- 
sarily implies  that  the  organisms  have  been  transported  by  the  circulat- 
ing blood.1  The  initial  lesion  from  which  the  bacilli  are  poured  into 
the  circulation  may  be  a tuberculous  endangeitis  (endo phlebitis  or  en- 
darteritis tuberculosa ) due  to  the  production  of  a cheesy  nodule  in  the 
vessel  wall,  probably  through  infection  by  the  vasa  vasorum.  In  other 

1 See  recent  papers  by  Landsteiner  and  Mucha,  Centralbl.  f.  allg.  Path.  u.  path. 
Anat.,  Sept.  30,  1904;  Silbergleit,  Virch.  Arch.,  Feb.  1,  1905,  Bd.  clxxix,  p.  283;  and 
Forssner,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  1905,  Bd.  xvi,  No.  7;  Ribbcrt, 
Deut.  med.  Woch.,  Jan.  4,  1906.  Whipple,  Johns  Hopkins  Hosp.  Bull.,  Aug.,  1906; 
Longcope,  Proceed.  Phila.  Path.  Soc.,  1905,  vol.  v,  p.  131;  Landouzy,  Sixth  Inter- 
nal Congress  on  Tuberculosis,  vol.  i,  Part  II,  1908;  Schroeder  and  Cotton,  Bull. 
116,  Bureau  of  Animal  Industry,  1909.  Krumbhaar,  Bull.  Ayer  Clin.  Lab.  of  Penn- 
sylvania Hosp.,  Dec.,  1908,  No.  5,  p.  66;  Rosenberger,  New  York  Med.  Jour., 
June  19,  1909;  Liebermeister,  Virch.  Arch.,  Bd.  ii  and  iii,  Aug.  and  Sept.,  1909; 
Lippmann,  Munch,  med.  Woch.,  No.  43,  Oct.  26,  1909,  p.  2214. 
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cases  the  bacilli  may  be  implanted  directly  on  the  intima,  or,  less  com- 
monly, on  the  endocardium  including  the  valve  leaflets.  Growing  in  such 
locations,  hematogenous  dissemination  is  to  be  expected.  The  initial 
lesion  may  be  in  the  thoracic  duct,  which  can  be  infected  by  bacilli  travers- 
ing its  lumen  or  from  mesenteric,  retroperitoneal,  or  mediastinal  lymph- 
nodes,  either  by  drainage  from  these  structures  or  by  erosion  of  a caseous 
node  through  the  duct.  A caseous  lymph-node  in  the  lung  or  elsewhere 
or  a primary  focus  in  bone  may  discharge  its  contents  into  a vein,  or, 
less  commonly,  an  artery.  In  a study  of  123  cases  of  acute  miliary 
tuberculosis  Schmorl  found  that  the  largest  percentage  arose  from  erosion 
of  vessels  by  contiguous  caseous  lymph-nodes;  in  5 cases  he  observed 
tuberculous  nodules  in  atheromatous  ulcers.  Tubercle  bacilli  may  be 
present  in  the  circulation  in  sufficient  numbers  to  be  demonstrated  in 
drawn  blood,  constituting  a true  tuberculous  bacillemia  or  septicemia. 

Dissemination  of  tubercle  bacilli  by  means  of  the  blood  and  consequent 
wide-spread  distribution  of  the  germ,  is  frequently  followed  by  an  erup- 
tion of  numerous  tubercles  in  various  organs.  Such  a condition  is  called 
general  miliary  tuberculosis  and  is  associated  with  more  or  less  marked 
febrile  and  other  toxic  phenomena.  In  such  cases  not  only  do  the  viscera 
suffer,  but  infection  of  one  or  more  serous  membranes,  especially  the 
meninges,  is  not  infrequently  present.  The  tubercles  rarely  attain  a 
large  size,  as  the  patient  usually  dies  before  sufficient  time  has  elapsed. 
In  other  instances  the  amount  of  infectious  material  disseminated  was 
evidently  small,  giving  rise  only  to  a few  tubercles  scattered  here  and 
there  through  the  viscera.  Under  such  circumstances  the  patient  may 
survive  long  enough  for  the  tubercles  to  attain  considerable  size,  and 
even  to  caseate.  Whenever  there  is  a general  miliary  tuberculosis  such 
as  just  indicated,  there  is  reason  to  believe  that  a primary  caseous  nodule 
has  communicated  in  some  way  with  the  general  circulation.  Often  a 
most  careful  postmortem  fails  to  disclose  the  primary  lesion.  The  author 
recalls  a case  of  general  miliary  tuberculosis  involving  nearly  all  the  vis- 
cera, in  which  a most  thorough  search  was  about  to  be  abandoned  when 
the  primary  nodule  was  discovered  in  the  anterior  part  of  the  body  of  a 
dorsal  vertebra.  Subsequent  inquiry  elicited  the  fact  that  the  patient 
had,  a few  weeks  before  admission  to  the  hospital,  encountered  a severe 
fall,  which  strained  his  back,  and  to  which  he  attributed  his  illness. 
The  slight  inflammatory  changes  that  surrounded  the  nodule  indicated 
that  probably  the  injury  had  caused  the  caseous  area  to  break  into  the 
surrounding  cancellous  bone  and  favored  the  dissemination  of  the  con- 
tained infectious  matter.  The  possibility  of  disseminating  tubercle 
through  the  blood-stream  as  the  result  of  incomplete  operative  procedure 
has  been  pointed  out  by  many  surgeons.  The  breaking  up  of  a tuber- 
culous area,  without  at  the  same  time  completely  eradicating  infection, 
may  be  followed  by  general  dissemination  of  the  poison,  miliary  tuber- 
culosis, and  death. 

The  studies  of  Landouzy,  Liebermeister,  Lippmann,  Rosenberger, 
and  others  have  shown  that  a tuberculous  bacillemia  sometimes  not 
terminating  in  miliary  tuberculosis  is  possible.  Why  colonization,  con- 
sequently disseminated  or  metastatic  tubercles,  does  not  result  in  every 
case  is  not  at  first  apparent.  It  is  not  certain  that  the  bacilli  contained 
in  the  blood  are  infective  or  in  adequate  numbers  and  furthermore  the 
patient’s  resistance  may  be  higher  than  when  the  initial  infection  occurred. 
It  is  evident  that  the  organisms  must  be  deposited  and  in  the  absence 
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of  clumping,  massing,  or  accompanying  grosser  bodies  (emboli)  the 
bacilli  are  not  detained  at  any  point  long  enough  to  concentrate  their 
toxins  and  induce  a reaction.  This  or  a better  explanation  is  neces- 
sary to  account  for  the  presence  of  tubercle  bacilli  in  the  urine  without 
detectable  lesions  of  the  kidney,  or  in  the  bile  without  tuberculosis  of 
the  liver,  or  in  the  stools  without  introduction  through  swallowing  and 
unaccompanied  by  lesions  of  the  intestine. 

The  typho-bacillosis  of  Landouzy  is  a bacillemia,  or  bacillary  septi- 
cemia, the  symptomatology  of  which  may  resemble  typhoid  even  to 
the  continuous  fever  and  splenic  enlargement.  The  organs  may  be 
without  tubercles,  manifesting  congestion  and  the  usual  phenomena 
of  infection  without  localization  of  the  infecting  germ;  the  lesions  resemble 
those  of  intense  toxemias  rather  than  tuberculosis. 

Inflammatory  tuberculosis1  is  characterized  by  the  usual  phenomena 
of  inflammation  without  tubercles;  bacilli  are  present  often  in  large 
numbers.  The  process  attacks  joints,  bones,  muscles,  lymph-nodes, 
mammae,  serosae,  and  alimentary  canal.  In  chronic  cases  the  lesion  is  a 
progressive  fibrosis  or  sclerosis. 

2.  Another  means  of  extension  is  by  the  lymph-stream.  This  is  mani- 
fested in  the  tuberculous  lymph-nodes  of  the  neck  in  children,  which 

result  from  infection  through  the  tonsils  and  through  diseases  of  the 

teeth,  gums,  and  oral  mucosa;  the  same  type  of  dissemination  is  shown 
by  the  occurrence  of  tuberculous  processes  in  the  structures  along  the 
course  of  the  lymph-stream,  in  tuberculous  ulceration  of  the  intestine. 
Infection  from  the  thoracic  duct,  referred  to  above,  might  with  propriety 
be  included  with  this  group. 

3.  In  addition  to  the  lymph  and  blood,  the  bacilli  may  follow  the 

course  of  other  fluids.  Thus,  tuberculosis  of  the  alimentary  canal  may 
be  secondary  to  tuberculosis  of  the  respiratory  passages,  and  may  be  due 
to  swallowing  bacilli-laden  sputum.  Calmette  and  Guerin,2  Allen  J. 
Smith3  and  others  have  shown  that  tubercle  bacilli  are  discharged  in  the 
bile;  consequently  intestinal  infection  is  possible  from  another  source 

than  swallowed  bacilli.  Tuberculosis  of  the  bladder  or  tuberculous 

abscess  of  the  perineum  may  be  secondary  to  tuberculosis  of  the  kidney. 
Tuberculosis  of  the  testicle  is  frequently  followed  by  tuberculosis  of  the 
vas  deferens,  seminal  vesicles  and  prostate.  If  the  vas  be  occluded  or 
destroyed  the  other  structures  may  escape. 

4.  Locally,  tuberculosis  spreads  by  continuity  or  contiguity  of  tissue; 
this  may  occur  even  against  the  ordinary  course  of  fluid  currents,  as  in 
tuberculosis  of  the  ureter,  which  may  be  secondary  to  tuberculosis  of 
the  bladder;  tuberculosis  of  the  prostate  may  be  secondary  to  tuber- 
culous processes  in  the  rectum  or  in  other  contiguous  structures;  tuber- 
culosis of  the  intracranial  tissues  may  be  due  to  extension  of  tuberculosis 
from  the  middle  or  internal  ear,  mastoid  cells,  or  frontal  sinuses. 

Site  of  Tuberculosis. — One  of  the  most  common  points  of  infection  is 
the  lung;  following  this  in  frequency,  tuberculous  affections  of  the  joints, 
bones,  and  lymph-nodes  are  next  in  order;  these  are  followed  by  tubercu- 
losis of  the  mucous  membranes  other  than  the  lungs,  tuberculosis  of  the 
serous  membranes,  tuberculosis  of  the  skin,  tuberculosis  of  the  spleen, 


1 Poncet  and  Leriche,  Rev.  de  Chir.,  Jan.,  1908. 

2 Compt.  Rendu  Acad.  Sci.,  March  8,  1909. 

3 Proc.  Path.  Soc.  of  Phila.,  Dec.,  1909. 
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tuberculosis  of  the  liver,  tuberculosis  of  the  brain,  tuberculosis  of  the 
generative  organs,  and  tuberculosis  of  the  heart  and  voluntary  muscles, 
in  about  the  order  given. 

Tuberculosis  .of  the  organs  is  further  considered  in  Part  II.  The 
only  form  of  local  tuberculosis  that  will  be  described  at  this  point  is 
lupus. 

Tuberculosis  of  the  Skin  (Lupus).1 — This  condition  usually  begins 
as  a lymphoid  infiltration  following  the  course  of  the  vascular  loops 
in  the  corium.  The  process  slowly  extends  by  the  development  of 
outlying  tubercles  that  coalesce  with  the  older  nodules.  The  fully 
formed  tubercle  in  lupus  may  be,  and  indeed  usually  is,  structurally 
identical  with  tubercles  seen  elsewhere.  Sometimes  the  miliary  tubercle 
in  the  skin  is  quite  atypical,  and  in  the  absence  of  the  bacilli  a satisfactory 
diagnosis  cannot  be  made.  In  the  ulcerative  form  of  lupus  (lupus 
exedens)  the  coalescence  of  tubercles  in  the  corium,  and  even  for  some 
distance  in  the  subcutaneous  tissue,  associated  with  the  obliterative 
changes  in  the  capillaries  followed  by  caseation,  leads  to  necrosis  of  the 
overlying  derma  and  the  formation  of  an  ulcer.  Occasionally,  superficial 
necrosis  does  not  occur,  hence  ulceration  is  absent.  In  such  cases  the 
infiltration  commonly  shows  more  fibrous  tissue  than  in  the  ulcerative 
form  of  the  lesion;  the  skin  is  slightly  raised,  and  is  usually  somewhat 
more  adherent  than  normal;  occasionally,  outlines  of  caseous  masses 
can  be  detected  beneath,  even  when  superficial  necrosis  does  not  follow. 
This  form  of  cutaneous  tuberculosis  is  known  as  lupus  nonexedens.  It 
is  probable  that  cutaneous  tuberculosis  results  from  local  inoculation; 
the  author  has  seen  one  well-marked  and  protracted  case  of  lupus  that 
followed  vaccination,  and  two  cases  of  extensive  cutaneous  tuberculosis 
in  which  the  lesions  followed  the  application  of  the  actual  cautery,  the 
ulcerative  process  having  been  purposely  prolonged  for  its  so-called 
alterative  action.  Lupus  is  a particularly  chronic  and  intractable  disease, 
and  may  be  associated  with,  or  followed  by,  more  general  tuberculous 
dissemination. 

Pseudotuberculosis2  includes  a number  of,  probably  many,  infectious 
processes,  usually  subacute  or  chronic,  characterized  by  the  production  of 
tubercles  which  macroscopically  and  microscopically  may  be  almost,  if 
not  quite,  indistinguishable  from  similar  structures  resulting  from  infec- 
tion by  the  tubercle  bacillus.  A large  number  of  organisms  entering 
the  tissue  in  man  and  certain  lower  animals  are  endowed  with  this  prop- 
erty. Not  only  do  such  germs  produce  tubercles,  but  often  the  morphol- 
ogy and  stain  reaction  of  the  microbe  so  closely  resemble  the  tubercle 
bacillus  that  differentiation  becomes  extremely  difficult.  Certain  animal 
parasites  (worms  and  ova)  may  produce  pulmonary  lesions  not  unlike 
those  of  tuberculosis.  Of  the  vegetable  parasites  endowed  with  this 
quality  special  mention  should  be  made  of  the  organisms  isolated  from 


1 Moutot,  These  de  Lyon,  1906-07;  Ravogli,  Jour.  Cutaneous  Dis.,  March,  1909; 
Lewandowsky,  Arch.  f.  Dermat.  u.  Syph.,  xcviii,  H.  2 and  3,  1909;  Tileston, 
Arch.  Intern.  Med.,  July,  1909. 

2 See  works  referred  to  in  foot-note,  p.  41.  The  earlier  literature  will  be  found 
in  Muir’s  article,  Jour.  Path,  and  Bact.,  May,  1898,  and  Flexner,  Jour.  Exper.  Med., 
vol.  iii,  1898.  More  recent  papers  may  be  traced  from  the  articles  by  Sanfelice, 
Centralbl.  f.  Bakt.,  Bd.  xxxviii,  Jan.  25,  1905,  p.  30;  Citron,  Zeit  f.  Hyg.  u.  Infekt- 
krank.,  1905,  Bd.  xlix;  Vincenzi,  Gazette  degli  Osped.  e delle  Clin.,  1904;  Koehler 
and  Hall,  Jour.  Cutaneous  Dis.,  Dec.,  1904;  Alessandri,  II  Policlin.,  Aug.,  1908. 
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butter  and  milk  by  Rabinowitsch,  Horn,  Moller,  and  others,  and  the 
organisms  found  in  grass  by  Holier,  in  sewage  by  Houston,  in  earth  by 
Karlinski,  and  in  manure  by  Moller,  and  others.  A number  of  these 
organisms  injected  into  the  lower  animals  give  rise  to  nodules  possessing 
the  histology  of  similar  structures  produced  by  the  tubercle  bacillus.  The 
lesions  resulting  from  infection  by  some  of  the  saccharomyces  may  also 
resemble  tuberculosis.  Exactly  how  common  these  processes  are  in  man 
is  not  known,  but  it  is  highly  probable  that  many  cases  of  atypical  or 
irregular  tuberculosis,  if  carefully  studied,  would  be  found  to  be  instances 
of  pseudotuberculosis  and  could  probably  be  traced  to  a yeast,  mould,  or 
bacterium  other  than  the  tubercle  bacillus. 

Leprosy1  is  an  extremely  refractory,  chronic  infection,  feebly  com- 
municable, and  due  to  the  Bacillus  leprae  (Hansen).  The  organism  is 
nonmotile,  measures  4 it  to  6 a in  length  and  0.6  a in  thickness.  In  tinc- 


Fig.  48.— Bacillus  Leprae. 

Culture  of  Bacillus  leprae  with  Entamoeba  coli.  ( From  photomicrograph,  through  the  courtesy  of 

Prof.  Duval.) 

torial  reaction  and  morphology  it  resembles  the  tubercle  bacillus  and  may 
be  stained  by  the  same  methods,  but  is  slightly  less  resistant  to  decoloriza- 
tion;  it  is  Gram-positive.  In  tissues  and  in  cultures  the  bacilli  often  pre- 
sent a beaded  appearance.  There  is  much  variation  in  morphology; 
long  slim,  and  short  coccoid  forms  are  occasionally  encountered.  Musgrave 
and  Clegg  obtained  cultures  on  a medium  composed  of  agar  20  grams; 
sodium  chlorid  3 grams;  extract  of  beef  3 grams;  and  water  1,000  c.c„ 
made  one  per  cent,  alkalin  to  phenolphthalein,  and  sterilized.  The  medium 
is  poured  in  sterile  Petri  dishes  and  allowed  to  harden.  By  transplanta- 

1 Marchoux  and  Bourret,  Ann.  de  1 ’Inst.  Pasteur,  t.  xxiii,  July,  1909,  p.  5x5; 
MacLeod,  Lancet,  Aug.  21,  1909,  p.  515;  Clegg,  The  Philippine  Jour,  of  Sci., 
Dec.,  1909,  p.403;  Duval,  Jour.  Exper.  Med.,  March  1,  1911;  Zcdrowski,  Zeitschr. 
f.  Hyg.  u.  Infektionskr.,  1910,  lxvi,  1;  Gurd,  Jour.  Infect.  Dis.,  Jan.,  1911,  p.  39; 
Brinckerhoff  and  Moore,  Studies  Upon  Leprosy,  Public  Health  andMarine-  Hospital 
Service,  Washington,  1909. 
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tion  on  successive  plates  amebas  are  obtained  in  pure  culture  with  cholera 
vibrio  and  inoculated  on  sterile  agar  without  beef  extract.  After  twenty- 
four  hours’  growth  material  containing  leprosy  bacilli  is  added.  At  the 
end  of  one  week  at  370  C.  the  acid-fast  bacilli  are  found  to  have  multiplied; 
they  are  then  reinoculated  on  fresh  media  once  a week  for  six  weeks  to 
three  months  when  the  cultures  are  heated  to  6o°  C.  for  thirty  minutes, 
thereby  killing  the  cholera  vibrios  and  amebas  and  leaving  the  bacillus 
leprae  in  pure  culture.  The  resulting  colonies  on  agar  are  raised  with 
smooth  edges,  about  1 mm.  in  diameter,  and  under  low  magnification  show 
a brownish  pigment.  The  observations  of  Clegg  have  been  fully  verified 
by  Duval  who  has  greatly  extended  previous  observations  by  demon- 
strating that  amebas  are  not  necessary  and  that  the  Bacillus  lepras  may  be 
grown  in  the  presence  of  typhoid,  dysentery,  and  cholera  organisms  able 


Fig.  49. — Bacillus  Lepr^:. 
Section  of  leprous  nodule  in  skin. 


to  split  up  nucleo-proteids,  resulting  in  the  formation  of  products  of  tryp- 
tic digestion  among  which  is  tryptophane.  Duval  finds  the  optimum 
temperature  320  C.  to  350  C. 

Demonstration. — The  bacillus  of  leprosy  can  be  colored  by  the  same 
methods  used  for  demonstrating  the  tubercle  bacillus  and  also  by  ordi- 
nary aqueous  solutions  of  anilin  dyes.  Cultures  may  be  obtained  by  the 
method  given  above.  For  demonstrating  the  presence  of  the  bacillus  in 
tissues  small  fragments  are  macerated  in  a glass  mortar  with  a few  drops  of 
normal  salt  solution  and  the  resulting  tissue  emulsion  spread  on  cover- 
glasses,  dried,  fixed,  and  stained  as  directed  for  tubercle  bacilli.  When 
excised  tissues  cannot  be  obtained  the  leprous  nodule  may  be  squeezed 
between  the  blades  of  a forceps,  punctured  with  a large  needle  or  a small 
knife,  and  the  expressed  juice  spread  on  covers  and  stained.  The  bacilli 
are  often  found  in  clumps  or  irregular  masses  (globi),  or  within  the  so- 
called  lepra  cells,  especially  in  properly  fixed  and  stained  sections  prepared 
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from  excised  tissues.  Beaded  and  granular  forms  are  usually  present. 
The  organisms  are  rarely  found  in  the  circulating  blood,  although  post- 
mortem they  may  be  demonstrated  in  the  organs. 

Pathogenesis. — Leprosy  as  a disease  is  restricted  to  man.  By  in- 
oculation, Nicolle  succeeded  in  producing  a typical  leprous  nodule  in 
the  Macacus  simensis ; since  the  successful  cultivation  of  the  bacillus  the 
disease  has  been  produced  in  a number  of  animals.  The  tissues  removed 
from  two  inoculated  animals  contained  bacilli  identical  with  those  found 
in  the  original  lesion,  and  the  structure  of  the  nodule  produced  was 
essentially  similar  to  that  of  the  nodules  found  in  man.  With  regard  to 
the  propagation  of  the  disease  we  are  indifferently  enlightened.  It  is 
feebly  contagious  and  in  susceptible  individuals  easily  inoculated. 
Jonathan  Hutchinson’s  belief  in  a fish  diet  as  a predisposing  factor 
— if  not  actually  the  cause — has  not  been  received  with  general  ap- 
probation. Concerning  the  atrium  through  which  infection  occurs 
little  is  known;  wounds  and  abrasions  are  among  the  possibilities. 
Sticker  believed  the  nasal  septum  to  be  the  site  of  the  initial  lesion,  and  it 
is  well  known  that  this  structure  is  frequently  attacked.  The  studies  of 
Brinckerhoff  and  Moore  do  not  confirm  this  view,  although  they  show  that 
examination  of  the  nasal  septum  may  be  of  value  in  the  diagnosis  of  leprosy. 
The  period  of  incubation  is  in  some  cases  longer  than  that  of  any  other  accu- 
rately known  disease.  Cases  of  leprosy  have  been  reported  in  which  the 
first  symptoms  appeared  two  or  three  decades  after  exposure  to  infection. 
Leprosy  occurs  in  two  chief  clinical  forms,  although  both  of  these  may 
be  present  in  a single  case. 

Anesthetic,  smooth,  or  trophoneurotic  leprosy  involves  the  nerves, 
skin,  bones,  and  viscera.  The  nerves  most  commonly  affected  are  the 
ulnar,  median,  radial,  musculospiral,  intercostohumeral,  external  cutane- 
ous, posterior  tibial,  and  peroneal.  The  nerve  affected  is  red,  swollen, 
and  rounded  in  shape ; later  it  becomes  harder,  pale  and  grayish  in  color, 
with  nodular  or  fusiform  enlargements.  Microscopically,  the  neurilemma 
may  or  may  not  be  changed ; in  most  cases,  however,  it  becomes  thickened, 
fibrous,  and  infiltrated  with  granule  cells  (lepra  cells  and  lymphoid  cells). 
Cicatrization  and  contraction  may  arrest  function  and  eventually  destroy 
the  diseased  nerve.  The  nerve  lesion  of  leprosy  begins  as  a perineuritis; 
the  later  degenerative  changes  are  apparently  due  to  the  pressure  upon 
the  nerve  and  to  interference  with  nutrition.  Occasionally,  the  central 
nervous  system  shows  some  edema,  and  there  may  be  an  excess  of  fluid  in 
the  ventricles  and  in  the  subarachnoid  space.  The  larger  nerve-trunks 
are  likely  to  show  some  fibroid  hyperplasia,  with  slight  atrophy;  the 
cutaneous  nerves  are  degenerated,  hence  the  skin  is  anesthetic;  the  hair- 
bulbs,  the  sweat-glands,  and  the  sebaceous  glands  are  atrophied  and 
fibroid.  The  eruptions  of  leprosy  assume  a number  of  forms.  They  are 
sometimes  erythematous;  frequently  attended  by  pigmentation,  and  at 
other  times  by  reduction  in  the  normal  pigment.  In  purely  anesthetic 
leprosy  the  maculae  are  never  elevated  until  late  in  the  disease.  As  the 
result  of  the  trophoneurotic  disturbance,  muscular  contractures  occur; 
these  may  be  followed  by,  or  associated  with,  a varying  quantity  of  muscle 
atrophy.  The  fact  that  the  patient  feels  no  pain  as  a result  of  injury 
of  the  affected  part  tends  to  increase  the  danger  from  this  source.  I 
have  seen  a case  of  leprosy  in  which  the  patient,  a pipe-smoker,  had 
burned  off  the  ends  of  his  fingers  by  pressing  the  tobacco  down  into  his 
pipe.  Necrosis  and  caries  of  the  long  bones  have  been  observed. 
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Fig.  so. — Nodular  Leprosy. 
Courtesy  of  Dr.  Furbush. 


Fig.  si. — Anesthetic  Leprosy. 
Courtesy  of  Dr.  Furbush. 
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Tubercular  or  Nodular  Leprosy. — With  infection  of  the  skin  or  mucous 
membranes,  preceded  by  the  so-called  prodromal  eruptions,  typical 
leprous  tubercles  are  developed;  “they  may  be  flat  or  prominent,  oblong 
or  round,  isolated  or  confluent,  and  in  color  varying  from  pale  violet 
to  dark  brown;  ....  they  are  generally  soft,  but  may  be  hard’’ 
(Danielssen  and  Boeck).  These  tubercles  occur  anywhere  on  the  body, 
with  the  exception  of  the  scalp;  they  are  also  rare  in 
the  palms  of  the  hands  and  on  the  soles  of  the  feet. 

Microscopically,  each  tubercle  is  made  up  of  granuloma- 
tous tissue,  composed  of  lymphoid  and  epithelioid  cells 
retained  in  a loose  connective-tissue  matrix;  in  these 
masses  the  bacilli  abound,  both  between  and  in  the  cells. 

Liquefaction  necrosis  occurs,  followed  by  infection  with 
pyogenic  organisms,  terminating  in  ulceration;  such  ulcers 
often  heal  rapidly;  others,  by  extension,  may  give  rise  to 
large  sloughing  areas.  Sugai  and  also  Gurd  have  shown 
that  softening,  necrosis,  and  pus  formation  in  the  nodules  may  occur  with- 
out mixed  infection.  The  abundance  of  polymorphonuclear  leukocytes  in 
such  areas  seem  to  indicate  that  the  Bacillus  leprse  is  pyogenic,  although 
not  constantly  manifesting  this  tendency.  Nodules  occur  also  on  the 
mucous  membranes,  particularly  those  of  the  nose  and  larynx.  The 
bacilli  may  invade  the  viscera — lung,  liver,  spleen,  and  kidneys — in  which 
they  occasionally  give  rise  to  leprous  nodules. 

Mixed  forms  of  leprosy  are  not  uncommonly  seen,  both  the  anesthetic 
and  the  tubercular  types  being  present.  In  other  cases  an  attack  of  the 
anesthetic  form  terminates  in  the  tubercular,  or  a patient  having  the 
tubercular  type  develops  evidences  of  extensive  anesthesia.  It  is  held  by 
many  Observers  that  the  so-called  mixed  form  is  not  truly  a variety  of 
leprosy,  but  is  the  ideal,  complete,  fully  developed  disease,  and  that  the 
anesthetic  and  nodular  types  are  incompletely  evolved  forms.  Lepra 
mutilans  and  the  so-called  gangrenous  leprosy  are  inappropriate  names 
intended  to  describe  the  conditions  rather  than  the  disease.  Leprosy 
may  be  complicated  by  the  occurrence  of  other  processes;  tuberculosis 
is  frequent,  and  inflammations  of  the  kidney,  septicemia,  pyemia,  ex- 
tensive intestinal  ulceration,  amyloid  disease,  etc.,  are  frequent  associated 
lesions. 

Rhinoscleroma1  is  an  affection  characterized  by  thickening  and 
induration  of  the  nasal  submucosa,  but  occasionally  involving  the  pharynx 
or  larynx.  The  tumefaction  usually  begins  in  the  nose;  the  affected  areas 
are  at  first  red  or  pink  and  very  tender,  later  they  become  white.  In  these 
masses  of  granulation  tissue  numerous  large  round  or  oval  cells  (Mikulicz 
cell)  containing  many  bacilli  are  constantly  present,  and  the  same  organ- 
isms are  found  free  in  the  lymph-spaces  of  the  tissue.  The  rod-sliaped, 
encapsulated  germ  (Bacillus  rhinoscleromatis)  closely  resembles  the 
bacillus  of  Friedlander,  some  believing  that  the  two  organisms  are  identical. 
It  is  stated  that  cultures  of  the  bacillus  of  rhinoscleroma  are  a little  more 
transparent,  the  nail-head  surface  growth  slightly  more  gray,  and  the 
capsules  persist  longer  in  cultures  on  solid  media.  Goldzieher  and  Neuber 
have  shown  by  biologic  tests  that  the  organisms  are  distinct.  The  bacillus 
of  rhinoscleroma  is  Gram-negative. 

1 Giintzer,  Med.  Record,  July  24,  1909;  Goldzieher  and  Neuber,  Centralbl.  f. 
Bakt.,  Bd.  li,  H.  2,  p.  121;  Blumenfeld,  Zeitschr.  f.  Larvngol.,  Rhinol.  u.  i.  Grenz- 
geb.,  1909,  Bd.  i,  H.  4. 


Fig.  52.- — Bacil- 
lus of  Rhino- 
scleroma. X 
1400  diameters. 
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Glanders1  is  an  infectious  disease  duje  to  the  Bacillus  mallei,  a rod- 
shaped, nonmotile,  aerobic  organism  measuring  2 //  to  5 n in  length  and 
0.5  n to  1 p.  in  breadth;  ovoidal,  pyriform,  and  swollen  elements  are  found 
in  most  cultures,  and  sometimes  long  filaments  are  formed.  Flagella  are 
absent.  Marx  has  described  branching  types,  resembling  the  cladothrix 
or  streptothrix.  Some  of  the  bacilli  contain  stained  and  unstained  areas. 
The  optimum  temperature  is  370  C.,  the  minimum  250  C.,  maximum  420 
C.,  and  the  thermal  death-point  between  550  C.  and  6o°  C.  It  is  not 
probable  that  the  Bacillus  mallei  forms  spores,  although  upon  this  point 
there  is  some  doubt. 

The  glanders  bacillus  grows  well  on  all  the  ordinary  media,  but  glyc- 
erin-agar is  especially  adapted  to  the  organism.  The  surface  growth 
consists  of  a pale,  white,  moist,  transparent,  and  slimy  film,  following 
the  track  of  the  inoculating  needle;  transverse  striations  are  sometimes 
present.  In  bouillon,  it  produces  turbidity  followed  by  sedimentation. 
Potato* cultures  at  370  C.  are  most  characteristic;  by  the  second  day  the 
bacillus  gives  rise  to  a thin,  slightly  yellowish,  transparent  layer,  whicl\ 


Fig.  S3. — Bacillus  mallei,  Pure  Culture. 


in  the  course  of  a week  takes  a reddish-brown  (chocolate  or  “ cafe-aii-lait”) 
color  with  yellow  or  greenish-yellow  tinging  of  the  medium  at  the  margin 
of  the  growth.  The  poisons  produced  by  the  Bacillus  mallei  are  of  the 
endotoxin  class  and  are  remarkable  for  their  resistance  to  deleterious 
influences;  they  are  not  destroyed  by  120°  C.,  nor  do  they  deteriorate 
until  after  prolonged  storage. 

Demonstration. — The  Bacillus  mallei  requires  prolonged  staining 
with  the  usual  anilin  dyes,  is  easily  decolorized,  and  Gram-negative. 
For  diagnostic  purposes  the  method  of  Strauss  is  commonly  employed. 
A small  fragment  of  infected  tissue  or  a minute  quantity  of  the  culture 
thoroughly  macerated  in  sterile  water  is  injected  into  the  peritoneal 
cavity  of  a male  guinea-pig.  Frothingham  recommends  that  an  ordinary 

1 Robins,  Studies  from  the  Royal  Victoria  Hospital,  Montreal,  vol.  ii,  No.  1 ; 
Moore  and  Taylor,  Jour.  Infect.  Dis.,  1907,  Suppl.  No.  3,  p.  85;  Cantacuzene  and 
Riegler,  Ann.  de  l’Inst.  Pasteur,  March,  1907;  Duval,  Jour.  Exper.  Med.,  May, 
1907,  p.  241;  Duval  and  White,  Jour.  Exper.  Med.,  July,  1907;  Hunting,  Glanders, 
London,  1908;  Collins,  Jour.  Infect.  Dis.,  vol.  v,  No.  5,  1908,  p.  401;  Bernstein 
and  Carling,  Brit.  Med.  Jour.,  Feb.  6,  1909;  Arms,  Jour.  Amer.  Med.  Assoc.,  Aug. 
13,  1910,  p.  591. 
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swab,  such  as  is  used  for  diphtheria  diagnosis  (see  page  89),  be  rubbed 
over  the  infected  area  and  expressed  in  3 c.c.  of  sterile  water  which  is 
used  for  the  injection.  As  the  animal  may  die  from  associated  pyogenic 
infection,  more  than  one  guinea-pig,  preferably  a number,  should  be 
injected.  Within  twenty-four  to  forty-eight  hours  foci  of  suppuration 
attack  the  peritoneal  lining  of  the  scrotal  sac,  forming  adhesions  to  the 
testicle,  which,  later,  also  becomes  involved.  Usually  both  sides  are 
affected,  but  to  different  degrees.  Abscesses  may  develop  along  the 
needle  track,  and  later  inflammation  of  the  nasal  mucosa,  joint  swelling, 
and  characteristic  nodules  may  be  found  in  the  viscera.  Gutowski 
recommends  a modification  of  Mari’s  method,  which  consists  in  inocu- 
lating kittens  which  are  killed  at  the  expiration  of  forty-eight  hours  and 
cultures  made  upon  agar  from  the  spleen  and  blood. 

Mallein  is  prepared  in  the  same  manner  as  “old  tuberculin’’  (see 
page  120)  and  for  diagnostic  purposes  is  used  in  the  same  manner.  The 
maximum  temperature  rise  is  determined  in  from  eight  to  eighteen  hours, 
and  should,  for  a positive  diagnosis,  exceed  1.50  C.  A positive  reaction 
is  also  manifested  by  more  or  less  prostration  and  marked  local  swelling 
(12  cm.  to  15  cm.  in  diameter),  which  does  not  subside  for  a week  or 
more.  Heanley  does  not  think  that  confidence  should  be  placed  in  the 
agglutination  test,  although  animals  may  yield  sera  containing  agglu- 
tinins for  the  bacillus.  The  more  recent  studies  of  Collins,  and  of  Moore 
and  Taylor,  indicate  that  the  agglutination  reaction  may  be  of  great 
value  in  diagnosis.  The  dilution  should  be  high,  reactions  in  concen- 
trations greater  than  1 in  500  being  untrustworthy;  in  animals  and  prob- 
ably in  man,  the  dilution  should  be  1 to  1,000  or  higher. 

Pathogenesis. — The  Bacillus  mallei  is  pathogenic  for  horses,  asses, 
mules,  sheep,  goats,  dogs,  cats,  lions,  tigers,  field-mice,  and  ground 
squirrels;  cattle,  white  mice,  rats,  and  birds  are  immune.  The  rabbit 
is  susceptible  but  refractory. 

Glanders  in  man  occurs  in  two  forms:  Localized,  circumscribed, 

or  chronic  glanders,  or  farcy;  general,  disseminated,  acute,  or  septicemic 
glanders. 

Localized  Glanders. — Infection  by  the  Bacillus  mallei,  involving 
the  skin  and  adjacent  lymph-glands,  is  called  farcy;  when  the  mucous 
membranes  are  affected,  the  condition  is  spoken  of  as  glanders.  At 
one  time  it  was  customary  to  describe  acute  and  chronic  glanders  and 
acute  and  chronic  farcy,  but  it  is  now  recognized  that  glanders  and  farcy 
are  due  to  the  same  cause,  and  that  there  is  no  essential  difference  between 
the  pathology  of  the  “farcy  bud”  and  the  glanders  nodule.  By  some 
the  local  or  chronic  manifestation  of  infection  with  the  Bacillus  mallei 
is  called  glanders,  while  the  term  farcy  is  applied  to  the  general,  dis- 
seminated, acute,  or  septicemic  glanders;  these  distinctions  are  no  longer 
permissible  and,  although  intermediate  cases  occur,  the  infections  pro- 
duced by  the  Bacillus  mallei  are  properly  divisible  into  two  groups — 
the  acute  and  the  chronic. 

It  is  probable  that  the  organism  usually  gains  ingress  through  an 
abraded  or  wounded  surface,  although  experiments  are  not  wanting  to 
show  that  the  bacillus  may  be  forced  into  the  skin  when  applied  by 
inunction  with  even  slight  friction.  As  communicated  to  man,  the 
disease  usually  is  contracted  from  the  horse,  and  is  therefore  most  common 
in  hostlers  and  those  employed  around  stables,  etc.  The  incubation 
period  is  not  accurately  known;  in  the  Czernowitz  laboratory  a broken 
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centrifuge  scattered  bacilli  widely,  infections  appearing  in  a few  days. 
In  another  laboratory  infection  appeared  six  days  after  accidental  injury; 
a bite  from  a glanderous  horse  was  followed  by  symptoms  in  six  weeks. 
When  the  glanders  bacilli  localize  in  the  subcutaneous  or  submucous 
tissue,  there  develops  a small  nodule,  rarely  as  large  as  a pea,  made  up 
of  an  almost  pure  leukocytic  infiltrate,  containing  a few  giant-cells  and 
the  characteristic  bacilli.  The  type  of  leukocyte  present  in  these  nodules 
does  not  appear  to  be  the  same  in  all  cases.  Bernstein  and  Carling 
found  in  the  more  recent  lesions  large  numbers  of  the  polymorphonuclear 
leukocytes  and  liquefaction  necrosis  rendering  the  lesions  comparable  to 
abscesses.  Unna  and  others  have  described  nodules  in  acute  and  chronic 
lesions  in  which  the  dominant  cells  were  mononuclear.  In  sotne  cases 
giant  cells  are  absent.  By  necrosis,  the  nodule  and  adjacent  mucous 
membrane  or  skin  soften  and  disintegrate;  the  resulting  ulcer  is  usually 
foul,  without  an  abundant  discharge;  when  a number  of  ulcers  are  located 
near  one  another,  they  not  uncommonly  show  a decided  disposition  to 
become  confluent,  forming  irregular  serpiginous  ulcers.  There  is  likely 
to  be  lymphangitis  extending  to  the  neighboring  lymph-nodes,  which  may 
enlarge  and  suppurate.  This  constitutes  the  so-called  chronic  glanders 
or  chronic  farcy.  Chronic  glanders  not  infrequently  runs  an  extremely 
protracted  course;  von  Baracz  reported  a case  in  which  the  disease  lasted 
fifteen  years,  during  which  time  it  was  wholly  latent  for  an  interval  of 
five  years. 

Acute  Glanders.— In  the  acute  form  the  condition  more  closely  re- 
sembles miliary  tuberculosis  in  the  rapid  dissemination  of  the  poison 
and  the  widespread  distribution  of  the  lesions.  Weichselbaum  de- 
scribes a case  of  acute  glanders  in  which,  without  any  apparent  initial 
lesion,  there  occurred,  throughout  the  viscera,  multiple  nodules,  the 
character  of  which  was  not  diagnosticated  during  life;  at  the  postmortem 
a thrombus  was  found  in  one  of  the  meningeal  veins,  and  from  this,  no 
doubt,  had  arisen  infected  emboli,  which  had  given  rise  to  the  general 
dissemination  of  the  lesion.  In  this  condition  the  bacilli  are  found  in  the 
blood  and  in  the  discharges;  multiple  cutaneous  eruptions  are  likely^  to 
occur;  the  larger  joints  may  be  implicated,  as  in  other  forms  of  septi- 
cemia; in  the  male  the  testicles  may  be  involved.  Multiple  abscesses 
may  occur  throughout  the  body,  closely  resembling  pyemia.  Death 
usually  occurs  from  exhaustion.  This  constitutes  the  septicemic  form 
of  the  disease,  and  may  occur  without  any  initial  lesion  that  can  be  dis- 
cerned; it  may  be  associated  with  an  initial  lesion  that  runs  a rapid  course; 
it  may  terminate  the  chronic  form  of  farcy  or  glanders,  as  already  described. 

The  secondary  changes  that  may  occur  in  a farcy  nodule  resemble  in 
some  respects  those  seen  in  tubercles.  Latent  or  “healed-in”  nodules 
are  not  infrequent;  they  commonly  show  peripheral  fibrosis  and  cal- 
careous infiltration  similar  to  that  already  described  when  considering 
“healed-in”  tubercles.  (See  p.  126.)  Such  latent  masses  are  seen  in 
lymph-nodes  and  in  the  lung,  and  occasionally  in  other  viscera.  During 
the  development  of  the  farcy  node  interstitial  and  peripheral  hemor- 
rhages are  not  infrequent,  and  in  the  lung  an  associated  pneumonia  is 
usually  present.  The  latter  may  be  restricted  to  a small  zone  around  the 
node  or  it  may,  as  in  tuberculosis,  involve  a large  area  of  the  pulmon- 
ary tissue,  giving  rise  to  alterations  that  closely  resemble  those  of  croup- 
ous pneumonia.  The  routes  of  infection  and  dissemination  are  practically 
the  same  as  those  already  given  for  tuberculosis.  The  occurrence  of 
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multiple  abscesses  scattered  throughout  the  body,  containing  staphylo- 
cocci as  well  as  the  specific  organism  of  the  disease,  is  indicative  of  the 
pyemic  character  of  the  lesion.  The  erythematous,  papular,  phlyctenu- 
lar, bullous,  and  pustular  eruptions,  are  also  evidences  of  general  infection ; 
they  have  led  to  confusion  in  diagnosis,  the  disease  having  been  mistaken 
for  measles,  chicken-pox,  smallpox,  syphilis,  etc. 

HYPHOMYCETES. 

The  Hyphomycetes  or  mold  fungi  consist  of  a branched,  septate, 
filamentary  meshwork  composed  of  mycelium,  from  which  arise  hyphse 
and  conidia  producing  small,  spheric,  highly  refractile  bodies  called 
spores.  The  special  organs  by  which  spores  are  produced  are  not  always 
the  same.  Members  of  the  higher  group  of  molds  are  easilv  identified, 
but  as  the  scale  is  descended  some  of  the  special  forms  are  not,  with 
our  present  knowledge,  readily  classified.  A number  of  the  molds  are 
pathogenic  for  lower  animals,  but  under  ordinary  conditions  a few  only 
give  rise  to  disease  in  man. 


B- 


A 


A. 

Aspergillosis1  is  a morbid  process  induced  by  members  of  the  asper- 
gillus  group.  The  Aspergillus  fumigatus,  Aspergillus  flavus,  and  Asper- 
gillus niger  are  the  most  important  disease-producing  species.  They 
occasionally  give  rise  to  inflammation  of  the  external  and  middle  ear, 
and  a definite  form  of  aspergillus  keratitis  has  been  described.  A most 
important  morbid  process  produced  by  the  parasite  is  pneumoasper- 
gillosis, which  may  be  primary  or  secondary.  It  is  probable  that  in  a 
considerable  percentage  of  cases  the  fungus  is  engrafted  upon,  and  ex- 
tends into,  some  previously  existing  pulmonary  lesion,  especially  tuber- 
culosis. The  disease  is  seen  particularly  in  millers  and  in  other  persons 
handling  grain,  and  in  pigeon-feeders  addicted  to  moistening  seeds  in  the 

1 Renon,  Etude  sur  l’Aspergillose  chez  les  Animaux  et  chez  l’homme,  Paris, 
1897;  Bosin,  Centralbl.  f.  Bact.,  xxxii,  p.  589;  Pearson  and  Ravcnel,  Univ.  of 
Penna.  Med.  Magazine,  Aug.,  1900;  Rothwell,  Jour.  Path,  and  Bact.,  Dec.,  1900, 
p.  34;  Bodin  and  Gautier,  Ann.  de  l’lnst.  Pasteur,  March  25,  1906,  p.  209;  Bac- 
carani,  Gazz.  degli  Osped.,  April  20,  1906;  Wahl  and  Carle,  l’Encephale,  iv,  June 
10,  1909,  p.  563;  Nakayama,  Zeit.  f.  Heilk.,  1903,  Bd.  xxiv,  Abt.  f.  path.  Anat., 
H.  4,  p.  548;  Birkett  and  Nicholls,  Montreal  Med.  Jour.,  May,  1904. 


Fig.  54. — Aspergillus. 

Mycelium.  B.  Opened  sporangium.  C.  "Free  spore. 
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mouth.  The  Aspergillus  fumigatus  grows  at  a higher  temperature 
(3  5°  C.  to  40°  C.)  than  the  niger  (250  C.),  which  may  account  for  the  fact 
that  the  former  is  more  commonly  pathogenic.  The  pulmonary  lesion 
produced  by  the  fungus  is  essentially  a pseudotuberculosis  and  may  be 
acute  or  chronic.  The  bronchi  are  frequently  dilated,  cavities  form, 
and  in  the  chronic  cases  there  is  a notable  interstitial  pneumonia.  His- 
tologically the  lesions  consist  of  masses  of  leukocytes,  among  which  the 
mycelium  of  the  fungus  is  widely  distributed.  There  is  usually  marked 
bronchial  thickening  continuous  with  the  increased  connective  tissue  in 
the  lung. 

It  is  not  known  that  the  members  of  this  group  produce  toxins.  The 
claim  that  pellagra  is  due  to  a toxic  substance  produced  in  maize  by 
mold  fungi  has  not  been  proved. 

The  dermatomycoses1  are  specific  forms  of  cutaneous  inflammation 
due  to  other  members  of  the  mold  family.  The  most  important  of 
these  are  favus,  herpes  tonsurans  (tinea  tonsurans  or  barbers’  itch), 
tinea  versicolor  (pityriasis,  mycosis  versicolor,  or  dermatomycosis  fur- 
furacea),  and  erythrasma. 


, Fig.  55. — Favus  from  a Mouse.  ( Coplin  and  Bevan.)  X8oo  diameters. 
a.  Germinating  tube  from  gelatin  culture,  b.  Conidia.  c.  Formation  of  fruit,  d.  Mycelial  threads  with 

fructification. 

Favus  is  usually  restricted  to  the  scalp,  although  Morris  reported 
a case  in  which  the  lesion  occurred  on  the  scalp,  trunk,  and  arms  and 
also  involved  the  finger-nails.  Sulphur  yellow  crusts  form  about  hairs 
which  the  mycelia  and  conidia  penetrate;  the  underlying  skin  inflames, 
the  hair  sheds,  and,  as  a result  of  inflammatory  and  atrophic  changes 
in  the  bulbs,  may  not  be  reproduced.  In  99  per  cent,  of  the  cases  the 
parasite  producing  favus  is  the  Achorion  schonleinii.  The  spores  of  the 
thread  penetrate  the  hair-follicle  and  may  be  found  surrounding  the  bulb. 

The  organism  is  readily  cultivated,  but  on  account  of  the  large  number 
of  associated  bacteria,  isolation  in  pure  culture  is  often  difficult;  the 
extracted  hair  may  be  washed  in  sterile  water  and,  by  sterile  instruments, 
divided  into  fragments,  from  which  inoculations  are  made.  Parts  of 
the  bulb  are  most  likely  to  yield  pure  cultures.  On  agar  the  outlines  are 
clear,  the  surface  scaly,  and  in  old.  growths  cerebriform;  the  surface  takes 
on  a fine,  whitish,  powdery  appearance.  On  gelatin,  irregular,  whitish, 
downy  growths  develop  with  slowly  advancing  liquefaction  of  the  medium. 
The  organism  may  be  successfully  inoculated  on  the  gray  mouse,  and 

1 Sabouraud,  Les  Tricophyties  Humaines,  Paris,  1894;  also  Brit.  Med.  Jour.,  Oct. 
10,  1908;  Bodin,  Les  Champignons  Parasites  deThomme,  1902;  Bunch,  Lancet,  Feb. 
i8|  1905;  Minne,  An.  de  la  Soc.  de  Med.  de  Fland.,  1904,  lxxxiii. 
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on  cats,  dogs,  and  fowls.  Favus  due  to  Achorion  quinckeanum  or  to 
Achorion  gypseum  is  rare.  There  are  other  members  of  the  favus  group 
that  affect  the  lower  animals  and  occasionally  are  communicated  to  man. 

Herpes  or  tinea  tonsurans  is  a form  of  ringworm  attacking  the  scalp 
and  due  to  the  trichophyton  tonsurans,  of  which  there  are  two  principal 
forms,  the  trichophyton  microsporon  and  the  trichophyton  megalosporon. 
The  small  spore  parasite,  called  by  Sabouraud  the  microsporon  Audouini, 
affects  children,  and  its  lesions  are  practically  restricted  to  the  scalp ; 
the  mycelia  penetrate  the  hairs,  which  become  brittle  and  readily  frag- 
ment. Usually  there  is  not  much  inflammation,  although  the  thread 
attaches  itself  to  the  cuticle  of  the  hair-shaft.  The  spores  vary  from 
3 fx  to  4 tx  and  extend  into  the  hair  a short  distance  above  the  bulb.  On 
agar  containing  one  per  cent,  peptone  and  three  per  cent,  maltose  the 
organism  produces  a central  elevation,  and  an  areola  of  powder-like  rays, 
creamy-white  in  color. 

Tinea  versicolor  is  due  to  the  microsporon  furfur,  a parasite  the  hyphae 
and  mycelia  of  which  are  smaller  than  the  parasites  described  above. 
The  disease  affects  particularly  the  trunk  and  limbs,  giving  rise  to  yellow, 
yellowish,  or  dark-brown  spots  or  larger  areas;  the  hands,  feet,  and  face 
usually  escape.  If  small  fragments  of  the  desquamating  lesion  be  soft- 
ened in  liquor  potassae,  washed  in  alcohol  and  ether,  and  mounted  in 
glycerin,  mycelial  threads  3 [x  to  4 /«  in  diameter,  curved  and  U-shaped 
but  not  ramified,  may  readily  be  recognized;  round  and  double  contoured 
spores  are  also  present.  Reports  of  successful  cultivation  have  been 
made,  but  remain  unverified. 

Erythrasma  is  due  to  the  Microsporon  minutissimum.  The  lesion  is 
seen  particularly  on  the  inner  aspect  of  the  thighs  and  is  manifested 
by  the  occurrence  of  brownish  patches  with  but  little  desquamation. 
The  parasite  can  be  demonstrated  in  the  desquamated  epithelial  cells  as 
short  mycelia  from  0.6  /1  to  1 tx  in  diameter  and  varying  in  length  from 
ovoids  to  threads  extending  beyond  the  cell  boundaries. 

For  the  demonstration  of  fungi  in  dermatomycoses  the  crusts,  epi- 
thelial scales,  or  hairs  may  be  shaken  with  ether,  the  excess  of  which 
is  poured  off  and  the  specimen  covered  with  liquor  potassas;  in  from  a 
few  hours  to  several  days,  depending  upon  the  size  of  the  specimen, 
the  tissue  softens,  dissociates,  and  can  be  crushed  and  examined  micro- 
scopically. After  dissociation  in  liquor  potassas,  staining  is  usually  dif- 
ficult, although  alcoholic  solutions  of  eosin  or  safranin  may  be  made 
to  tinge  the  parasites.  For  staining  the  hyphomycetes  in  horny  tissues 
Kraus1  recommends  the  methyl-green-pyronin  blood  stain  of  Pappen- 
heim,  which  should  be  obtained  from  Griibler.  Stain  for  five  minutes, 
wash  and  examine  in  water;  sometimes  better  results  are  obtained  by 
the  method  recommended  for  staining  the  spirochasta  found  in  syphilis 
(see  page  157). 

Pure  cultures  of  the  organisms  producing  dermatomycoses  are  often 
difficult  to  obtain.  Infected  hairs  or  scrapings  from  the  epidermis  should 
be  rubbed  up  with  sterile  sand  in  a sterile  mortar,  and  plated.  Sabouraud 
recommends  a medium  consisting  of  maltose  four  parts,  peptone  two 
parts,  agar  1.2  parts,  distilled  water  100  parts. 

Thrush,2  muguet,  soor,  or  preferably  mycotic  stomatitis,  is  a parasitic 

1 Centralbl.  f.  Bakt.,  Sept.  23,  1904,  p.  153. 

2 Bourguignon,  These  de  Paris,  1906;  Rajkt,  These  de  Lyon,  1906-1907. 
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affection  attacking  the  various  mucous  membranes,  but  especially  that 
of  the  mouth;  it  is  manifested  by  redness,  more  or  less  catarrhal  inflam- 
mation, and  the  development  of  whitish  spots  resembling  flakes  of  curdled 
milk.  The  causative  fungus  infiltrates  between  the  epithelial  cells,  some- 
times extending  downward  into  the  connective  tissue.  Mace1  believes 
that  the  infiltration  of  the  epithelium  is  brought  about  by  change  in  the 
action  of  the  saliva  depending  upon  antecedent  or  associated  infection 
by  pyococci,  colon  bacilli,  and  possibly  other  organisms.  This  explan- 
ation, if  correct,  accounts  for  the  well-known  fact  that  the  disease  is 
much  more  common  in  the  debilitated,  and  rarely,  if  ever,  attacks  a previ- 
ously healthy  individual.  The  infection  may  involve  the  esophagus, 
and  rarely  other  parts  of  the  alimentary  canal.  Smith  and  Radkey2 
report  an  instance  in  which  the  vagina  was  affected  (vaginitis  or  colpitis 
mycotica).  Dark  or  brownish  thrush  areas  may  result  from  extrav- 
asated  blood  infiltrating  the  diseased  tissue.  Oliver3  reports  a series 
of  cases  of  mouth  infection  with  a fungus  resembling  the  oidium;  some 
of  the  patients  were  otherwise  in  good  health,  and  most  of  the  cases 


Fig.  56. — Microsporon  furfur.  ( Coplin  and  Bevan.)  X600  diameters. 

were  chronic.  Frisch  has  found  the  bladder  involved.  Hiibner4  records 
a general  infection  by  the  thrush  fungus  and  states  that  Concetti  has 
shown  conclusively  that  the  organism  produces  an  energetic  toxin. 
Zenker  and  Ritter  have  reported  brain  abscesses  due  to  the  parasite, 
and  Schmorl  has  found  it  in  abscess  of  the  kidney  and  spleen. 

The  parasite  causing  thrush  has  been  variously  classified  by  different 
writers;  the.  names  given  the  germ — oidium  albicans,  monilia  conidia, 
saccharomyces  albicans,  thrush  fungus,  soorpilz,  and  muguet — indicate 
the  varied  views  that  have  been  held  as  to  its  botanical  position;  oidium 
albicans  is  generally  preferred.  By  some  authorities  the  parasite  is 
believed  to  be  intermediate  between  the  molds  and  yeasts.  It  forms 
branched  mycelia  and  spheric  or  oval  conidia.  The  branched  hyphae 
consist  of  short  cylindric  cells,  which  vary  slightly  in  thickness.  On 
milk,  bread-paste,  potato,  and  other  culture-media  the  oidium  albicans 
rapidly  forms  a milk-white  growth,  extending  as  thready,  almost  color- 
less projections  into  the  substratum.  It  stains  with  the  usual  anilin 
dyes  and  by  Gram’s  method. 

1 L’Obstretique,  1904,  viii,  No.  6. 

2 Medical  News,  June  27,  1903,  p.  1204. 

3 California  State' Jour,  of  Medicine,  Aug.,  1904,  p.  240. 

4 Deut.  med.  Woch.,  1903,  p.  281. 
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The  sporotrichoses1  include  a number  of  closely  allied  infections 
due  to  organisms  of  somewhat  uncertain  botanical  position,  capable  of 
infecting  man  and  a number  of  lower  animals.  In  horses  the  sporothrix 
produces  an  epizootic  lymphangitis.  In  man  it  gives  rise  to  nodules  and 
multiple  abscesses  in  the  skin  sometimes  resembling  cutaneous  lesions 
of  syphilis — syphiloid  type — or  nodular  lesions  not  unlike  those  of  some 
forms  of  cutaneous  tuberculosis — tuberculoid  type — and  multiple  ab- 
scesses constituting  the  suppurative  type.  Of  several  closely  allied 
members  of  the  group  the  best  known  are  the  Sporotrichum  schenckii, 
or  the  Sporotrichum  beurmanni.  The  organisms  are  strict  aerobes  grow- 
ing readily  on  most  of  the  usual  media;  optimum  temperature  20°  C. 
to  28°  C.;  thermal  death  point  about  6o°  C.  On  potato  fuzzy  white 
colonies  are  formed  which  later  become  wrinkled,  dark  brown,  and  finally 
almost  black.  The  spores  elongate,  give  rise  to  irregular  filaments  and 
buds;  the  threads  show  crossed  division.  The  organisms  do  not  stain 


Fig.  57. — Oidium  albicans  (Thrush  Fungus). 
(< Coplin  and  Bevan.) 


Fig.  58. — Actinomyces  (Ray  Fungus).  From 
Bovine  Actinomycosis.  ( Coplin  and 

Bevan.)  X8oo  diameters. 


well  but  take  the  ordinary  anilin  dyes  faintly;  if  not  decolorized  too 
vigorously  they  are  Gram-positive. 

The  streptotricheae2  include  a number  of  organisms  the  classification 
of  which  remains  uncertain.  Foulerton,  who  has  studied  them  most 
carefully,  accepts  the  view  of  Harz  who  placed  streptothrix  among  the 
mold  fungi.  The  most  important  diseases — Streptotrichoses  or  Strepto- 
trichiases — produced  by  these  organisms  are  actinomycosis  and  Madura 
foot,  the  latter  also  called  mycetoma. 

Actinomycosis3  is  a disease  affecting  man  and  a number  of  the  lower 

1 Peltier,  These  de  Paris,  1907;  Trimble  and  Shaw,  Kansas  Med.  Jour.,  Sept., 
1909;  Page,  Frothingham,  and  Paige,  Jour,  of  Med.  Research,  Aug.,  1910,  p.  137; 
Sutton,  Jour.  Amer.  Med.  Assoc.,  Sept.  17,  19x0,  p.  1000. 

2 Foulerton,  Allbutt  and  Rolleston,  System  of  Medicine,  vol.  ii,  Part  1,  p.  302, 
1906;  Musgrave,  Clegg  and  Polk,  Philippine  Jour,  of  Sci.,  Sect.  B,  Dec.,  1908; 
Schurmann,  Centralbl.  f.  Bakt.,  Feb.,  1909,  p.  179;  Foulerton,  Lancet,  Feb.  26 
and  March  5,  1910. 

3 See  works  referred  to  in  foot-note,  p.  41.  Foulerton,  reference  given  above; 
McDonald,  Edinburgh  Med.-Chir.  Soc.,  Feb.  3,  1904;  Biagi,  Sperimentale,  lviii, 
4,  1904;  Neukirch,  Zeitsch.  f.  Hyg.  u.  Infectionskr.,  xlviii,  3,  1904;  Lagrange,  Gaz. 
hebd.  des  scienc.  med.  de  Bordeaux,  Nov.  6,  1904;  Burnham,  Johns  Hopkins  Hos- 
pital Bull.,  April,  1904,  p.  136;  Heinrichs,  Arch.  f.  Laryng.  u.  Rhinol.,  1904, 
Bd.  xvi,  p.  350;  Lowe,  Diss.  med.  Greifswald,  T904;  Sanfelice,  Centralbl.  f.  Bakt., 
June  16,  1904,  p.  355;  Gilbert,  Zeit.  f.  Hyg.,  Sept.,  1904,  p.  383;  Langer,  Zeit. 
f.  Hyg.,  1904,  Bd.  xlvii,  H.  3;  Di  Donna,  Ann.  Ig.  sperim.,  t.  xiv,  f.  3,  1994,  pp. 
449-459;  Warthin  and  Olney,  Amer.  Jour.  Med.  Sci.,  1904,  vol.  cxviii,  p.  637.  Wright, 
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animals,  and  due  to  any  one  of  several  closely  allied  organisms  members 
of  the  streptothrix  group. 

The  parasite,  actinomyces  or  better  streptothrix,  has  also  been  termed 
nocardia.  Studies  of  the  last  few  years  appear  to  have  established  that 
the  clinical  phenomena  ordinarily  called  actinomycosis  may  be  due  to 
any  one  of  several  closely  related  parasites;  Stokes  gives  a table  recording 
a number  of  the  differences  between  individual  members  of  the  group. 
All  of  the  actinomyces  are  branching  fungi,  nonmotile,  spore-forming, 
Gram-positive,  and  give  rise  to  dense,  adherent,  often  shaggy  colonies 
that  at  first  are  white  or  light  yellow  in  color,  but  in  older  growths  may 
be  dark,  almost  brown.  None  of  the  organisms  produce  fermentation; 
some  members  of  the  group  occurring  in  man  are  acid-fast,  showing  a stain 
reaction  similar  to  that  of  the  tubercle  bacillus.  The  actinomyces  in 
culture  are  both  anaerobic  and  aerobic,  although  some  forms  cannot 
be  grown  in  the  absence  of  oxygen;  attempts  to  make  this  property  a 
basis  of  classification  have  been  unproductive.  The  germ  is  extremely 
pleomorphous,  giving  rise  to  structures  so  dissimilar  that  it  often  seems 
difficult  to  believe  that  the  culture  is  not  contaminated  by  bacteria.  Of 


Fig.  59. — Sporotrichosis  of  Hand  and  Forearm  Following  a Hen-bite  on  Dorsum  of  Hand. 

Observe  primary  lesion  on  back  of  hand  and  chain  of  abscesses  extending  up  forearm.  {Sutton,  Jour.  Amer. 

Med.  Assoc.,  Dec.  24,  1910,  p.  2214.) 


the  various  forms  assumed  by  the  parasite  the  following  merit  special  con- 
sideration: The  branching  filaments  rarely  exceed  0.5  /<  in  diameter  and 

in  young  cultures  are  uniform;  in  older  growths  they  may  break  up  into 
rods  or  coccoid  bodies;  the  filaments,  bacillus-like  and  coccoid  bodies, 
usually  possess  a demonstrable  outer  layer  or  sheath.  In  cultures  the 
mycelia  extending  upward  develop  clubs.  Toward  the  periphery  of  the 
masses  (actinomyces  granules)  in  the  tissues,  pyriform,  club-like  bodies 
possessing  great  diagnostic  significance  are  usually  found.  Such  bodies 
develop  particularly  in  the  yellowish  granules  frequently  present  in 
actinomycotic  tissues  and  in  the  pus;  club-containing  masses  resemble 
grains  of  iodoform,  or — as  a result  of  calcareous  deposit — grains  of  sand. 

Demonstration. — It  is  well  to  remember  that  in  demonstrated  actin- 
omycotic lesions  the  fungus  is  often  absent  or  cannot  be  detected  during 
long  periods.  It  is  most  readily  found  in  the  discharges  from  freshly 

Jour.  Med.  Research,  May,  1905,  vol.  xiii,  p.  350;  Butterfield,  Jour.  Infect.  Dis., 
June  24,  1905,  p.  421;  Shiota,  Deutsch.  Zeit.  f.  Chir.,  Bd.  ci,  1909;  Poliak,  Cen- 
tralbl.  f.  Bakt.,  Sept.  25,  1909;  Chiarolanza,  Centralbl.  f.  Bakt.,  Bd.  liii,  H.  1,  Dec., 
1909,  p.  1;  Israel,  Boston  Med.  and  Surg.  Jour.,  1910,  clxiii,  82;  Wood  and  Eshner, 
Med.  Record,  June  4,  1910. 
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opened  lesions,  and  becomes  more  difficult  to  recognize  in  the  presence 
of  active  concurrent  infection,  particularly  when  the  latter  is  due  to 
other  pyogenic  organisms.  In  order  to  demonstrate  the  fungus  in  sus- 
pected material  (usually  pus),  spread  the  matter  on  a sterile  glass  plate 
and  search  carefully  for  yellow  or  yellowish-white  grains  that  closely 
resemble  granules  of  iodoform.  The  largest  of  these  grains  usually 
appears  about  the  size  of  a pinhead.  With  a needle  pick  out  one  of  the 
grains,  transfer  it  to  a microscope  slide,  and  gently  cover;  examined 
with  a ^-inch  or  ^-inch  objective,  these  grains  appear  spheroid  or  globular, 
greenish  in  color,  and  quite  opaque.  While  still  in  focus,  with  a needle 
make  pressure  on  the  cover-glass,  focusing  slowly  downward;  when  the 
granule  falls  to  pieces,  as  it  soon  will,  under  a higher  power  (£-inch  dry 
lens  or  TV-inch  oil  immersion),  the  club-shaped  masses  become  clearly 
defined.  Staining  is  not  necessary,  but  in  sections  or  cover-glass  spreads 
beautiful  results  may  be  obtained  by  the  following  method  (Crookshank- 
Plaut) : (1)  Carbolfuchsin,  ten  minutes,  gently  warming  the  solution; 

(2)  rinse  in  water;  (3)  saturated  alcoholic  solution  of  picric  acid,  five  to 


ten  minutes;  (4)  water,  five  to  ten  minutes;  (5)  fifty  per  cent,  alcohol, 
fifteen  minutes;  (6)  dehydrate  in  absolute  alcohol;  (7)  clear  in  clove  oil; 
(8)  mount  in  balsam.  Sections  may  also  be  stained  in  carbolfuchsin, 
largely  decolorized  in  fifty  per  cent,  alcohol,  washed  in  water,  and  fol- 
lowed by  hematoxylin  in  the  usual  manner.  From  cultures,  the  fungus 
stains  with  most  of  the  anilin  dyes  and  by  Gram’s  method. 

Pure  cultures  are  obtained  by  plating;  the  grains,  after  washing  in 
sterile  water,  are  crushed  in  the  nutrient  gelatin,  and  this  is  spread  as 
usual.  In  order  to  break  up  the  grains  and  to  diffuse  them  in  such  a 
way  as  to  secure  pure  cultures,  it  is  recommended  that  they  be  rubbed 
up  with  sterile  sand  and  plated  in  the  usual  manner.  In  from  four  to 
seven  days  the  colonies  appear,  and  are  then  inoculated  on  agar  or  gelatin. 
As,  in  the  presence  of  oxygen,  some  members  of  the  group  are  isolated 
with  difficulty,  both  aerobic  and  anaerobic  cultures  should  be  made. 
Agar  containing  one  per  cent,  dextrose  is  the  most  favorable  medium. 

The  path  of  infection  in  actinomycosis  may  be  through  almost  any 
surface  or  cavity  communicating  with  the  exterior.  The  frequency 


Fig.  60. — Streptothrix  Actinomyces,  from  Culture. 
The'specimen  shows  branching  threads  and  a few  slightly  clubbed  filaments. 
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with  which  the  disease  affects  the  head  and  neck  speaks  strongly  for 
oral  infection,  probably  through  some  abrasion  of  the  mucous  membrane 
or  possibly  a diseased  tooth.  The  distribution  of  the  lesion  also  suggests 
oral  infection.  According  to  Wright,  there  are  six  cases  of  established 
tonsillar  infection.  This  observer  found  that  in  117  cases  of  actino- 
mycosis the  jaws,  mouth,  or  pharynx  were  involved  in  72.  Shiota  in  a 
study  of  55  cases  found  34  in  which  the  infection  involved  the  head  and 
neck,  and  the  chest  in  3.  Of  the  many  instances  of  actinomycotic  inva- 
sion of  the  pelvic  organs,  it  is  suggested  that  the  primary  infection  was 
probably  intestinal.  Chiari  first  described  a case  of  primary  infection, 
presumably  by  mural  implantation,  of  the  intestinal  wall.  Burnham 
collected  32  cases  of  primary  actinomycotic  appendicitis. 

Morbid  Anatomy. — Once  the  fungus  secures  admission  to  the  con- 
nective tissues,  there  is  engendered  a granulation  tumor  containing 
large  masses  of  lymphoid  cells,  a few  epithelioid  elements,  and  giant  cells, 
closely  resembling  a tubercle;  the  lessened  tendency  to  necrosis  or  case- 
ation, however,  permits  these  masses  to  accumulate  and  to  become  of 
considerable  size,  when,  prior  to  the  discovery  of  the  cause,  they  were 
not  uncommonly  mistaken  for  sarcoma.  The  size  of  the  actinomycotic 
masses  varies.  The  larger  nodules,  which  may  attain  the  dimensions  of  a 
fetal  head,  are  not  uncommonly  honeycombed,  resembling  a trabecular 
structure,  the  stroma  of  which  is  formed  from  the  connective  tissue 
of  the  affected  part.  The  irregular  alveoli,  produced  by  the  connective 
tissue,  are  distended  by  inflammatory  products  containing  the  parasite. 
When  occurring  in  bone  or  on  the  skin,  the  resemblance  to  sarcoma 
may  be  striking.  The  contents  of  actinomycotic  masses  may,  as  a result 
of  the  pyogenic  powers  of  the  germ,  be  composed  of  pus.  At  other 
times  the  necrosing  and  pus-producing  properties  of  the  parasite  are 
absent,  and  in  some  of  these  cases  a hyaline  fibrous  tissue  is  produced, 
rendering  the  affected  structure  denser  than  normal  ( wooden  tongue ) ; 
this  type  corresponds  to  the  chronic  productive  or  hyperplastic  form 
of  tuberculosis  mentioned  on  page  128.  Like  tuberculosis,  actino- 
mycotic areas  may  calcify  or  encapsulate,  or  both  these  changes  may  be 
present.  Ulcers  formed  on  the  skin  are  crater-like,  and  discharge  a 
clear,  mucilaginous  fluid,  sometimes  in  large  quantities.  The  local  ex- 
tension of  the  process  is  peculiar,  in  that  it  advances  steadily,  involving 
contiguous  tissues,  and  does  not  appear  to  follow  the  path  of  least  resist- 
ance, such  as  the  course  of  a muscle,  blood-vessel,  or  nerve,  or  the  lymph- 
stream.  Penetration  of  venous  walls  permits  the  formation  of  actino- 
mycotic thrombi,  which,  becoming  fragmented,  give  rise  to  emboli  con- 
taining the  specific  organism.  In  Ponficlc’s  case  such  a thrombus  oc- 
curred in  the  jugular  vein,  and  later  embolic  metastasis  showed  itself 
in  the  heart,  lungs,  spleen,  and  brain.  Poliak’s  patient  developed  actino- 
mycotic pyemia.  Probably  on  account  of  the  large  size  of  the  germ, 
dissemination  by  the  lymph-steam  is  less  common  than  by  the  blood- 
supply. 

In  over  fifty  per  cent,  of  the  cases  in  man  the  lesion  is  located  in  the 
tissues  of  the  head  and  neck.  The  intra-abdominal  organs  are  next  in 
point  of  frequency,  the  lungs,  tongue,  and  skin  following  in  the  order 
given.  Actinomycosis  has  been  observed  in  the  generative  organs, 
particularly  in  the  Fallopian  tube;  the  reported  cases  of  actinomycosis 
of  the  female  reproductive  organs  are  of  special  interest,  particularly 
when  we  consider  the  fact  that  only  about  one-third  of  all  the  cases  of 
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actinomycosis  occur  in  women.  It  is  also  seen  in  the  medulla  of  long 
bones  and  in  the  cancellous  tissue  of  small  bones,  and  has  been  desoribed 
in  the  mastoid  cells  and  middle  ear.  Primary  pulmonary  actinomycosis 
is  not  a rare  form  of  the  affection;  primary  cerebral  actinomycosis  occurs, 
although  brain  involvement  is  usually  due  to  metastasis,  the  fungus 
reaching  the  brain  from  a primary  lesion  elsewhere.  The  frequency  and 
mortality  in  different  forms  of  actinomycosis  are  shown  by  the  following 
statistics  by  Poncet  and  Thevenot.1  Of  the  306  cervico-facial  cases, 
10  are  dead,  3 improved,  168  cured,  while  in  125  the  result  is  not  known. 
Among  25  infections  of  the  thoracic  or  abdominal  wall,  4 are  dead,  16 
cured,  and  in  5 the  result  is  unknown.  The  viscera  of  the  abdomen  were 
involved  in  84  cases,  16  of  which  are  believed  to  have  been  cured,  17  are 
dead,  and  51  could  not  be  traced.  Of  71  pleuro-pulmonary  cases,  4 are 
cured,  25  dead,  and  in  42  the  subsequent  history  could  not  be  obtained. 

Mycetoma,  also  called  Madura  foot  or  fungous  foot  of  India,  is  due  to 
parasites  possessing  many  characters  of  other  strains  of  streptothrices 
and  included  under  a group  name,  the  Streptothrix  madurae.  Two  forms 
of  the  disease  have  been  recognized,  one  in  which  the  discharged  granules 
are  black  (gunpowder  grains)  and  the  other  in  which  they  are  white  or 
yellow  (ochroid),  resembling  fish-roe.  Laveran2  believes  that  the  two 
varieties  are  distinct,  and  that  both  differ  from  the  ordinary  actino- 
myces  of  man  and  cattle;  he  would  make  the  Streptothrix  mycetoma 
a distinct  parasite.  Musgrave  and  Clegg3  conclude  that  Madura  foot 
may  be  produced  by  any  one  of  several  species  of  streptothrix.  They 
have  studied  in  detail  and  described  an  additional  member  of  the  group 
which  they  call  the  Streptothrix  freeri  present  in  a case  of  mycetoma  of 
the  ochroid  variety. 

Demonstration. — The  parasite  may  be  identified  in  the  tissues  or 
discharges  by  a method  similar  to  that  recommended  for  actinomyces. 
The  ochroid  and  melanoid  granules  may  be  crushed  and  examined  under 
the  microscope,  when  mycelial  threads  will  usually  be  recognized.  There 
is  a similar  ray-like  growth  with  slight  enlargement  at  the  ends  of  the 
filaments,  but  not  the  typical  clubs  of  actinomyces. 

Usually  only  one  foot  is  affected.  Macroscopically  and  microscopic- 
ally the  lesion  resembles  actinomycosis,  and  is  essentially  chronic,  often 
persisting  for  years.  It  is  a slowly  spreading  inflammatory  process, 
characterized  by  the  formation  of  granulation  tissue  in  which  necrotic, 
degenerative,  and  suppurative  processes  occur;  the  overlying  skin  breaks, 
giving  rise  to  sinuses  from  which  a serous  or  serosanguineous  discharge 
escapes.  It  commonly  begins  in  the  sole  of  the  foot  or  in  a toe,  and 
rarely  extends  beyond  the  ankle;  the  bones  soften  and  necrose,  and 
dense  structures  such  as  tendon  and  ligament  yield  before  the  advancing 
granulation  tissue.  The  parasite  shows  practically  no  tendency  toward 
generalization. 

Other  Forms  of  Streptothricosis. — Extended  investigation  of  the 
streptothrix  has  shown  that  a number  of  infections,  possibly  many,  are 
due  to  the  parasite.  A most  important  type  of  streptothrix  infection  not 
already  considered  is  that  involving  the  lung — pulmonary  streptothri- 
cosis. Warthin  and  Olney4  have  reported  a case  and  collated  others 

1 Med.  Mod.,  June  10,  1903,  p.  181. 

2 Bull,  de  l’Acad.  de  Med.,  1903,  vol.  xlvii,  p.  773. 

3 The  Philippine  Jour,  of  Sci.,  Sect.  B,  Med.  Sci.,  Dec.,  1907,  p.  477. 

4 Amer.  Jour.  Med.  Sci.,  vol.  cxxviii,  p.  637. 
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from  literature.  The  acid-fast  branched  threads  are  abundant  in  sputum, 
which  may  also  yield  cultures.  Streptothrix  lesions  usually  involve 
the  base,  and  tuberculosis  the  apex  of  the  lung.  Irrespective  of  anatomic 
boundaries  infection  usually  extends  by  direct  continuity.  Cavity 
formation  is  rarely  extensive,  the  tendency  being  to  infiltration  and 
consolidation.  Similar  streptothrix  elements  may  be  found  in  sputum, 
coming  from  large  tuberculous  cavities,  dilated  bronchi,  or  gangrenous 
areas  in  the  lungs;  in  many  of  these  cases  the  infection  is  superimposed 
on  some  antecedent  lesion — secondary  streptothricosis ; it  may  intensify 
previous  lesions  or  give  rise  to  independent  extension. 

Leptothricosis1  is  an  infectious  process  due  to  invasion  of  the  tissues 
by  members  of  the  leptothrix  group.  The  botanical  position  of  these 
germs  is  even  less  accurately  determined  than  that  of  the  actinomyces, 
from  which  they  differ  in  that  true  branching  is  not  present.  In  one 
of  Pearce’s  cases  the  parasite  was  the  only  organism  found  in  gall-stones. 
Mycosis  tonsillaris  benigna  and  Pharyngomycosis  leptothricia  are  names 
applied  to  a chronic  infection  involving  the  tonsils,  pharynx,  or  base 
of  the  tongue;  rarely  the  larynx  and  esophagus  are  affected.  In  this 
condition  the  whitish  patches  on  the  surface,  or  the  plugs  extending 
into  the  tonsil,  are  composed  largely  of  leptothrix  mycelia.  The  organ- 
ism may  readily  be  detected  by  the  usual  anilin  dyes,  but  is  not  easily 
cultivated. 


SACCHAROMYCETES.2 

Oidiomycosis,  Blastomycosis,  or  Saccharomycosis,  preferably  the  first, 
is  applied  to  diseases  produced  by  yeasts.  These  bodies,  well  known  in 
the  arts,  consist  of  oval,  round,  or  nearly  spheroidal  cells  of  varying  sizes, 
commonly  slightly  larger  than  a red  blood-cell.  Proliferation  by  bud- 
ding is  the  usual  method  of  reproduction,  and  if  the  Saccharomyces  cere- 
visice — ordinary  domestic  yeast — be  watched  under  the  microscope, 
the  formation  of  buds  which  enlarge  and  give  rise  to  new  cells  can  readily 
be  recognized.  Often  the  new  cell  adheres  to  the  parent,  and  by  con- 
tinuation of  this  process  short  chains  and  irregular  groups  are  formed. 
Most  yeasts  may  be  cultivated  on  all  the  laboratory  media,  and  grow 
especially  well  on  nutrients  containing  sugar,  which  they  ferment  with 
the  production  of  alcohol.  Buchner  has  shown  that  the  activity  of 
yeasts  depends  upon  a ferment  contained  in  the  interior  of  the  cell; 
this  substance  he  has  expressed  from  the  plant  and  utilized  for  the  pro- 
duction of  fermentation. 

With  regard  to  the  pathogenic  action  of  yeasts  in  man  our  informa- 
tion is  incomplete;  they  are  sometimes  found  in  the  stomach,  occasion- 
ally in  the  stools,  and  Bendeler3  has  shown  that  they  may  occur  in  the 
urine.  Recently  Klein  and  Gordon4  have  reported  an  epidemic  affec- 
tion of  the  throat  resembling  diphtheria,  tonsillitis,  and  scarlet  fever, 
but  apparently  due  to  a yeast,  which  they  call  the  Saccharomyces  homi- 
nis.  Yeasts  have  been  found  in  tumors,  and  certain  observers  believe 

1 Leptothrix  infection  in  man  and  animals  has  been  considered  in  detail  by 
Pearce,  Univ.  Penna.  Med.  Bull.,  Aug.,  1901,  and  Nov.,  1902;  full  bibliography. 

2 Centralbl.  f.  Bakt.,  Aug.  19,  1904,  p.  529;  an  elaborate  systematic  classifica- 
tion of  the  Saccharomycetes;  Guilliermond,  Bull,  de  l’ljist.  Pasteur,  March  15, 
1905,  p.  178. 

3 Centralbl.  f.  Bakt.,  Jan.,  1905,  p.  55. 

4 Thirty-second  Annual  Report  of  the  Local  Government  Board,  1904,  p.  559. 
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them  to  be  a cause  of  neoplasm.1  The  Saccharomyces  neoformans  has 
not  been  generally  received  with  enthusiasm,  and  the  observations  of 
Sanfelice  still  lack  confirmation. 

Systemic  Blastomycosis2 3  may  be  a terminal  stage  of  the  cutaneous 
lesion  or  result  from  primary  pulmonary  infection,  and  probably  through 
other  portals  of  entry.  In  a number  of  reported  cases  the  first  symptoms 
were  pulmonary  and  the  blastomycetes  were  demonstrated  in  the  sputum. 
Anatomically  the  lesions  resemble  tuberculosis  but  differ  conspicuously 
in  that  the  origin  is  pyogenic,  giving  rise  to  definite  suppurative  lesions. 
The  abscesses  are  miliary  or  0.5  to  1 cm.  in  diameter,  occasionally  larger. 
They  may  occur  in  any  organ  but  are  especially  common  in  the  lungs 
and  spleen;  the  bone  marrow  may  be  involved — blastomycetic  osteo- 
myelitis. Microscopically  the  smaller  lesions  possess  necrotic  centers 
containing  blastomycetes,  polymorphonuclear  leukocytes,  erythrocytes, 
and  cellular  detritus.  Surrounding  the  necrotic  centers  is  a zone  of 
granulation  tissue  in  which  are  numerous  giant  cells  containing  the 


Fig.  61. — Yeast  Cells  from  Pure  Culture.  Budding  Forms  are  Present. 


parasite.  Giant  cells  are  said  not  to  be  present  in  splenic  lesions.  Sec- 
tions of  properly  fixed  tissue,  stained  with  hematoxylin  and  eosin,  Unna’s 
polychrome  blue  or  methylene  blue  are  sufficient  for  demonstrating 
the  para'Site.  The  organisms  appear  as  round,  double  contoured  bodies 
rarely  exceeding  15  in  diameter;  the  number  of  budding  forms  varies 
in  different  specimens  but  can  always  be  found.  In  cultures  budding 
forms  tend  to  disappear  and  are  replaced  by  mycelial  growths  consisting 
of  coarse  branching  forms  giving  rise  to  elevated,  grayish  or  white  colonies 
loosely  attached  to  solid  media.  In  some  cases  the  organism  is  not  readily 
obtained  in  culture. 

The  name  blastomycetic  dermatitis2  is  applied  to  a form  of  cutaneous 
blastomycosis  due  to  a pleomorphous  organism  indistinguishable  from 

1 Sanfelice  has  been  a most  ardent  advocate  of  this  view;  his  extensive  observa- 
tions and  writings  on  the  subject  may  be  traced  from  his  papers  in  the  Rif.  Med., 
Sept,  q,  1902,  and  Zeit.  f.  Hyg.  u Infectkrank.,  1903,  Bd.  xliv,  p.  64. 

2 Fontaine,  Haase,  and  Mitchell,  Arch,  of  Intern.  Med.,  Aug.,  1909. 

3 Coley  and  Tracy,  Jour.  Med.  Research,  May,  1907,  p.  237;  Krost,  Moes  and 
Stober,  Jour.  Amer.  Med.  Assoc.,  Jan.  18,  1908,  p.  184;  Brewer  and  Wood,  Annals 
of  Surgery,  Dec.,  1908,  p.  889;  Posey,  Carpenter  and  Smith,  Univ.  Penna.  Med. 
Bull.,  Nov.,  1908. 
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that  above  described.  In  the  tissues  and  discharges  the  parasite  is 
found  as  a spherical  cell  io  y to  15  /j  in  diameter,  double  contoured,  often 
budding,  and  sometimes  containing  intracellular  structures  that  may  be 
spores;  it  grows  best  on  beerwort,  glycerin,  and  glucose  agars,  which  should 
be  slightly  acid.  Successful  cultures  develop  in  from  two  to  sixteen  days, 
and,  according  to  Ricketts,  on  agar,  or  beerwort  agar  slants,  may  be  a 
smooth,  whitish,  pasty  growth  without  aerial  hyphae,  and  may  or  may 
not  penetrate  the  medium.  Other  observers  have  described  aerial 
hyphae.  In  this  form  budding  is  usually  conspicuous,  although  mycelial 
growth  is  often  present.  The  surface  is  granular  or  plicated;  sometimes 
spicules  extend  upward,  but  aerial  hyphae  are  absent.  Growths  may  re- 
semble either  of  the  first  groups,  but  conidia  with  aerial  hyphae  are  also 
present.  Gilchrist  believes  that  the  second  and  third  forms  are  identical. 

Morbid  Anatomy. — The  disease  is  a chronic  inflammatory  process, 
primarily  local,  developing  as  a papule  which  becomes  a pustule  covered 
by  crusts.  It  extends  laterally  by  the  formation  of  minute  dermal  and 
subdermal  abscesses  which  usually  are  of  microscopic  dimensions.  Ex- 
tensive hyperplasia  is  present  in  the  rete,  the  cells  of  which  can  pro- 


Fig.  62. — Pulmonary  Blastomycosis;  Organisms  from  Lung  Lesion. 
A,  Resting  stage;  B,  C,  D,  E,  and  F,  stages  of  budding. 


ject  into  the  corium.  Mast-cells  and  giant-cells  are  frequently  present, 
the  latter  often  containing  parasites.  The  organisms  can  be  recog- 
nized in  sections  stained  with  hematoxylin  and  eosin,  but  better  results 
are  obtained  with  methylene  blue  or  polychrome  blue.  The  fungus  may 
be  demonstrated  by  placing  fresh,  hardened,  or  teased  particles  of  tissue, 
or  pus,  on  a slide,  dropping  on  a ten  to  thirty  per  cent,  solution  of  potas- 
sium hydrate  or  equal  parts  of  liquor  potass®  and  glycerin,  and  applying  a 
cover-glass.  In  such  preparations  the  organisms  appear  as  double- 
contoured,  highly  refractile  bodies,  in  some  of  which  granular  contents, 
vacuoles,  or  shining  spore-like  bodies  can  be  demonstrated  (Montgomery). 

Coccidioidal  granuloma1  closely  resembles  the  lesions  seen  in  blasto- 
mycetic  dermatitis  and  the  organism  is  manifestly  closely  related. 
It  may  be  found  in  the  budding  state  in  pus  withdrawn  from  the  abscesses, 
but  budding  forms  are  not  found  in  the  tissues.  Coccidioidal  granuloma 
shows  a tendency  to  disseminate  by  lymph  and  blood  currents,  the 
cutaneous  lesions  being  secondary  or  in  some  cases  absent;  they  are  clearly 
of  embolic  origin.  The  meningeal  lesions  consist  of  minute  abscesses 

1 Ophuls,  Jour.  Amer.  Med.  Assoc.,  Oct.  28,  1905,  p.  1291;  Brown,  Jour.  Amer. 

Med.  Assoc.,'  March  2,  1907,  p.  744;  Evans,  Jour.  Infect.  Dis.,  Sept.  20,  1909,  p. 
523;  Ryfkogel,  Jour.  Amer.  Med.  Assoc.,  Nov.  12,  1910,  p.  1730. 


THE  INFECTIONS. 


I53 


involving  the  pia-arachnoid;  these  abscesses  consist  of  necrotic  centers 
containing  polymorphonuclear  leukocytes,  and,  peripherally,  a bordering 
tissue  composed  of  mononuclear  cells,  plasma  cells,  and  giant  cells. 

Epicrisis. — The  botanical  position  of  the  organisms  found  in  the  blasto- 
mycoses above  described,  and  in  coccidioidal  granuloma,  do  not  appear 
to  the  writer  as  rendering  them  properly  classifiable  with 
the  blastomycetes.  The  yeasts  possess  definite  mem- 
branes, do  not  produce  mycelia,  but  grow  by  budding. 

The  oidia  produce  mycelia  and  buds.  In  the  condi- 
tions named  the  bodies  in  the  tissues  are  almost  exclu- 
sively budding  forms — blastomycetoid — while  in  cul- 
tures mycelia  are  conspicuous,  the  budding  varieties 
tending  to  disappear.  It  is  probable  that  the  diseases 
produced  by  them  will  be  called  oidiomycoses.  Evi-  FlOBERMEfER^°CI(Spi^ 
dently  Ricketts  had  this  thought,  and  Coley  and  Tracy,  *ngFeve0r)  R(cwf« 
apparently  following  Ewing’s  suggestion,  have  adopted  Lnd  Be  van) ( xsoo 
the  term.  diameters. 

The  Spirilloses1  or  Spirochetoses  include  a number  of  diseases  many  of 
which  occur  in  lower  animals  only  and  others  in  man;  some  members  of 
the  latter  group  may  be  experimentally  transmitted  to  monkeys  and 
occasionally  to  still  lower  animals.  The  spirilloses  have  been  studied  in 
the  goose,  chicken,  several  wild  birds,  horses,  cattle,  sheep,  rats,  and  bats. 
Prior  to  the  work  of  Schaudinn  and  Hoffman  the  first  discovered  blood 
parasite — the  Spirillum  obermeieri — had  been  accepted  as  a bacterium. 
Schaudinn  threw  the  weight  of  his  authority  against  this  view,  holding 
that  they  were  animal  parasites;  this  has  been  very  generally  accepted. 
On  the  other  hand  Novy  still  believes  that  they  are  bacteria.  For  the 
present  the  question  must  be  regarded  as  undecided.  Many  forms 
possess  characters  in  common  permitting  the  recognition  of  groups,  for 
example,  those  of  the  several  relapsing  fevers,  and  in  another  group  the 
clearly  distinct  organisms  of  syphilis  and  of  yaws.  In  a few  groups, 
especially  some  of  those  occurring  in  lower  animals,  the  parasites  are  con- 
veyed from  infected  to  healthy  by  insects.  The  spirillosis  of  chickens 
due  to  the  Sp.  gallinarum  is  carried  by  a tick,  the  Argas  miniatus;  the 
spirillosis  of  cattle  caused  by  the  Sp.  theileri  is  transmitted  by  another 
tick,  the  Rhipicephalus  decoloratus.  One  of  the  spirilloses  occurring  in 
man,  a relapsing  fever  first  shown  to  belong  to  this  group  by  the  studies  of 
Ross  and  Milne  in  Uganda,  and  of  Dutton  and  Todd  in  Eastern  Congo,  is 
produced  by  the  Sp.  duttoni  and  conveyed  by  a tick  the  Ornithodoros 
moubata;  the  disease  has  been  called  “tick  fever.”  In  this  infection  it  has 
been  shown  that  at  their  first  feeding,  the  larvae  also  are  able  to  transmit 
the  disease. 

The  organisms  of  syphilis  and  yaws  are  clearly  distinct  from  the 
other  groups  above  mentioned,  and  for  these  Schaudinn  proposed  to 
create  a new  genus — Treponema.  In  accord  with  this  plan  the  parasite 
of  syphilis  is  now  known  as  the  Treponema  pallidum  and  that  of  yaws  as 
the  Treponema  pertenui.  Under  the  older  descriptions  the  name  used  for 
the  organism  found  in  syphilis  was  Spirochccta  pallida  and  in  yaws  Spiro- 
chcBta  pallidula. 

The  well-known  important  diseases  occurring  in  man  and  properly 

1 Popovitch,  Th&se  de  Paris,  1906;  Blanchard,  La  Sem.  Med.,  Jan.  3,  1906, 
No.  1;  Gonder,  Centralbl.  f.  Bakt.,  Bd.  xlix,  H.  2,  Feb.,  1909,  p.  190;  Swellcngrebel, 
Centralbl.  f.  Bakt.,  Bd.  xlix,  H.  4,  March,  1909,  p.  52. 
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regarded  as  spirilloses  are  the  relapsing  fevers,  Vincent’s  angina,  syphilis, 
and  yaws. 

Relapsing  fever,1  or,  as  the  identity  of  the  diseases  clinically  similar 
and  due  to  apparently  allied  organisms,  occurring  in  widely  separated 
districts  (Europe,  Asia,  Africa,  America)  has  not  been  established,  the 
relapsing  fevers,  is  due  to  delicate  spiral  organisms  usually  7 ;i  to  about  20  /z 
long  (rarely  solid  or  more  frequently  joined  filaments  attain  30  /z  to  40  a) 
and  0.25  to  0.3  /z  in  thickness.  Most  observers  believe  that  the  body 
of  the  spiral  is  round;  Darling  suggests  that  it  may  be  ribbon-shaped.  A 
terminal  whip  can  usually  be  distinguished;  other  flagella  have  not  been 
demonstrated.  The  number  of  turns  varies  from  four  to  eight  and  the 
length  of  each  turn  from  2 /z  to  3 /z.  Transverse  division  is  recognized  and 
longitudinal  has  been  described2  but  concerning  the  latter  all  observers 
are  by  no  means  agreed;  if  present  it  would  establish  the  protozoal  nature 
of  the  parasite.  Before  the  formation  of  antibodies  in  the  blood  and  in 
the  absence  of  retarding  fibrin  the  organisms  are  exceedingly  active,  and 


Fig.  64. — Spirochete  of  Relapsing  Fever  from  Blood  of  a Man.  ( Kolle  and  Wassermann.) 

often  cannot  be  followed  in  their  rapid  darting  motions.  When  not 
too  rapidly  advancing,  longitudinally  rotary  movement  is  evident  and  in 
addition  a variable  lateral  motion  can  be  recognized.  Monkeys  may  be 
inoculated  and  some  strains  infect  white  mice  and  white  rats.  The 
spirilli  have  been  cultivated  in  collodion  sacs  placed  in  the  abdominal 
cavities  of  rabbits  (Levaditi)  and  rats  (Novy).  In  fresh  blood  Novy  has 
kept  the  organisms  alive  forty  days. 

Demonstration. — The  number  of  parasites  in  the  peripheral  blood 
varies;  in  the  relapsing  fever  of  Europe  due  to  the  Sp.  obermeieri  they 

1 Novy  and  Knapp,  Jour,  of  Infect.  Dis.,  May,  1906,  p.  291;  Carlisle,  Jour. 
Infect.  Dis.,  May,  1906,  p.  233;  Novy  and  Knapp,  Jour.  Amer.  Med.  Assoc.,  Dec. 
29,  1906,  p.  2152;  Levaditi  and  Manouelian,  Ann.  de  l’lnst.  Pasteur,  April,  1907; 
Uhlenhuth  and  Haendel,  Amer.  Jour.  Med.  Sci.,  May,  1907,  p.  769;  Rabinowitsch, 
Virch.  Arch.,  Bd.  cxciv,  Beiheft,  1908;  Mackie,  New  York  Med.  Jour.,  Aug.  22, 
1908;  Fantham  and  Porter,  Royal  Soc.,  July  26,  1909;  Hoefer,  Centralbl.  f.  Bakt., 
Bd.  1,  1909,  p.  348;  Darling,  Arch,  of  Intern.  Med.,  Aug.,  1909,  p.  150;  Sergent 
and  Foley,  Ann.  de  l’lnst.  Pasteur,  May,  1910,  p.  337;  Balfour,  Jour.,  Royal  Army 
Med.  Corps,  Oct.,  1910,  p.  455;  Strong,  Philippine  Jour,  of  Sci.,  Sect.  B,  Med. 
Sci.,  June,  1909;  Tedeschi,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  1,  March,  1910,  p.  12; 
Christian,  Arch.  Intern.  Med.,  Jan.  15,  1911,  p.  x. 

2 Fantham  and  Porter,  Proc.  Royal  Soc.,  Nov.  23,  1910. 
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are  usually  much  more  abundant  than  in  the  cases  observed  by  Darling 
in  Panama.  In  the  former  many  may  be  present  in  a single  microscopic 
field;  in  the  latter  only  two  or  three  may  be  found  in  a slide.  They  are 
abundant  during  the  crisis  and  not  demonstrable  in  the  nonfebrile  period. 
In  order  to  demonstrate  the  presence  of  the  organism  in  the  blood,  the 
finger  or  lobe  of  the  ear  is  properly  cleansed,  disinfected,  and  pricked 
with  a needle.  (See  Part  II,  chapter  on  Diseases  of  the  Blood.)  A 
drop  of  blood  is  received  on  a slightly  warmed  slide  and  a cover-glass 
is  at  once  applied.  As  soon  as  the  blood  flows  near  the  margin  of  the 
cover-glass  a ring  of  cedar  oil  or  vaselin  should  be  painted  around  the 
cover  in  order  to  prevent  too  rapid  drying  during  the  progress  of  the 
examination.  As  the  organism  possesses  a transverse  diameter  approxi- 
mately that  of  the  cholera  spirillum,  it  will  be  necessary  to  conduct  the 
examination  with  high  powers.  Often  the  presence  of  spirilla  is  first 
indicated  by  agitation  of  the  corpuscular  elements.  At  first  the  spirilla 
may  be  too  active  to  be  readily  focused  upon,  but  in  a short  time  they 
become  sufficiently  quiet  to  permit  examination.  Just  before  and  during 
the  crisis  the  number  of  spirilla  may  approach  one  organism  for  every 


Fig.  65. — Spirillum  and  Fusiform  Bacillus  of  Vincent;  Other  Organisms  are  also  Present. 

( From  case  reported  by  Dr.  Rosenberger.) 

twenty  erythrocytes.  After  the  disappearance  from  the  peripheral  cir- 
culation Metchnikoff  has  succeeded  in  demonstrating  them  in  the  splenic 
pulp.  In  moist  films  or  in  suspension  in  normal  salt  solution  the  motility 
may  be  evident  for  hours.  The  organism  is  evidently  destroyed  by  a 
comparatively  low  temperature,  a fact  which  has  been  taken  to  indicate 
the  absence  of  spores,  and  also  as  supporting  the  belief  that  it  is  an  animal 
parasite.  Dry  films,  prepared  as  described  in  the  chapter  on  The  Blood, 
may  be  stained  as  directed  for  bacteria.  It  stains  by  the  same  methods 
as  the  organism  found  in  syphilis,  and  also  by  the  methods  of  Wright  and 
Leishman;  aqueous  solutions  of  gentian-violet,  Bismarck  brown,  or  fuchsin 
may  be  used 'but  are  less  satisfactory. 

Pathogenesis. — As  already  stated  one  form  of  relapsing  fever  (“tick 
fever”)  has  been  shown  to  be  propagated  by  an  insect.  It  is  not  known 
that  all  cases  are  similarly  produced  or  that  the  different  “strains”  of 
parasites  are  subject  to  identical  or  even  analogous  methods  of  dissemina- 
tion. Any  blood-sucking  insect  might  readily  be  a carrier;  bed-bugs  or 
lice  may  be  responsible  and  when  crushed  liberate  the  infecting  organisms 
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which  enter  through  scratches  or  other  abrasions.  It  is  not  absolutely 
necessary  to  assume  that  infection  results  directly  from  bites,  although 
such  may  be  the  case. 

The  morbid  anatomy  of  relapsing  fever  possesses  nothing  distinctive. 
Frequently  the  skin  manifests  a striking  but  not  intense  yellowish  hue. 
Various  changes — fatty  and  granular — have  been  described  in  the  heart; 
the  spleen  is  enlarged  and  softened,  the  follicles  swollen,  and  the  pulp 
darker  than  normal.  The  liver  may  be  enlarged,  the  cells  fatty  and  granu- 
lar, and  in  some  cases  round-cell  infiltration  occurs  in  the  neighborhood 
of  the  portal  vein.  Granular  and  fatty  changes,  sometimes  with  hemor- 
rhages, are  found  in  the  kidney.  In  some  cases  the  interstitial  tissue  is 
infiltrated,  but  the  change  is  not  characteristic. 

Ulcero -membranous  stomatitis  or  angina,  also  called  diphtheroid 
angina  and  angina  of  Vincent,1  is  a disease  affecting  particularly  the 
tonsils  and  uvula,  less  commonly  the  gums,  oral  and  pharyngeal  mucosa 

or  lips;  it  is  characterized  by  the  forma- 
tion of  a superficial  membrane,  and,  in 
marked  cases,  necrosis  extending  into  the 
submucosa.  In  severe  infection  parts  of 
the  uvula  may  be  destroyed.  The  mem- 
brane is  yellow,  or  greenish-yellow,  and 
when  detached  leaves  a bleeding  or 
eroded  surface;  glandular  enlargement  is 
variable.  In  addition  to  Angina  Vin- 
centi,  stomatitis  ulceromembranosa,  noma, 
and  other  buccal  and  pharyngeal  lesions, 
Vincent  believes  that  pulmonary  gangrene 
and  hospital  gangrene  may  be  due  to  the 
same  organisms.  The  strange  symbiotic 
parasites  consist  of  a spirillum  and  a 
fusiform  bacillus.  The  actively  motile 
spirillum  varies  in  length  from  io  //to  30 
//,  and,  like  the  organism  found  in  relaps- 
ing fever,  is  extremely  tenuous  and  never  stains  with  the  same  in- 
tensity as  the  symbiotic  bacillus.  The  spirillum  is  associated  with  a 
fusiform  rod-shaped  organism  (Bacillus  fusiformis)  5 /*  to  10  /t  in  length 
and  0.6  \x  at  its  widest  point.  Several  investigators  have  succeeded  in 
growing  the  fusiform  bacillus  in  pure  culture;  the  spiral  organism  has 
not  been  obtained  separately.  Tunnicliff  in  cultures  of  the  bacillus  has 
observed  spiral  forms  and  believes  these  to  be  developed  from  the  bacilli. 
Vincent  strongly  opposes  any  suggestion  that  the  two  organisms  are 
forms  or  evolutionary  stages  in  the  history  of  a single  germ.  Wright 
believes  that  the  fusiform  organism  is  not  a bacillus,  and  calls  attention 
to  the  fact  that  the  incessant  whip-like  movements  of  the  spirillum  vividly 
recall  the  actively  moving  flagellate  bodies  seen  in  malarial  blood;  he 
suggests  that  both  organisms  may  be  modifications  or  stages  in  the 
evolution  of  the  same  parasite. 

Syphilis,2  Lues  or  Lues  venerea,  pox  or  sometimes  great  pox,  are  names 

1 See  also  works  referred  to  in  foot-note,  p.  41.  Veszpremi,  Centralbl.  f.  Bakt., 
Bd.  xxxvii,  1905,  p.  136;  Vincent,  Munch,  med.  Woch.,  1905,  No.  27,  also  Ann. 
d.  Derm,  et  d.  Syph.,  May,  1905;  Tunnicliff,  Jour,  of  Infect.  Dis.,  March,  1906, 
p!  148;  Ciosta,  C.  R.  Soc.  Biol.,  t.  lxvii,  1909,  p.  317. 

2 The  literature  of  syphilis  is  most  voluminous.  The  reader  will  find  in  D’Arcy 


Fig.  66.- — Treponema  Pallidum. 

Left  half,  Giemsa  stain,  spread  from 
congenital  syphilis;  right  half,  Levaditi 
stain  of  section  of  lung,  congenital 
syphilis;  this  (silver  method)  makes 
the  organisms  appear  much  broader. 
A,  Pairs  united  at  one  end.  B,  Twis- 
ted pairs.  C,  Double  length,  appar- 
ently dividing  form. 
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applied  to  the  manifestations  of  infection  by  the  Treponema  pallidum 
previously  called  Spirochaeta  pallida.  Practically  all,  except  their  dis- 
coverers, have  given  up  advocating  other  alleged  parasites  and  accepted 
the  treponema  as  the  cause  of  syphilis.  This  organism  has  been  identified 
in  syphilitic  lesions,  both  natural  and  experimental,  and  has  not  been 
found  in  any  other  infection.  The  parasite  may  also  be  found  in  the 
fluids  aspirated  from  enlarged  glands  and  in  the  curetings  and  expressed 
juices  of  the  initial  lesion.  It  is  4 ;x  to  20  u in  length  and  does  not  exceed 
0.5  //in  diameter;  it  is  actively  motile,  rotating  on  its  axis,  bending,  short- 
ening, and  lengthening  the  spirals.  When  first  described  Schaudinn 
thought  that  an  undulating  membrane  might  be  present.  Such  a 
structure,  however,  has  not  been  generally  conceded.  The  ends  of  the 
organism  taper  into  delicate  flagella,  one  at  each  end.  Attempts  to 
cultivate  the  parasite  on  ordinary  media  have  uniformly  failed.  Levaditi 
and  McIntosh1  secured  cultures  in  collodion  sacs  placed  in  the  abdominal 
cavity  of  a monkey  and  later  in  the  peritoneum  of  the  rabbit.  These 
cultures  were  not  pure.  Schereschewsky  and  more  recently  Miihlens2 
have  obtained  cultures  on  horse  serum,  and  horse-serum-agar.  Muhlen 
claims  to  have  obtained  pure  cultures. 

In  the  superficial  lesions  of  syphilis  the  parasite  is  associated  with  a 
larger  and  more  readily  stained  spirochaeta  (Spirochaeta  refringens) ; 
the  latter  has  not  been  found  in  the  deeper  syphilitic  lesions,  and  is 
believed  to  have  no  etiologic  connection  with  the  disease.  Before  the 
discovery  of  the  cause  of  syphilis,  Bertarelli,  Haensell,  and  others  claimed 
to  have  transmitted  the  infection  to  rabbits,  horses,  and  other  animals 
and  Metchnikoff  and  Roux  had  infected  the  chimpanzee.  The  last- 
named  observers  have  extended  their  experiments  to  monkeys  and 
Schucht3  has  confirmed  the  claims  of  Haensell  and  Bertarelli.  Hoffmann 
and  Bruening4  have  successfully  inoculated  the  eyes  of  rabbits  and  dogs. 
Hoffmann5  has  infected  guinea-pigs.  Treponema  pallidum  has  been 
demonstrated  in  the  lesions  of  primary,  secondary,  and  even  tertiary 
syphilis  with  such  frequency,  almost  constancy,  as  to  leave  no  doubt  of  its 
relation  to  the  disease. 

Demonstration ,6 — The  organism  is  difficult  to  stain;  indifferent  results 
are  obtained  by  the  use  of  anilin-oil-gentian-violet  solution,  and  most  of 
the  ordinary  bacterial  stains  are  unsatisfactory.  For  its  demonstration 
the  discoverers  recommend  the  following:  Giemsa’s  eosin  solution 

Power  and  J.  Keogh  Murphy’s  A System  of  Syphilis,  1908,  and  Levaditi  and  Roche’s 
La  Syphilis,  Paris,  1909,  most  advanced  presentations  of  the  subject.  The  following 
may  also  be  consulted:  Ewing,  New  York  State  Jour,  of  Med.,  May,  1907,  p.  177; 
Levaditi  and  Yamanouchi,  Ann.  de  l’lnst.  Pasteur,  Oct.,  1908;  Hoffmann,  Atlas  der 
atiologischen  u.  exper.  Syphilisforch.,  1908;  Herxheimer,  Ergeb.  d.  Allg.  Path.  u. 
Path.  Anat.,  Lubarsch  and  Ostertag,  1908,  p.  499:  Harris,  Jour.  Amer.  Med.  Assoc., 
Sept.  4,  1909;  Selenew,  Centralbl.  f.  Bakt.,  Bd.  liv,  H.  1,  March,  1910,  p.  7. 

1 Ann.  de  l’lnst.  Pasteur,  Oct.,  1907. 

2 Deut.  med.  Woch.,  Sept.  23,  1909. 

3 Munch,  med.  Woch.,  Jan.  15,  1907. 

4 Deutsche  med.  Woch.,  April  4,  1907. 

6 Deutsche  med.  Woch.,  June  2,  1910. 

8 Goldhorn,  Jour.  Exper.  Med.,  May  25,  1906,  p.  451;  Eitner,  Munch,  med. 
Woch.,  April  16,  1907;  Swellengrebel,  Centralbl.  f.  Bakt.,  1908,  Bd.  xlix,  p.  529; 
Yamamoto,  Centralbl.  f.  Allg.  Path.,  Bd.  xx,  No.  4,  1909,  p.  153;  Barannikoff, 
Centralbl.  f.  Bakt.,  Bd.  1,  H.  2,  May,  1909,  p.  263;  Giemsa,  Deut.  med.  Woch., 
1909,  p.  1751;  Coles,  Brit.  Med.  Jour.,  May  8,  1909,  p.  1117;  Bayly,  Practitioner, 
Feb.,  1910,  p.  228:  Scholtz,  Deut.  med.  Woch.,  Feb.  3,  1910;  Giemsa,  Centralbl. 
f.  Bakt.,  r,  Orig.,  Bd.  liv  1910,  p.  489. 
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(2.5  c.c.  of  a one  per  cent,  solution  of  eosin  in  500  c.c.  of  water),  12  parts; 
azure  I (1  to  1000  aqueous  solution),  3 parts;  azure  II  (0.8  to  1000  aque- 
ous solution),  3 parts;  the  prepared  stain  does  not  keep.  Air-dried,  thinly 
spread  films  are  fixed  in  absolute  alcohol  for  ten  minutes  and  left  in  the 
stain  twenty-four  hours,  washed  in  water,  dried  in  the  air,  and  examined 
in  cedar  oil.  Giemsa’s  solution  may  be  obtained  from  Griibler.  Leishman’s 
blood  stain  and  Wright’s  stain  (see  Chapter  on  Diseases  of  the  Blood)  give 
fair  results.  Schereschewsky’s  method  has  many  ardent  advocates;1  air- 
dried  films  are  passed  through  the  flame  three  times;  thirteen  drops  of 
Giemsa’s  stain  (Griibler)  are  added  to  10  c.c.  of  a 0.5  per  cent,  aqueous  solu- 
tion of  glycerin  in  a scrupulously  clean  test-tube;  heat  to  boiling  and 
apply  to  film  for  three  to  five  minutes;  wash  in  distilled  water  and  dry 
rapidly  in  air.  Repeat  the  procedure  at  least  once  and  oftener  if  the  film 
is  not  distinctly  pink.  Burri  renders  the  parasite  evident  by  partly 
opaquing  the  ground  of  the  field.  For  this  purpose  a drop  of  fluid  ex- 
pressed from  the  suspected  tissue  is  mixed  with  an  equal  bulk  of 
India  ink,  quickly  smeared  in  a very  thin  la)^er,  very  much  as  blood 
smears  are  made,  dried  and  examined  with  an  oil  immersion  objective. 
The  organisms  appear  white  in  a black  or  grayish  field.  One  of  the  best 
means  of  demonstrating  the  treponema  and  the  only  method  by  which  the 
living  organism  can  be  seen  clearly,  is  the  dark-field  illuminating  micro- 
scope. Any  good  stand  may  be  fitted  with  a proper  lens  and  condenser 
applicable  to  this  purpose.  Dealers  furnish  outfits  and  adequate  direc- 
tions for  use  of  the  appliances.  The  Treponema  pallidum  in  tissues  is 
most  difficult  to  stain  and  is  best  demonstrated  by  one  of  the  silver  im- 
pregnation methods.  Fresh  tissue  is  fixed  in  ten  per  cent,  formalin;  the 
pieces  should  be  small,  not  exceeding  2 to  4 mm.  in  thickness.  The  fixa- 
tion should  last  twenty-four  hours;  tissue  to  be  examined  ma}^  be  left  in 
the  fixing  fluid  until  wanted.  Wash  in  water,  place  in  ninety  per  cent, 
alcohol  for  twenty-four  hours,  and  transfer  through  two  changes  of  water 
until  specimen  sinks.  Place  the  specimen  in  a glass-stoppered  bottle  con- 
taining three  per  cent,  aqueous  solution  of  silver  nitrate  and  keep  in  dark  at 
3 7. 50  for  three  to  five  days.  Wash  in  distilled  water,  several  changes,  and 
transfer  to  a developing  solution  composed  of  pyrogallic  acid  3 gm., 
water  100  c.c.,  and  (added  last)  formalin  5 c.c.,  for  thirty  to  forty  hours  at 
room  temperature.  Wash  in  water,  dehydrate,  clear,  imbed  in  paraffin, 
and  cut.  Sections  may  be  counterstained  with  carmin,  hematoxylin, 
or  basic  anilin  dyes,  although  this  is  not  necessary.  The  parasites  are 
rendered  opaque  and  consequently  appear  black  by  transmitted  light. 
The  silver  impregnation,  omitting  the  formalin  and  alcohol,  may  be  applied 
to  films.  Stern2  dries  the  film  in  air  and  in  incubator,  and  immerses  it  in 
a clear  glass  vessel  containing  ten  per  cent,  aqueous  solution  of  silver 
nitrate;  this  is  placed  in  diffuse  light  until  a metallic  luster  appears  on  the 
surface  and  the  film  becomes  faintly  brown.  The  parasites  are  black  or 
brownish-black  by  transmitted  light,  and  appear  larger  than  when  stained 
with  transparent  dyes.  Readers  desiring  a knowledge  of  other  methods 
should  consult  the  references  given. 

Syphilis  may  be  inherited  or  acquired.  Hereditary  syphilis3  may  re- 

1 White  and  Avery,  Arch,  of  Intern.  Med.,  June  15,  1909. 

2Berliner  klin.  Woch.,  No.  44,  1907,  p.  400. 

3 Levaditi,  Ann.de  l’lnst.  Pasteur,  Jan.  25,  1906;  Rolleston,  Brit.  Med.  Jour., 
Feb.  10,  1906;  Schultz,  Jour.  Med.  Research,  Dec.,  1906;  Mohn,  Zeitsch.  f. 

Geburtsh.  u.  Gynakol.,  1907,  lix,  2;  Bab,  Zeitsch.  f.  Geburtsh.  u.  Gynakol.,  1907, 
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suit  from  parental  infection  of  the  ovum  or  spermatozoon,  or  the  mother 
may  infect  the  fetus  by  syphilis  acquired  after  impregnation.  Syphilis 
transmitted  to  the  child  during  delivery  is  an  acquired  form  of  the  disease. 

Syphilitic  poison  exerts  a deleterious  influence  on  the  developing 
infant,  which,  as  a result,  not  uncommonly  dies;  fibroid  and  thrombotic 
processes  occur  in  the  placenta  or  maternal  sinuses  and  interfere  with 
proper  nutrition  of  the  child  A large  percentage  of  syphilitic  women 
abort;  when,  however,  the  offspring  survives,  it  is  frequently  ill-nourished, 
wasted,  and  may  be  born  with  some  of  the  external  manifestations  of 
syphilis,  or  these  may  develop  later.  At  birth  there  may  be  numer- 
ous blebs  on  the  skin  with  areas  in  which  the  surface  is  excoriated,  re- 
sembling the  cutaneous  maceration  seen  in  still-born  infants.  A catarrhal 
rhinitis  (snuffles)  and  other  disturbances  of  the  mucous  membranes 
may  be  present.  The  pathognomonic  eruption  of  hereditary  syphilis  is  a 
pemphigus,  which  may  be  present  at  birth;  in  the  affected  areas  the  epi- 
dermis is  elevated,  giving  rise  to  characteristic  blebs  containing  a sanguin- 
olent  or  greenish  fluid.  Pustular  eruptions  resembling  the  skin  lesions  of 
variola  sometimes  occur.  The  vesicular  pemphigus  is  most  frequent  on 
the  palms  and  soles,  and  the  pustular  form  on  the  buttocks  and  around  the 
genitalia;  erythematous  rashes  are  common.  Paronychia,  dactylitis,  and 
interstitial  keratitis  further  illustrate  the  protean  nature  of  the  affection. 
A characteristic  form  of  osteochondritis  develops  in  the  epiphyseal  junc- 
tion of  the  long  bones.  On  section,  these  structures,  particularly  the 
lower  end  of  the  femur,  the  apophyso-epiphyseal  junction,  is  broadened, 
yellowish  in  color,  and  may  contain  areas  of  pus-like  softening;  this  condi- 
tion is  called  syphilitic  osteochondritis.  Microscopically  the  zone  of  de- 
veloping bone  is  broadened,  irregular,  contains  an  excess  of  embryonal 
and  giant  cells,  and  while  at  first  the  calcific  deposit  is  excessive,  later 
calcification  ceases  and  the  previously  deposited  lime  salts  may  be  ab- 
sorbed. The  epiphyses  may  be  enlarged  and  occasionally  they  separate 
from  the  shafts  (epiphyseolysis).  Marfan  found  that  in  one-half  of  the 
cases  of  congenital  syphilis  the  spleen  is  increased  in  size,  and  that  splenic 
enlargement  in  infants  is  most  commonly  due  to  syphilis.  The  liver  in 
hereditary  syphilis  is  usually  larger  than  normal  as  a result  of  diffuse  inter- 
stitial hepatitis  with  or  without  gummata.  Stoerk1  reports  an  instance  of 
renal  hypoplasia  attributed  to  congenital  syphilis.  Massalongo2  and 
Guthrie3  have  reported  chronic  interstitial  nephritis  and  Coupland4 
and  Stroeb5  record  instances  of  acute  interstitial  nephritis  in  congenital 
syphilis;  Speiss6  found  renal  disease  in  ten  of  thirty-four  syphilitic 
children.  Barlow,7  Chiari,8  and  others  have  reported  true  arteritis 
occurring  in  congenital  syphilis  and  leading  to  various  visceral  altera- 

lx,  2;  Carpenter,  Brit.  Jour,  of  Children’s  Dis.,  Feb.,  1908;  Lucas,  Brit.  Med. 
Jour.,  Feb.  1,  1908,  p.  250;  Grafenberg,  Arch.  f.  Gynakol.,  1908,  lxxxvii,  1;  Pauli, 
Johns  Hopkins  Hosp.  Bull.,  Nov.,  1908;  M’Intosh,  Jour.  Path,  and  Bact.,  Jan., 

1909,  p.  240;  Baisch,  Munch,  med.  Woch.,  Sept.  21,  1909;  Shaw,  Lancet,  July  2, 

1910,  p.  26;  Trimchese,  Munch,  med.  Woch.,  March  15,  1910,  p.  570. 

1 Wien.  klin.  Woch.,  1901,  No.  41. 

2 International  Congress,  Rome,  1894. 

3 Report  of  the  Society  for  the  Study  of  Diseases  in  Children,  1901,  p.  69. 

4 Trans.  Path.  Soc.  of  London,  1876,  vol.  xxvii,  p.  303. 

3 Centralbl.  f.  allg.  Path.,  1891,  vol.  ii,  p.  1009. 

6 Inaug.  Diss.,  Berlin,  1877. 

7 Trans.  Path.  Soc.  of  London,  vol.  xxviii,  p.  287. 

8 Wien.  klin.  Woch.,  1898. 
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tions  due  to  interference  with  blood-supply.  The  teeth  erupt  irregularly, 
develop  unevenly,  are  structurally  altered,  and  frequently  decay  early. 
One  of  the  most  characteristic  lesions  of  hereditary  syphilis  is  seen  in 
the  upper  permanent  median  incisors.  These  are  peg-like,  short,  and  the 
cutting-edge  marked  by  a crescentic  excavation.  According  to  Paton,1 
hereditary  syphilis  may  cause  the  following  joint  manifestations:  (i) 
simple  synovial  effusion;  (2)  joint  disease  associated  with  syphilitic  epiphy- 
sitis;  (3)  primary  gummatous  infiltration  of  the  synovial  membrane;  (4) 
osteitis  associated  with  effusion  only;  (5)  osteitis  with  gummatous  disease 
of  the  synovial  membrane;  this  variety  has  been  termed  pseudo-white- 
swelling; (6)  deforming  arthritis  or  the  deforming  arthropathy  of  Fournier. 
Orchitis  was  present  in  5 of  Still’s2  64  cases.  Oligocythemia  and  oligochro 
memia  are  commonly  marked.  Mucous  patches  are  almost  always  present 
and  deep  refractory  fissures  at  the  angle  of  the  mouth  may,  on  healing, 
leave  radiating  scars. 

Fournier’s3  statistics  show  what  a disastrous  influence  syphilitic 
poison  exerts  on  gestation  and  on  the  infant.  In  366  pregnancies  there 
were  115  abortions,  and  174  of  the  infants  bom  alive  died  during 
the  first  years  of  life;  31  (8.5  per  cent.)  of  the  remainder  were  in  good 
health.  In  45,  mental  and  physical  development  was  retarded;  43 
showed  lesions  of  the  skeleton;  in  42  there  was  ocular  disease.  The 
nervous  system  was  affected  in  39.  He  also  records  19  observations 
clearly  establishing  that  inherited  syphilis  may  be  transmitted  to  the  off- 
spring. Of  the  333  pregnancies  recorded  by  Neumann,4  156  terminated 
in  abortion;  24  children  were  still-born,  43  were  syphilitic,  and  79  showed 
no  evidence  of  the  disease. 

Although  acquired  syphilis  is  essentially  a venereal  disease,  Buckley5 
has  been  able  to  collect  over  9000  cases  of  extragenital  infection.  In 
4634  cases  of  syphilis  Neumann6  found  207  instances  of  extragenital, 
and  157  of  perigenital  chancre;  of  the  former,  106  were  on  the  lips  and 
27  on  the  hands. 

Syphilitic  manifestations  may  be  grouped  in  seven  stages:  (1)  local 
incubation,  (2)  period  of  initial  lesion,  (3)  secondary  or  systemic  incuba- 
tion, (4)  period  of  secondary  symptoms,  (5)  intermediate  period,  (6) 
tertiary  period,  (7)  period  of  parasyphilitic  manifestations.  These 
arbitrary  divisions  commonly  made  by  systematic  writers  are  convenient 
for  descriptive  purposes,  but  often  the  disease  is  disinclined  to  follow 
them.  The  period  of  incubation  varies  from  ten  days  to  six  weeks, 
averaging  about  three  weeks.  The  secondary  symptoms  come  on  in 
about  six  weeks  to  two  months  after  the  beginning  of  the  chancre,  and 
last  from  two  weeks  to  three  years.  The  intermediate  period  is  of  in- 
definite duration  and  often  absent.  The  tertiary  and  parasyphilitic  mani- 
festations are  essentially  late  and  permit  of  no  trustworthy  statement 
as  to  their  duration.  The  lesions  occurring  in  the  parasyphilitic  stage 
of  syphilis  are  differentiated  from  all  the  earlier  manifestations  by  the 
fact  that  they  are  uninfluenced  by  the  usual  antisyphilitic  remedies. 

Morbid  Anatomy.— The  initial  lesion  of  syphilis — the  chancre — 

1 Brit.  Med.  Jour.,  Nov.  28,  1903,  p.  1389. 

2 Lancet,  Nov.  19,  1904. 

3 Societe  Francaise  de  Dermatologie  et  de  Syphiligraphie,  July  6,  1904. 

4 Wien.  klin.  Woch.,  No.  20,  1904,  p.  262. 

5 Syphilis  of  the  Innocent,  p.  30. 

G Wien.  klin.  Woch.,  Sept.  25,  1902,  p.  1001. 
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occurs  at  the  point  of  inoculation,  and  is  usually  solitary,  although 
Pierron1  records  an  instance  of  six  separate  chancres  on  the  penis.  Quey- 
rat2  reported  a case  in  which  1 1 chancres  developed  in  succession.  Metch- 
1 nikoff  inoculated  an  ape  on  October  26  and  again  on  November  5, 
1904;  a chancre  at  the  point  of  first  inoculation  appeared  in  twenty-six 
days,  and  a second  chancre  followed  twenty  days  after  the  second  in- 
oculation. These  and  similar  observations  show  that  insusceptibility 
to  further  infection  is  not  coincident  with  the  appearance  of  the  initial 
lesion.  Rarely  no  initial  lesion  is  observed,  cryptogenic  syphilis,  syphilis 
d’emblee  of  the  French.  Most  interesting  cases  of  this  kind  have  been 
reported  by  Waelsch.3 

Histologically  the  chancre 4 consists  essentially  of  a new  growth  in  the 
skin  or  mucous  surface,  followed  by  hyaline,  degenerative  and  necrotic 
processes,  which  usually  terminate  in  ulceration.  The  first  changes 
occur  at  the  point  of  infection,  and  consist  of  slight  edema  which  be- 
comes more  marked  and  contains  demonstrable  fibrin;  this  serous  exudate 
extends  into  the  underlying  connective  tissue  and  is  promptly  followed 
by  a cellular  infiltration  composed  of  plasma  and  typical  lymphoid  cells, 
and  round  cells  containing  vesicular  nuclei;  in  the  absence  of  mixed 
pyogenic  infection  polymorphonuclear  leukocytes  are  not  present  in  note- 
worthy numbers.  The  cellular  accumulation  is  most  conspicuous  around 
the  capillaries  and  small  veins,  in  both  of  which  thrombi  form;  the  vas- 
cular endothelium  proliferates.  Over  the  center  of  the  chancre  the  epi- 
dermal strata  are  thinned,  while  at  its  margin  the  epithelium  proliferates. 
The  mass  is  now  an  indurated  node,  the  firmness  of  which  constitutes  one 
of  its  most  characteristic  features,  hence  the  name  “hard  chancre.”  The 
extreme  hardness  of  the  mass  is  often  useful  in  differentiating  the  lesion 
from  ulcerative  or  inflammatory  processes  arising  from  other  causes. 
When  the  process  is  associated  with  a mixed  infection,  inducing  rapid 
necrosis  and  liquefaction  of  the  proliferate,  induration  is  sometimes  in- 
conspicuous, or  may  even  be  absent.  The  view  that  absence  of  indura- 
tion depends,  to  a certain  extent,  upon  the  character  of  the  tissue  infected, 
does  not  seem  to  be  tenable,  as  so  distinguished  an  observer  as  Hutchinson 
maintains  that  any  tissue  may  suffer  induration,  and  that  chancre  in  any 
area  is  commonly  associated  with  the  occurrence  of  this  phenomenon. 
As  the  blood-vessels  are  the  seat  of  endothelial  proliferation  and  throm- 
bosis, the  blood-supply  is  proportionately  lessened,  leading  to  liquefaction 
necrosis  of  the  overlying  epithelium;  an  ulcer  does  not  always  form,  lique- 
faction necrosis  does  not  always  occur,  and  occasionally  a chancre  will  be 
observed  in  which  the  epithelial  covering  remains  unbroken.  When 
ulceration  occurs,  a cup-like  or  scooped-out  ulcer  forms,  its  edges  are  not 
undermined,  and  it  is  not  likely  to  be  sloughing  or  phagedenic.  With 
the  subsidence  of  cellular  infiltration,  repair  begins;  the  fluid  exudate  and 
cells  are  removed,  fibroblasts  are  formed,  and  gradually  resolution  is 
accomplished. 

Associated  with  the  initial  lesion,  the  nearest  anatomic  lymph-nodes 
show  the  alterations  incident  to  infection.  In  some  instances  the  local 

1 Arch,  de  Med.  et  de  Pharm.  Mil.,  No.  2,  1903. 

2 Lancet,  Sept,  xo,  1904,  p.  779. 

3 Munch,  med.  Woch.,  April  27,  1909. 

4 Recent  literature  on  histology  of  chancre,  see  Arnal  and  Salmon,  Ann.  de  l’lnst. 
Pasteur,  July  25,  1904,  p.  465;  Ehrman,  Arch.  d.  Dermat.  u.  Syph.,  1904,  lxviii,  No. 
1;  Bose,  C.  R.  Soc.  de  Biol.,  1904,  vol.  lvii,  p.  104. 
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lymphatic  involvement  usually  manifested  during  the  activity  of  the 
initial  lesion  escapes  observation,  or  possibly  it  is  not  present.  During 
this  process  the  lymphoid  structures  proliferate  and  become  more  or  less 
edematous,  thereby  bringing  about  induration  and  considerable  enlarge- 
ment of  the  lymph-nodes  functionally  nearest  the  initial  lesion.  If  pyo- 
genic bacteria  gain  ingress  through  the  ulcer  or  by  other  routes,  the  glandu- 
lar swelling  and  hyperplasia  may  terminate  in  suppuration;  when  sup- 
puration does  not  ensue,  which  is  usually  the  case,  the  infiltration  and 
induration  gradually  subside. 

Following  the  phenomena  just  described,  a stage  of  apparent  quies- 
cence ensues,  which,  as  in  other  infective  diseases,  constitutes  the  period 
of  systemic  incubation.  This  persists  for  from  ten  days  to  six  months; 
the  extremes  given  are  unusual,  the  secondary  phenomena  commonly  mani- 
festing themselves  in  about  six  weeks.  The  lymph-nodes  (it  is  probable 
that  all  the  lymphatic  structures  participate;  certainly,  all  that  can  be 
discerned  from  the  surface)  show  a varying  amount  of  induration  and 
swelling;  not,  however,  exhibiting  any  tendency  to  suppuration.  The 
affected  lymph-nodes  are  freely  movable,  manifest  no  disposition  to 
become  confluent  or  adherent  to  adjacent  structures,  and  vary  in  density 
from  relatively  soft  masses  to  extreme  induration.  Syphilis  has  now 
passed  into  the  secondary  stage,  and  multiple  cutaneous  lesions  occur; 
these  are  clinically  important,  but  pathologically  they  are  not  essentially 
different  from  many  skin  lesions  that  arise  independent  of  syphilis.  Syph- 
ilitic eruptions  are  commonly  characterized  by  their  polymorphism  and 
their  symmetric  distribution.  The  exanthem  is  not  restricted  to  the  skin, 
but  appears  also  on  the  mucous  membranes.  The  cutaneous  and  mucous 
lesions  of  secondary  syphilis  usually  involve  the  superficial  layers  of  the 
mucosa  and  the  skin,  rarely  extending  sufficiently  deep  to  justify  their 
being  considered  ulcerative.  During  this  stage,  usually  at  its  be- 
ginning, there  is  commonly  malaise  and  slight  fever  ( syphilitic  fever). 
The  intensity  of  the  infectious  processes  may  be  further  indicated  by  the 
occurrence  of  inflammation  of  the  iris  or  retina,  joint  and  bone  pains, 
splenic  and  hepatic  enlargements,  and  alopecia.  Endarterial  inflamma- 
tions and  phlebitis  are  occasionally  observed.  Thibierge  and  Ravaut1 
report  a multiple  phlebitis,  the  parasite  being  present  in  the  wall  of  an 
excised  vein. 

A most  conspicuous  lesion  of  this  stage  is  the  so-called  mucous  patch. 
This  appears  on  the  mucosa  of  the  mouth,  on  the  genital  mucous  mem- 
branes, and  upon  the  anal  mucosa;  a similar,  if  not  identical,  lesion  is  seen 
on  the  skin  near  the  anus.  A typical  mucous  patch  rarely  attains  a 
maximum  diameter  of  i cm.  and  is  sometimes  covered  by  a bluish-white 
membrane,  in  which  case  it  is  called  an  opaline  patch.  These  patches 
result  from  superficial  necrosis  and  exfoliation  of  the  epidermis  involving 
part  of  the  Malpighian  layer,  with  degenerative  and  proliferative  changes 
in  the  latter;  there  is  also  more  or  less  infiltration  of  the  underlying 
connective  tissue.  The  round-cell  elements  present  in  the  base  of  the 
ulcer  are  never  so  abundant  as  in  the  initial  sore;  the  resemblance,  how- 
ever, is  striking,  and  the  essentially  infectious  nature  of  the  lesion  is 
further  indicated  by  the  fact  that  the  disease  may  be  as  readily  communi- 
cated by  the  discharges  from  such  surfaces  as  from  the  initial  lesions. 
The  spirochaeta  described  by  Schaudinn  and  Hoffmann  is  present  in  the 
primarily  enlarged  lymph-nodes,  the  general  lymphatic  enlargements,  and 
1 Soc.  med.  d.  Hop.  d.  Paris,  April  8,  1910. 
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in  the  mucous  patches.  Females  transmit  syphilis  more  frequently  by 
the  last-named  lesions  affecting  the  vulva  and  vagina  than  by  the  chan- 
cre, and  syphilis  of  the  innocent  is  usually  the  result  of  contact,  immediate 
or  mediate,  with  the  highly  infective  discharges  from  mucous  patches. 
Instruments,  soiled  linen,  dressings,  drinking  cups,  knives,  forks,  and 
spoons  may  be  carriers  of  the  poison,  which  has  also  been  transmitted  by 
the  tattooing  needle,  communion  cup,  and  by  kissing. 

The  tertiary  lesions,  which  are  pathognomonic,  are  the  gummata, 
syphilomata,  or  granulation  tumors  of  syphilis.  Gummata  are  developed 
as  masses  of  embryonic  cells,  containing  lymphoid  and  epithelioid  cells, 
with  a very  slight  amount  of  trabeculae;  occasionally,  giant  cells  are 
present;  coagulation  necrosis,  hyalin  degeneration,  and  fatty  change 
may  cause  the  center  to  resemble  caseous  material.  Rarely  a true 
caseation,  indistinguishable  from  that  seen  in  tuberculosis,  occurs.  The 
retrograde  changes  attacking  gummata  are  necroses  rather  than  de- 
generations, and  are  probably  due  to  the  syphilitic  poison  and  not  to  the 
obliterative  processes  affecting  the  native  and  newly  formed  vessels 
in  the  growth;  both  the  vascular  alterations  and  the  necrosis  are  due 
to  the  same  cause.  Occasionally  secondary  infection  may  give  rise 
to  suppuration.  When  superficially  situated,  necrosis  of  the  overlying 
tissue — skin  or  mucous  membrane — leads  to  additional  infection  and 
consequently  to  suppuration.  With  destruction  of  the  overlying  tissue 
there  commonly  appears  a central  necrotic  core,  which  separates  slowly. 
In  the  absence  of  treatment  the  necrosis  (ulceration)  extends  peripherally, 
and  in  some  instances  in  depth  as  well.  At  the  present  time  necrosis  and 
ulceration  are  rare  in  recognized  gummata.  Granulation  tumors  of 
syphilitic  origin  vary  in  size  from  purely  microscopic  bodies  to  masses 
five,  ten,  or  even  fifteen  centimeters  in  diameter,  the  latter  commonly 
resulting  from  confluence  of  smaller  primary  gummatous  areas.  At  first 
the  gumma  is  hard;  later,  with  beginning  degeneration  in  the  newly 
formed  elements — or  more  frequently  as  the  result  of  necrosis — it  becomes 
sufficiently  soft  to  resemble  a cold  abscess  or  to  manifest  pseudofluctua- 
tion and  be  mistaken  for  a cyst. 

The  oid  teaching  inclined  to  the  view  that  gummata  and  similar  lesions 
of  tertiary  syphilis  were  not  infectious.  The  Treponema  has  been  dem- 
onstrated in  every  form  of  syphilis  including  gumma,  in  which  the 
parasites  are  never  abundant  but  occur  in  larger  numbers  near  the  per- 
iphery than  in  the  center.  Animals  have  been  infected  but  rarely,  and  no 
doubt  man  may  contract  the  disease  from  contact  with  some  tertiary 
lesions;  possibly  every  active  gumma  contains  adequate  numbers  of  para- 
sites. 

Gummata  are  sometimes  multiple,  occurring  simultaneously  in  a 
number  of  the  tissues  and  organs.  A single  nodule  is,  however,  the  rule. 
Syphilomata  may  occur  in  nearly  all  the  tissues,  but  are  most  frequently 
observed  in  connection  with  the  periosteum,  particularly  that  of  the 
cranial  bones.  Frequently,  they  are  situated  in  the  subcutaneous  tissue; 
they  also  occur  in  the  live",  kidney,  and  lung,  an,d  even  in  the  heart. 
The  brain  is  not  infrequently  affected.  In  the  mucous  membranes — 
particularly  of  the  larynx,  trachea,  nose,  and  pharynx — and  in  the 
rectum,  extensive  tissue  destruction  may  result.  With  ulceration,  or 
even  in  its  absence,  the  subsequent  cicatrization  may  give  rise  to  nar- 
rowing of  those  tubes  the  walls  of  which  are  involved.  Such  strictures 
are  seen  in  the  rectum  and  in  the  trachea. 
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Parasyphilis  (Fournier) ; Metasyphilis  (Moebius). — Parasyphilitic  mani- 
festations follow  syphilis,  but  have  little  or  no  morphologic  resemblance 
to  the  frank  changes  which  it  induces.  For  the  term  parasyphilis1  and 
its  derivatives  Fournier,  the  eminent  French  syphilographer,  is  respon- 
sible. Ogilvie  happily  defines  a parasyphilitic  affection  as  syphilitic 
in  origin  but  not  in  nature.  There  is  want  of  distinction  between  the 
really  syphilitic  and  parasyphilitic  affections.  The  diseases  of  the  ner- 
vous system  following  syphilis  (for  example,  dementia  and  tabes  in  ac- 
quired syphilis,  and  mental  defect  and  internal  hydrocephalus  in  the 
congenital  form)  develop  none  of  the  histologic  changes  seen  in  the  fa- 
miliar lesions  of  syphilis;  that  they  may  follow  and  be  due  to  syphilis, 
there  can  be  no  doubt. 

Yaws,2  Frambcesia  tropica,  Pian,  are  names  applied  to  a disease  pos- 
sessing many  of  the  clinical  and  pathological  characters  of  syphilis  and 
limited  to  the  tropics.  The  organism — Treponema  pertenui  (Castellani)  — 
so  closely  resembles  the  parasite  of  syphilis  that  most  observers  believe 
- that  they  cannot  be  differentiated.  According  to  Russel,  the  organism 
of  yaws  is  slightly  thicker,  the  spirals  broader  and  longer  and  less  regular 
than  in  the  Treponema  pallidum.  The  organism  may  be  demonstrated 
by  the  same  methods  as  the  parasite  of  syphilis  (p.  157).  The  disease 
has  been  transmitted  to  monkeys.  Susceptible  animals  infected  with 
yaws  may  be  inoculated  with  syphilis  and  vice  versa. 

The  initial  lesion  of  yaws  follows  a period  of  incubation  varying  from 
ten  days  to  several  weeks,  and  consists  of  a slightly  indurated  papule  or 
occasionally  a pustule  and  may  occur  on  any  part  of  the  body  or  extremi- 
ties. Occasionally  the  lesion  resembles  a papilloma.  The  secondary 
stage  appears  shortly  after  the  primary  lesion  and  usually  before  the 
latter  has  healed.  This  stage  is  characterized  by  papular  eruptions; 
the  papules  are  at  first  small,  enlarge  rapidly,  and  become  conical,  often 
with  depressed  centers.  The  summits  of  the  papules  are  yellow,  encrusted ; 
the  superficial  crust,  being  removed  or  desquamating,  discloses  the  typical 
raspberry  papillomatous  yaw.  In  the  larger  lesions  necrosis  and  conse- 
quently ulceration  ensue.  Other  lesions  become  dense  (hyperkeratosis) 
and  wart-like.  After  several  weeks,  regression  and  healing  terminate 
in  recovery.  Histologically  the  lesions  are  characterized  by  epithelial 
downgrowth,  hyperemia  and  edema,  and  leukocytic  infiltration  in  which 
polymorphonuclears,  mononuclears,  plasma  cells,  and  eosinophiles  are 
found;  only  one  observer  has  found  giant  cells.  The  perivascular  and 
endovascular  lesions  so  conspicuous  in  syphilis  are  absent  in  yaws. 

1 Fournier’s  monograph  is  in  French.  Post,  Boston  Med.  and  Surg.  Jour.,  Oct. 
15,  1903,  summarizes  this  subject;  see  also  Ogilvie,  Lancet,  June  13,  1903,  p.  1647. 

2 De  Beurmann  and  Gougerot,  Rev.  de  Med.,  May,  1907;  Siebert,  Arch.  f. 
Schiffs  u.  Trop.  Hyg.,  xii,  No.  9;  Marshall,  Philippine  Jour,  of  Sci.,  Sect.  B,  Med. 
Sci.,  Oct.,  1907;  Wellman,  Arch.  f.  Schiffs.  u.  Trop.  Hyg.,  Bd.  xi,  H.  17;  Ashburn 
and  Craig,  Philippine  Jour.  Sci.,  Sect.  B,  Med.-Sci.,  1907;  Castellani,  Jour,  of  Hyg., 
July,  1907;  Shennan,  Jour,  of  Path,  and  Bact.,  Jan.,  1908;  Russell,  Arch,  of 
Intern.  Med.,  Aug.  15,  1908;  M’Intosh,  Jour,  of  Path  and  Bact.,  Jan.,  1909,  p.  248; 
Nichols,  Jour,  of  Exper.  Med.,  vol.  xii,  No.  5,  1910. 


CHAPTER  VII. 


ANIMAL  PARASITES  AS  CAUSES  OF  DISEASE. 

The  animal  parasites  that  occur  in  man  may  be  considered  in  three 
general  groups:  (I)  Protozoa,  (II)  Vermes,  (III)  Arthropoda.  It  is 
not  within  the  scope  of  this  work  to  deal  with  the  general  zoology  of 
parasites  or  to  consider  them  exactly  in  their  zoologic  order.  For  special 
consideration  of  these  facts  the  reader  is  referred  to  standard  treatises 
on  the  subject. 1 

Amebiasis  is  a term  proposed  by  Musgrave  and  Clegg  for  diseases 
due  to  amebas.2  Amebas  are  protozoa3  belonging  to  the  rhizopoda. 
Forms,  the  pathogenicity  of  which  has  not  been  fully  determined,  have 
been  found  in  the  mouth,  feces,  vaginal  discharges,  and  in  the  urine. 
The  exact  relation  of  the  Amoeba  gingivalis  and  the  Amoeba  buccalis  to 
disease  processes  remains  uncertain.  The  most  important  members  of 
this  group  are  those  found  in  the  intestine,  called  by  Schaudinn  entameba, 
of  which  he  recognizes  two  forms,  (i)  The  Entamceba  coli  is  a normal 


Fig.  67  . — Amoebas  coli  in  fecal  matter;  several  of  the  parasites  show  included  red  blood  cells.  In  the  feca 
matter  in  addition  to  the  granular  (largely  bacterial)  matter,  one  may  note  red  blood  corpuscles 
muscle,  and  elastic  tissue,  a vegetable  spiral  duct  and  numerous  crystalline  bodies.  (Tyson.) 

inhabitant  of  the  upper  portion  of  the  colon  and  present  in  the  stools 
whenever  any  diarrheal  process  hastens  evacuation  of  the  intestinal 
contents.  (2)  This,  the  second  form,  he  calls  the  Entamceba  histolytica, 
or,  from  the  disease  with  which  it  is  quite  commonly  associated,  the 
Entamoeba  dysenterise.  Pie  shows  by  certain  peculiarities  in  its  encyst- 
ment  and  reproductive  phenomena  that  it  differs  materially  from  non- 
pathogenic  amebas.  The  Entamoeba  histolytica  is  12  [t  to  35  /t  or  40  fi 
in  diameter,  and,  while  living  and  fully  developed,  actively  motile.  The 
nucleus  when  demonstrable  is  round  or  ovoid,  the  protoplasm,  granular 
and  often  vacuolated;  the  phagocytic  power  of  the  parasite  is  shown 

1 Braun,  Die  tierischen  Parasiten  des  Menchen,  1909. 

2 Musgrave,  Philippine  Jour,  of  Sci.,  June,  1906;  Craig,  Jour,  of  Infect.  Dis., 
June  4,  1908,  p.  324,  and  Arch,  of  Intern.  Med.,  July,  1910,  vol.  vi,  p.  1;  Walker, 
Jour,  of  Med.  Research,  Feb.,  1908,  p.  379:  Nagler,  Arch.  f.  Protistenk,  Bd.  xv, 
:9°9>  P-  1;  Elmassian,  Centralbl.  f.  Bakt.,  Bd.  lii,  H.  3,  Nov.,  1909. 

3 Wasielewski,  Studien  u.  Mikrophotogramme  z.  Kennt.  der  pathog.  Protozoen, 
1908;  Calkins,  Protozoologv,  1909;  Doflein,  Lehrbuch  der  Protozoenkunde,  Jena, 
1909. 
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by  the  frequency  with  which  its  protoplasm  contains  red  blood  cells, 
leukocytes,  bacteria,  and  granular  detritus.  Pure  cultures  of  ameba 
have  not  been  obtained;  they  may,  however,  as  shown  by  Musgrave  and 
Clegg,  be  grown  on  a special  agar  medium  in  symbiosis  with  bacteria. 

Demonstration. — For  the  technic  of  cultivation  the  reader  is  referred 
to  the  monograph  by  Walker.  A satisfactory  recognition  of  the  parasite, 
particularly  in  the  hands  of  the  novice,  demands  that  he  should  see  it 
send  out  pseudopodia;  he  should  observe  active  movement.  In  order  to 
do  this,  the  material  should  be  reasonably  fresh.  In  the  case  of  feces, 
admixture  with  urine  is  to  be  avoided.  A drop  of  the  suspected  material 
is  placed  upon  a slide  and  a cover-glass  applied.  The  slide  may  be  gently 
warmed,  or  the  microscope  may  be  kept  in  a reasonably  warm  place, 
under  which  conditions  movement  will  be  more  active.  Fresh  specimens 
may  be  best  stained  by  mixing  with  the  suspected  material,  placed  upon 
a slide,  a drop  of  a watery  solution  of  toluidin  blue.  This  reagent  acts 
as  a fixative  and  at  the  same  time  stains  the  amebas  intensely  and  rapidly. 


Fig.  68. — Balantidium  Coli,  Free  and  Encysted. 

a,  Cytostome;  b,  nucleus;  c,  cytopygon;  d,  masses  ingested.  {Braun,  after  Cassagrandi  and  Barbagallo.) 

Pieces  of  tissue  are  best  fixed  in  corrosive  sublimate,  embedded  in  paraf- 
fin, and  the  sections  stained  in  eosin,  followed  by  toluidin  blue  for  twenty 
or  thirty  minutes;  wash  and  differentiate  in  alcohol,  clear  in  cedar  oil  or 
xylol,  mount  in  balsam.  For  the  demonstration  of  amebas  in  tissue  or 
pus  Mallory1  recommends  the  following  method,  which  does  not  yield 
satisfactory  results  when  the  parasites  are  in  feces:  (i)  Fix  in  alcohol; 
(2)  section  by  celloidin  or  paraffin  method,  preferably  the  latter;  (3) 
stain  sections  in  a saturated  aqueous  solution  of  thionin  three  to  five 
minutes;  (4)  wash  in  water;  (5)  differentiate  in  2 per  cent,  aqueous  solu- 
tion of  oxalic  acid  one-half  to  one  minute;  (6)  wash  in  water;  (7)  dehy- 
drate (celloidin  sections  95  per  cent,  alcohol,  paraffin  sections  absolute 
alcohol) ; (8)  clear  (celloidin  sections  in  oleum  origani  cretici  or  oil  of  ber- 
gamot, paraffin  sections  go  direct  to  xylol) ; (9)  wash  in  xylol;  (10)  balsam. 
The  nuclei  of  amebas  and  granules  of  mast  cells  are  brownish-red,  other 
nuclei  are  blue. 

Pathogenesis. — The  morbid  anatomy  of  amebic  dysentery  and  its 
complications  will  be  considered  in  Part  II  of  this  book,  in  chapter  dealing 
with  Diseases  of  the  Alimentary  Canal;  amebic  abscess  is  described  with 
abscesses  of  the  liver.  Of  the  other  amebas  associated  with  suppurative 

1 Jour.  Exper.  Med.,  vol.  ii,  1897,  p.  529. 
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and  inflammatory  processes  we  possess  no  accurate  information  estab- 
lishing their  disease-producing  function.  With  this  group  should  be 
classed  the  ameba  found  in  serous  exudates  and  in  abscesses  about  the 
mouth,  and  the  ameboid  organisms  which  have  been  encountered  in  the 
urine.  The  ameba  described  by  Behla  in  the  sputum  of  pertussis  has 
not  been  established  as  holding  any  causal  relation  to  the  disease. 

Among  the  flagellated  mastigophora 
are  a number  of  parasites  occasionally 
found  in  man;  several  of  these  have 
been  grouped  under  the  name  Cerco- 
monas  hominis.  Systematic  writers 
have  incorrectly  included  with  this 
group  parasites  possessing  more  than 
one  flagellum.  True  cercomonads  are 
pear-shaped,  8 («  to  12  ix  long,  and  pos- 
sess a single  flagellum  at  the  anterior 
end.  They  are  not  uncommonly  found 
in  stools  and  probably  have  no  import- 
ant pathogenic  property.  The  tricho- 
monas group  includes  several  closely 
allied  parasites.  The  Trichomonas  intes- 
tinalis  is  10  jx  to  12  /x  long,  pear-shaped,  spiculated  at  one  end,  ciliated 
along  a part  of  one  margin,  and  may  have  three  or  four  flagella.  A 
similar  organism  is  sometimes  observed  in  vaginal  discharges  and  is 
called  the  Trichomonas  vaginalis.  Freund1  proposes  the  name  Tricho- 
monas hominis  to  include  the  trichomonads  occurring  in  man;  accepting 
this  nomenclature  the  parasites  just  mentioned  would  be  called  the 
Trichomonas  hominis  intestinalis  and  Trichomonas  hominis  vaginalis 
respectively.  A disease  produced  by  a trichomonad  is  called  a Tricho- 
moniasis. Trichomoniases  include  diarrheas,  dysenteries,  and  vaginal 
inflammations.  It  is  probable  that  the  parasites  rarely  cause  the  proc- 
esses with  which  they  occur  but,  engrafted  on  inflammatory  and  necrotic 
lesions,  perpetuate  and  possibly  intensify  lesions  which  they  did  not 
invariably  inaugurate. 

The  Balantidium  coli2  is  a protozoal  parasite,  but  belonging  to  a 
family  differing  from  the  cercomonas;  it  has  been  shown  to  be  capable 
of  producing  disease  in  man.  The  organism  is  ovoidal,  slightly  broader 
at  the  anterior  end,  and  measures  50  ix  to  100  u in  length  and  40  a to  60  tt  in 
breadth.  A funnel-shaped  opening  (peristome)  is  situated  in  the  anterior 
end;  the  macronucleus  is  reniform  and  the  micronucleus  globular.  The 
motility  of  the  parasite  depends  upon  the  activity  of  the  long  cilia  that 
cover  it.  Many  cases  of  diarrhea  or  dysentery  believed  to  be  due  to  the 
balantidium  have  been  recorded.  That  the  parasite  may  enter  the 
mucosa,  and  even  the  muscularis,  of  the  intestine,  has  been  abundantly 
shown.  Necrotic  foci,  hemorrhagic  areas,  and  irregular  ulcers  are  found 
in  the  colon.  The  parasite  has  been  observed  in  the  lymphatics  of  the 
intestinal  wall  and  in  pus  from  an  hepatic  abscess. 

Most  of  the  trypanosomiases  are  diseases  of  lower  animals,  at  least 

1 Arch,  of  Intern.  Med.,  Jan.  15,  1908. 

2 Strong,  Bull,  of  Government  Laboratories,  Manila,  No.  26,  Dec.,  1Q04;  Koz- 
lovsky, Arch.  f.  Verdauungskrankh.,  xi,  1;  Bowman,  Philippine  Jour,  of  Sci., 
Sect.  B,  Med.  Sci.,  Dec.,  1909,  p.  417;  Bel  and  Couret,  Jour,  of  Infect.  Dis.,  Oct. 
25,  1910,  p.  609. 


Lamblia  intestinalis,  showng  disk-sur- 
face and  lateral  views  in  larger  fig- 
ures, and  three  epithelial  cells  with 
attached  parasites  to  the  right. 
(Tyson.) 
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one  is  known  to  occur  in  man;  all  are  due  to  organisms  of  the  trypano- 
somida  group.1  The  Trypanosoma  lewisi  is  quite  common  in  rats,  often 
without  producing  any  symptoms.  Nagana,  surra,  mal  de  caderas,  and 
dourine  are  affections  usually  occurring  in  the  horse  and  due  to  the  T ryp- 
anosoma  brucei,  Trypanosoma  evansi,  Trypanosoma  equinum,  and  Tryp- 
anosoma equiperdum  respectively.  Galzeikte  is  a disease  of  bovines  due 
to  the  Trypanosoma  theileri.  Trypanosomes  have  also  been  found  in  birds, 
reptiles,  batrachians,  and  fish.  Human  trypanosomiasis  is  due  to  the 
Trypanosoma  gambiense,  a flagellate  parasite  15  a to  30  y long,  1.5  y to  2 
^]thick;  one  margin  of  the  parasite  is  outlined  by  an  undulating  membrane, 
along  the  free  margin  of  which  is  attached  a flagellum  arising  from  the 
centrosome  posteriorly  and  projecting  as  a free  lash  from  the  anterior  end  of 
the  parasite  (see  Fig.  7 1 , p.  169).  The  disease  is  inoculated  by  a tsetse-fly — 
the  Glossina  palpalis2 — and  has  been  communicated  to  a number  of  mam- 


Fig.  70. — Trypanosoma  Lewisi. 

Laveran  and  Mesnil  stain,  j..  homo,  im.,  i in.  oc. 

malia.  In  man  the  organism  appears  to  remain  as  a blood  parasite  for  a 
considerable  length  of  time,  eventually  entering  the  cerebrospinal  fluid 
and  giving  rise  to  a fatal  disease  called  sleeping  sickness  (African  lethargy). 

Morbid  Anatomy. — In  the  earlier  stages  there  may  be  no  noteworthy 
alterations;  neuralgias,  edemas,  skin  eruptions,  enlargement  of  the  lymph- 
nodes,  and  emaciation  with  irregular  fever  may  be  present.  After  the 
affection  attacks  the  central  nervous  system  Mott  has  shown  that  a 

1 An  enormous  amount  of  literature  has  recently  accumulated  concerning  these 
parasites.  The  interested  reader  will  find  the  most  important  articles  in  the  recent 
files  of  the  Jour.  Tropical  Med.,  Brit.  Med.  Jour.,  The  Royal  Society  Reports  of  the 
Sleeping  Sickness  Commission,  Centralbl.  f.  Bakt.,  Bd.  xxiv,  xxv,  and  xxvi,  Annales 
de  l’lnst.  Pasteur,  andBulletin  de  l’lnst.  Pasteur.  Bibliography  of  Trypanoso- 
miasis, compiled  by  Thimm,  Librarian  of  the  Sleeping  Sickness  Bureau,  London,  1909; 
Trypanosomes  and  Trypanosomiases,  Laveran  and  Mesnil,  translated  and  enlarged 
by  Nabarro,  1909;  Doflein,  Probleme  der  Protistenkunde,  Jena,  1909;  Koch, 
Beck  and  Kleine,  Arb.  a.  d.  kaiserl.  Gesundh.,  xxx,  1909. 

2 Roubaud,  La  Glossina  palpalis;  sa  biologie,  son  role  dans  l’etiologie  des  Try- 
panosomiases, Paris,  1909. 
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meningo-encephalitis  results.  Frequently  terminal  infection  by  a strep- 
tococcus (hypnococcus  of  Castellani)  produces  a definite  meningitis 
found  at  autopsy. 

Coccidiosis  is  a condition  produced  by  invasion  of  cells — mostly 
epithelium — by  parasites  called  coccidia.  They  are  particularly  prone 
to  infect  the  biliary  passages;  coccidial  cysts  of  the  liver  are  frequent  in 
some  of  the  lower  animals,  especially  the  rabbit,  and  are  occasionally 
observed  in  man.  Once  within  the  epithelial  cell  the  parasite  increases 
in  size  and  divides  into  a number  of  small,  crescentic  bodies  grouped 
around  a central  portion  of  inert,  residual  protoplasm;  the  cell  so  dividing 
is  called  a schizont,  the  process  is  termed  schizogony,  and  the  resulting 
sporules  are  the  merozoites.  This  method  of  increase  Doflein  calls  multi- 
plicative reproduction.  The  actively  motile  merozoites  enter  new  epithe- 
lial cells  and  repeat  the  process  of  schizogony.  Propagative  reproduction 
(Doflein)  occurs  through  the  evolution  of  sexual  stages,  certain  of  the 
merozoites  being  converted  into  sexually  mature  organisms,  called 
gametes.  A merozoite  enlarges,  its  protoplasm  becomes  granular  ( macro - 


Fig.  71.- — Trypanosoma  gambiense  in  Human  Blood. 

From  specimen  prepared  by  Dr.  Jimenez  and  kindly  presented  to  the  writer. 


gametocyte ) and  finally  maturates,  becoming  the  female  cell  or  macro- 
gamete. The  male  cell  is  also  developed  from  a merozoite ; it  i ; smaller 
than  the  female  and  the  protoplasm  is  clearer;  its  nucleus  divides,  the 
resulting  chromatin  masses  collecting  at  the  periphery  and  eventually 
passing  out  as  flagellate  bodies.  The  male  cell  is  called  the  microgame- 
tocyte  and  the  extruded  motile  flagella  containing  chromatin  particles  are 
microgametes.  The  flagellated  microgamete  at  once  seeks  and  enters  a 
receptive  eminence  developed  on  the  surface  of  a macrogamete,  with 
the  nucleus  of  which  it  fuses,  completing  the  act  of  fertilization;  the 
resulting  body  is  called  the  zygote.  This  sexual  reproduction  is  called 
sporogony,  which  proceeds  as  follows:  The  fertilized  cell  (zygote),  pos- 

sessed of  active  movement,  is  called,  during  its  migration,  the  ookinet; 
when  it  comes  to  rest  and  acquires  a capsule  it  becomes  the  oocyst,  copida, 
or  sporont,  and  is  composed  of  a central  nuclear  mass  surrounded  by 
protoplasm  and  enclosed  in  a shell  which,  in  some  coccidia,  is  extremely 
resistant.  By  proliferation  of  the  nucleus  and  separation  of  the  proto- 
plasm, four  sporoblasts  are  developed.  Each  sporoblast  acquires  a pro- 
tecting membrane  and  is  now  called  a sporocyst;  by  segmentation  of  its 
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nucleus  two  sporozoites  are  developed  in  the  sporocy9t.  The  latter  bodies 
are  sickle-shaped,  possess  a relatively  high  degree  of  resistance,  and  con- 
stitute a resting  stage  in  the  cycle  of  the  parasite.  Entering  a new  host, 
the  capsule  of  the  sporocyst  is  digested  or  ruptures,  the  contained  sporo- 
zoites are  liberated,  and,  if  conditions  are  favorable,  at  once  attack  the 
somatic  cells.1  Zoologists  propose  to  classify  coccidia  according  to  the 
number  of  sporozoites  contained  in  the  sporocyst  developed  by  each 
particular  organism. 


& 


Fig.  72. — Coccidium  Ovi- 

FORME  FROM  THE  HUMAN 

Liver.  ( After  Leuckart. — 
Gould.) 

A.  X 200  diameters.  B,  C. 
X 800  diameters. 


Probably  the  best  known  of  the  coccidia  is  the 
Coccidium2  oviforme,  a common  parasite  in  the 
liver  of  the  rabbit  and  occasionally  causing  coc- 
cidial  cysts  in  the  human  liver.  Such  cyst9  have 
the  appearance  of  semisolid  or  partly  caseou9  nod- 
ules resulting  from  proliferative  and  necrotic 
changes  in  the  epithelial  cells  of  the  bile-duct. 
The  masses  vary  in  size  and  are  frequently  encap- 
sulated. The  oocy9t  of  the  Coccidium  oviforme 
is  25  n to  30  ijl  long  and  about  half  as  wide.  The 
intracellular  position  of  the  parasite  in  some  of  its 
stages  can  frequently  be  seen  in  scrapings,  frag- 
ments, or  sections  from  such  cysts.  A skin  affec- 
tion due  to  a coccidium  has  been  described.  The 
coccidial  origin  of  tumors  has  been  strongly  advo- 
cated by  a number  of  observers;  as  the  demonstration  seems  to  me 
to  be  incomplete,  I have  not  incorporated  the  various  views  that  have 
been  advanced.3 

Leishman-Donovan  bodies,  Herpetomonas  tropica  and  Herpetomonas 
infantum  are  closely  related  protozoan  organisms  the  exact  zoological 
position  of  which  remain  uncertain.  Ross  proposed  a genus  called 
Leishmania  which  would  include  L.  donovani  the  cause  of  lcala  azar,4 
L.  tropica  found  in  Oriental  sore5  and  L.  infantum  of  infantile  9plenic 
anemia.6  Rogers  found  that  growths  of  Leishman-Donovan  bodies  in 
citrated  blood  developed  flagellate  forms  and  Nicolle  using  blood-agar 
obtained  similar  results  with  the  parasite  of  infantile  splenic  anemia. 
The  occurrence  of  a flagellate  9tage  justifies  Rogers  in  placing  the  para- 
sites in  the  Herpetomonas  group. 

Darling7  has  observed  a parasite  resembling  those  mentioned  which 
he  calls  Hi9toplasma  capsulatum.  The  disease  produced,  Histoplasmo- 
sis, resembles  kala  azar  and  is  characterized  by  splenomegaly,  emacia- 
tion, irregular  remittent  fever,  and  leukopenia.  The  parasites  are  round 
or  ovoidal,  2 jj.  to  4 ji  in  diameter,  and  possess  two  tingible  structures,  a 
larger  and  smaller,  at  opposite  points  in  the  periphery.  They  are  demon- 
strable by  any  of  the  Romanowsky  methods,  especially  Wright’s  and 
Leishman’s  9tains. 


1 See  diagram  illustrating  the  cycles  of  the  Plasmodium  malarias,  p.  173. 

2 Zoologists  have  recently  adopted  the  term  eimeria  as  the  correct  name  for  the 
coccidium;  I shall,  however,  adhere  to  the  older  nomenclature.  Tyzzer,  Jour,  of 
Med.  Research,  April,  1902. 

3 Schuller,  Centralbl.  f.  Bakt.,  Dec.  12,  1904,  p.  547. 

4 Rogers,  Milroy  Lectures,  Brit,  Med.  Jour,  beginning  Feb.  23,  1907,  also  Annals 
of  Trop.  Med.  and”  Parasit.,  July,  1908. 

5 Thomson  and  Balfour,  Trans.  Soc.  of  Trop.  Med.  and  Hyg.,  vol.  iii,  No.  3,  1910. 

6 Nicolle,  Ann.  Inst.  Pasteur,  t.  xxiii,  1909. 

7 Jour.  Exper.  Med.,  vol.  xi,  1909. 
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There  are  a number  of  morbid  conditions  of  obscure  or  undeter- 
mined etiology  in  some  of  which  parasites  believed  to  be  protozoahave 
been  described.  Where  the  evolutionary  cycle  of  the  parasite  has  not 
been  worked  out  it  is  impossible  to  say  exactly  to  which  group  the  alleged 
organism  belongs.  Since  the  observations  of  Van  der  Loeff,1  Pfeiffer,2 
and  Guamieri3  numerous  investigators  have  patiently  continued  attempts 
to  establish  the  parasitic  origin  of  smallpox.  That  this  disease  is  due  to 
a living  contagion  is  clearly  indicated  by  its  clinical  and  epidemiologic 
characters.  The  evidences  of  its  protozoah  origin  have  been  urged  by 
Councilman4  and  his  students,  who  have  extended  previous  observations. 
The  bodies  believed  to  be  parasites  are  included  in  the  epithelial  cells, 
some  forms  being  found  in  the  protoplasm  and  others  within  the  nuclei. 
Calkins  believes  that  the  known  data  may  be  so  correlated  that  the  de- 
velopmental cycle  of  the  parasite  can,  in  part  at  least,  be  followed.  The 
name  Cytoryctes  variolae  has  been  given  to  the  organism,  and  it  is  thought 
that  the  difference  between  vaccinia  and  variola  depends  upon  modifi- 
cations in  the  same  parasite.  Mallory5  describes  a protozoa-like  body 
found  in  four  cases  of  scarlet  fever.  Negri6  has  found  a parasite  of  an 
undetermined  nature  occupying  certain  ganglion  cells  of  the  central 
nervous  system  in  hydrophobia.  Wright,7  and  also  Marzinowsky  and 
Bogrow,8  have  extended  previous  knowledge  and  made  additional  obser- 
vations on  the  parasitology  of  tropical  ulcer  and  Oriental  boil.  Tietze9 
has  found  a protozoon  in  a parotid  tumor,  and  suggests  that  the  parasite 
may  be  the  cause  of  the  obscure  enlargement  of  the  parotid  gland  in  the 
condition  called  Mikulicz’s  disease. 

The  scope  of  this  work  does  not  permit  an  exhaustive  review  of  the 
organisms  to  which  reference  has  been  made  in  the  preceding  paragraph. 
In  some  of  the  diseases  investigations  are  incomplete  and  the  results 
not  corroborated  by  a sufficient  number  of  observers  to  warrant  final 
judgment. 

Probably  the  most  important  of  the  sporozoa  are  the  Haemosporidia, 
which,  as  Doflein  aptly  observes,  are  protozoa  that  have  acquired  a 
parasitic  life  adapted  to  existence  within  the  erythrocytes.  A number 
of  these  organisms  affect  animals  other  than  man,  giving  rise  to  the  malaria 
of  birds,  fish,  etc. 

The  most  important  of  the  haemosporidia  is  the  parasite  causing 
human  malaria,  called  the  Haematozoon  malariae,  Haematomonas  malarias, 
Haemamoeba  malariae,  but  probably  best  known  as  the  Plasmodium 
malariae.10  During  the  presence  of  the  parasite  in  the  circulating  blood  a 

1 Monatsch.  f.  prakt.  Derm.,  1887,  Bd.  iv,  p.  189. 

2 Ibid.,  p.  435. 

3 Arch,  per  le  Sci.  Med.,  Tome  xxvi,  p.  403. 

4 Jour.  Med.  Research,  Feb.,  1904,  vol.  xi,  No.  1,  pp.  1 to  361,  with  full  bibli- 
ography; Brinckerhoff  and  Tyzzer,  Jour.  Med.  Research,  Jan.,  1906;  Ewing, 
Jour.  Med.  Research,  Nov.,  1904,  and  Feb.,  1905;  De  Korte,  Lancet,  Dec.  24,  1904, 
and  Practitioner,  Jan.,  1905;  Bose,  C.  R.  Soc.  de  Biol.,  t.  v,  p.  1x78,  also  Centralbl. 
f.  Bakt.,  Aug.  26,  1904,  p.  630,  and  Sept.  23,  1904,  p.  59. 

5 Jour.  Med.  Research,  Jan.,  1904,  p.  483. 

6 Zeit.  f.  Hyg.  und  Infektkrank,  1903,  xliv,  p.  507. 

7 Jour.  Med.  Research,  1903,  vol.  x,  p.  472. 

8 Virchows  Archives,  1904,  Bd.  clxxviii,  p.  112. 

9 Mittheil.  a.  d.  Grenzgebiet.  de  Med.  u.  Chir.,  1904,  xiv,  No.  3. 

10  Stephens  and  Christophers,  The  Practical  Study  of  Malaria  and  other  Blood 
Parasites,  Liverpool,  1908;  Craig,  The  Malarial  Fevers,  Hemoglobinuric  Fever, 
and  the  Blood  Protozoa  of  Man,  1909;  Laveran,  Bull,  de  l’lnst.  Pasteur,  Oct.  30, 
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large  part  of  its  existence  is  spent  within  the  red  blood-cell.  In  man 
multiplicative  reproduction  (see  p.  169)  alone  occurs;  propagative  repro- 
duction (see  p.  169),  or  the  sexual  cycle  of  evolution,  takes  place  in  the 
body  of  the  mosquito  (Anopheles).  So  far  as  is  known,  no  other  gnat 
can  serve  as  a host  for  the  Plasmodium  malariae.  There  are  three  types 
of  parasites  observed  in  the  three  forms  of  human  malaria;  the  parasite 
of  tertian  fever  completes  its  cycle  of  development  in  forty-eight  hours, 
the  plasmodium  causing  quartan  malaria  requires  seventy-two  hours 
for  the  production  of  sporuladion,  and  in  the  so-called  estivo-autumnal  or 
pernicious  malaria,  the  parasite — Plasmodium  falciparum,  or  Plasmo- 
dium praecox — varies  in  the  length  of  time  necessary  for  its  complete 
evolution. 

The  most  frequent  form  of  malaria  is  that  produced  by  the  tertian 
parasite — Plasmodium  vivax — (Plate  I),  the  evolution  of  which  may  be 
traced  by  repeated  examinations  of  the  peripheral  blood,  beginning 
immediately  after  a paroxysm  and  continuing  at  intervals  of  two  to 
four  hours  until  the  cycle  is  completed.  If  a drop  of  the  fresh  blood  be 
prepared  for  examination  (see  Technic  of  Blood  Examination,  Chapter  I, 
Part  II)  during  or  immediately  after  the  paroxysm,  the  earliest  stages  in 
the  evolution  of  the  plasmodium  may  readily  be  followed.  A magnifi- 
cation of  about  1000  diameters  (T^-inch  oil  immersion)  will  be  found  con- 
venient, but  not  absolutely  necessary,  as  the  discoverer  of  the  parasite, 
Laveran,  commended  a magnification  of  600  (J-inch  or  |-inch  object- 
ive, with  a good  eye-piece).  Carefully  focusing  on  a part  of  the  field 
in  which  the  red  blood-cells  are  thinly  spread,  the  slide  is  slowly  moved, 
a close  watch  being  kept  for  pale  bodies  in  the  corpuscle  >,  or  for  pale 
corpuscles,  in  which  the  parasite  is  to  be  sought.  The  iris  diaphragm 
of  the  substage  condenser  should  be  partly  closed,  so  as  not  to  flood  the 
field  with  light  sufficient  to  obliterate  finer  details.  In  varying  numbers 
of  the  red  blood-cells  transparent  (hyalin)  bodies  with  fairly  sharp 
margins  can  readily  be  found.  The  smallest  of  these  does  not  exceed 
2 /i  in  diameter,  and  if  carefully  watched  its  form  will  be  seen  constantly 
changing — amebula.  In  the  earliest  stage  it  is  without  pigment  and 
resembles  the  so-called  vacuole  or  hydropic  spots  sometimes  seen  in 
erythrocytes,  from  which,  however,  it  is  readily  differentiated  by  the 
rapid  ameboid  movements  of  the  plasmodium.  In  another  specimen  of 
blood  collected  three  or  four  hours  later  the  intracellular  parasites  are 
found  very  much  larger,  the  ameboid  movement  more  active,  the  pseudo- 
podia appearing  and  disappearing  constantly.  Sometimes  the  proto- 
plasmic projections,  thrust  through  the  interior  of  the  red  cell,  meet, 
imprisoning  part  of  the  hemoglobin  content  in  the  interior  of  the  parasite. 
Toward  the  end  of  the  first  twenty-four  hours  following  a paroxysm, 
pigment  begins  to  appear  in  the  interior  of  the  parasite  and  the  plas- 
modium becomes  proportionately  easier  to  recognize.  This  pigment 
is  composed  of  fine  brownish-yellow  granules,  most  abundant  near  the 
periphery  of  the  organism  and  in  constant  motion.  If  the  slide  be  cooled, 
the  vibrations  of  the  pigment  become  slower  and  eventually  cease.  By 
this  time  the  parasite  occupies  about  half  of  the  erythrocyte.  During 
the  evolution  of  the  plasmodium  the  affected  red  cell  becomes  slightly 
swollen  and  progressively  paler.  In  from  four  to  six  hours  before  the 

1905,  p.  809;  Laveran,  Du  Paludisme  et  de  son  Hematozoaire ; Deaderick,  A 
Practical  Study  of  Malaria,  1910;  Craig,  Arch.  Intern.  Med.,  April  15,  1910^.325. 
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Plasmodium  Vivax 
(Tertian  Parasite.) 

(From  Da  Costa’s  Clinical  Hematology.) 


1.  Normal  erythrocyte. 

2,  3,  4.  5.  Intracellular  hyalin  forms. 

6,  7.  Young  pigmented  intracellular  forms.  In  6,  two  distinct  parasites  inhabit  the  erythrocyte,  the  larger 
one  being  actively  ameboid,  as  evidenced  by  the  long  tentacular  process  trailing  from  the  main 
body  of  the  organism.  This  ameboid  tendency  is  still  better  illustrated  in  7,  by  the  ribbon-like 
design  formed  by  the  parasite.  Note  the  delicacy  of  the  pigment  granules,  and  their  tendency 
toward  peripheral  arrangement  in  6,  7,  and  8. 

8.  Later  developmental  stage  of  7.  In  7,  8,  and  9 enlargement  and  pallor  of  the  infected  erythrocyte  become 
conspicuous. 

9-  Mature  intracellular  pigmented  parasite. 

10,  11,  12.  Segmenting  forms.  In  10  is  shown  the  early  stage  of  sporulation — the  development  of  radial 
striations  and  peripheral  indentations  coincidentally  with  the  swarming  of  the  pigment  toward 
the  center  of  the  parasite.  The  completion  of  this  process  is  illustrated  by  n and  12. 

13.  Large  swollen  extracellular  form.  Note  the  coarse  fused  blocks  of  pigment.  (Compare  size  with  that 

of  normal  erythrocyte,  1.) 

14.  Flagellate  form 

15.  Shrunken  and  fragmenting  extracellular  forms. 

16.  V acuolation  of  an  extracellular  form. 

Note. — The  original  water-color  drawings  were  made  from  fresh  blood  specimens,  a Leitz  -inch 

oil-immersion  objective  and  4 ocular,  with  a Zeiss  camera-lucida,  being  used. 

(E.  F.  Faber,  fee.) 
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Fig.  73. — -Diagrammatic  Representation  op  the  Life  Cycle  of  the  Plasmodium  Malaria. — ( Modified 

and  redrawn  after  Clarke.) 

[The  letters  refer  to  the  stages  of  schizogony  and  the  figures  to  sporogony.] 

A.  Hyalin  intracorpuscular  body  called  by  Lankaster  the  amebula,  the  earliest  stage  of  the  parasite 

within  the  red  cell. 

B.  Later  stage  of  A,  showing  beginning  formation  of  pigment.  A and  B are  stages  in  the  growth  of  the 

merozoite,  and  with  C constitute  the  changes  in  the  schizont  during  the  process  of  schizogony. 

C.  Sporulating  intracellular  parasite;  daisy  or  rosette  form;  pigment  in  center. 

D.  Ruptured  cell  liberating  sporules  or  merozoites,  some  of  which  return  to  red  cells,  as  indicated  by  the 

arrow,  and  repeat  this  process  of  schizogony  or  multiplicative  reproduction.  Other  merozoites  after 
intermediary  stages  develop  into  gametes, 
x.  Microgametocyte  or  male  element. 

2.  Macrogametocyte  or  female  element. 

3.  Microgametocyte  from  which  two  microgametes  are  being  given  off  (exflagellation);  one  microgamete 
has  separated.  The  dots  in  the  microgamete  imperfectly  represent  contained  particles  of  chromatin. 

4.  Macrogamete  which  has  just  completed  maturation  by  extruding  part  of  its  nuclear  substance  repre- 
sented by  the  dots  above  the  cell. 

5.  Fertilization  of  the  macrogamete  by  the  entrance  of  the  microgamete  through  the  receptive  eminence. 
This  body  is  now  a zygote. 

6.  Motile  body  developed  from  the  zygote  and  called  the  ookinet,  which,  as  indicated  in  the  diagram,  is 
about  to  penetrate  the  walls  of  the  mid-intestine  of  the  mosquito. 

7.  Epithelium  of  mid-intestine  of  mosquito. 

8.  Oocyst  in  the  wall  of  the  gnat's  intestine;  nuclear  division  has  occurred. 

9.  Matured  oocyst,  or  sporocyst,  which  has  ruptured,  permitting  the  sporozoites  to  escape  into  the  body- 
cavity  of  the  mosquito,  from  which  they  pass  to  the  salivary  gland  of  the  insect. 

10.  Part  of  veneno-salivary  gland  of  the  mosquito;  numerous  sporozoites  are  present  in  the  cells  of  the  gland 
and  in  the  duct  to  which  the  pointer  leads. 

11.  Sporozoite  escaping  from  the  gland  duct. 

12.  Free  sporozoite  ready  to  enter  the  erythrocyte  of  a new  host. 


174 


GENERAL  PATHOLOGY. 


approaching  paroxysm,  the  parasite  has  attained  its  maximum  size 
and  the  process  of  sporulation  begins.  The  pigment  granules  collect 
toward  the  center,  the  periphery  of  the  parasite  is  outlined  by  numer- 
ous short  arcs  the  convexity  of  which  is  toward  the  periphery  of  the 
erthrocytes,  and  from  the  points  where  these  arcs  meet,  faint  lines  are 
projected  toward  the  centrally  collected  mass  of  pigment.  As  this  stage 
is  completed  the  parasite  is  divided  into  fifteen  or  twenty  oval  or  pyri- 
form segments,  the  apices  of  which  are  directed  toward  the  inactive 
pigment  in  the  center.  As  now  seen,  the  remains  of  the  swollen  eryth- 
rocyte are  indistinct  and  the  radiating  spores  present  the  characteristic 
rosette  or  daisy  form.  With  the  completion  of  sporulation  the  red  cells 
containing  the  parasites  rupture,  the  liberated  young  plasmodia  are  freed 
in  the  blood-plasma  and  at  once  enter  red  cells.  The  liberated  pigment 
is  taken  up  by  the  phagocytes,  particularly  the  leukocytes,  but  also  by 
phagocytic  endothelial  cells. 

A careful  examination  of  the  blood  will  show  that  in  a number  of 
the  infected  red  cells  sporulation  does  not  occur,  and  that  in  an  earlier 
stage  in  the  evolution  of  the  parasite  it  escapes  from  the  ho9t  cell.  This 
step  is  the  first  stage  in  the  evolution  of  the  sexual  life  of  the  pla9- 
modium,  and  it  is  now  prepared  to  enter  the  tissues  of  another  host.  Cer- 
tain of  these  extracellular  pigmented  forms  (gametes)  are  macrogameto- 
cytes  and  others  microgametocytes,  the  later  evolution  of  which  occurs 
in  drawn  blood  only.  A mosquito  of  the  genus  Anopheles  is  the  host 
in  which  the  subsequent  development  of  the  parasite  occurs.  When  the 
blood  enters  the  stomach  of  the  mosquito,  the  microgametes  thrown 
off  from  the  microgametocytes  enter  and  fecundate  the  macrogametes, 
which  become  ookinets.  These  bodies,  endowed  with  motility,  penetrate 
the  mucosa  of  the  mid-intestine  of  the  gnat  and  become  oocysts  in  the 
intestinal  wall.  By  changes  already  described  (see  p.  169)  the  oocyst 
develops  into  a sporocyst  and  ruptures  into  the  body  cavity  (coelom)  of 
the  mosquito;  the  liberated  sporozoites  eventually  reach  the  salivary 
gland  of  the  gnat  and  enter  the  venom  duct,  from  which,  when  the  insect 
next  feeds,  they  are  inoculated  into  the  human  host.  The  formation 
of  flagellate  bodies  does  not  occur  in  the  circulating  blood,  but  in  properly 
prepared  mounts,  made  just  before  the  malarial  paroxysm,  the  production 
of  flagella  may  be  seen  between  fifteen  and  thirty  minutes  after  the  blood 
is  drawn.  The  protoplasm  of  the  microgametocyte  becomes  actively 
disturbed,  and  from  the  periphery  of  the  plasmodium  pointed  or  bulbous 
flagella,  often  20  /j.  to  30  in  length,  are  thrust  violently  into  the  surround- 
ing plasma  and  may  often  be  seen  lashing  contiguous  cells;  a flagellum 
loosened  from  the  microgametocyte  may  sometimes  be  seen  free  among 
the  red  cells.  In  properly  stained  specimens  each  flagellum  is  found  to 
contain  more  or  less  chromatin,  either  collected  in  the  bulbous  extremity 
or  distributed  along  the  center  of  the  filament. 

The  development  of  the  quartan  parasite — Plasmodium  malariae — 
follows  closely  that  already  outlined  as  occurring  in  the  tertian,  but  shows 
sufficiently  distinctive  characters  enabling  the  observer  to  differentiate 
the  two  organisms  The  hyaline  intracellular  form,  in  its  early  9tage, 
is  indistinguishable  from  that  of  the  tertian  parasite.  By  the  time  pig- 
mentation has  appeared  certain  differentiating  points  may  be  recognized. 
The  pigment  is  coarser,  darker,  and  sluggish;  the  outlines  of  the  parasite 
are  sharper,  and  as  it  grows  older  its  movement  becomes  less  active.  The 
infected  red  cell  shrinks  and  grows  darker,  occasionally  taking  on  the 
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Plasmodium  Malari.®. 
(Quartan  Parasite.) 

I'From  Da  Costa’s  Clinical  Hematology.; 


1.  Normal  erythrocyte. 

2.  Intracellular  hyaline  form. 

3-  Young  pigmented  intracellular  form.  Note  the  coarseness,  dark  color,  and  scantiness  of  the  pigment 
granules. 

4,  5,  6,  7.  Later  developmental  stages  of  3.  Note  the  peripheral  distribution  of  the  pigment  in  all  the 
parasites  from  3 to  8.  (Compare  size  and  color  of  the  erythrocytes  in  5,  6,  and  7,  with  7,  8,  and  9, 
Plate  I.) 

8.  Mature  intracellular  form.  Note  that  the  stroma  of  the  erythrocyte  is  no  longer  demonstrable. 

9,  10,  11.  Segmenting  forms.  In  9 are  shown  the  characteristic  radiating  lines  of  pigment.  (Compare 

with  10,  11,  and  12,  Plate  I,  and  with  10,  11,  and  12,  Plate  III.) 

12.  Large  swollen  extracellular  form.  (Compare  with  13,  Plate  I.) 

13.  Flagellate  form.  (Compare  with  14,  Plate  I.) 
i4-  Vacuolation  of  an  extracellular  form. 


(E.  P.  Faber,  fee.) 
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so-called  “brassy”  hue.  The  protoplasm  of  the  parasite  appears  denser 
and  more  grayish  than  that  of  the  tertian  form.  The  tertian  parasite 
produces  sixteen  to  twenty-four  segments,  the  quartan  eight  to  twelve. 
The  former  requires  forty-eight  hours  and  the  latter  9eventy-two  hours 
for  completing  the  hemal  cycle.  The  sexual  cycle  of  the  quartan  parasite 
follows  in  essential  detail  that  outlined  for  the  tertian. 

The  estivo-autumnal  parasite — Plasmodium  praecox  or  Plasmodium 
falciparum — varies  in  the  length  of  time  necessary  for  its  developmental 
cycle,  the  quotidian  type  requiring  twenty-four  hours  and  the  tertian 
forty-eight  hour9.  While  all  stages  in  the  evolution  of  the  quartan 
parasite  may  readily  be  obtained  in  the  peripheral  blood,  sporulating 
forms  of  the  estivo-autumnal  organism  are  never  present  peripherally. 
In  the  earlier  stages  the  intracellular  hyalin  body  is  not  unlike  similar 
forms  seen  in  tertian  and  quartan  parasites.  Soon,  however,  ameboid 
ring9  or  signet-ring  shapes  are  found,  and  rapid  changes  from  the  ring  to 
a flattened  disc  are  regarded  a9  characteristic  of  thi9  organism.  The 
pigment  i9  fine  and  never  abundant.  Segmentation  may  be  9een  in 
the  splenic  blood  drawn  during  life,  or  in  the  marrow  postmortem.  The 
segmenting  forms  are  smaller  than  in  the  other  plasmodia,  although 
following  in  a general  way  the  rosette  shape  of  the  tertian  parasite.  After 
a week  or  ten  day9  the  most  characteristic  evidence  of  estivo-autumnal 
infection  becomes  demonstrable  by  the  appearance  in  the  peripheral  cir- 
culation of  crescent,  round,  and  ovoid  bodies  usually  contained  in  the  thin 
shell  of  the  now  colorless  erythrocyte.  These  crescents  resemble  a moon 
in  the  first  quarter  with  the  points  of  the  horn9  slightly  rounded,  and 
measure  5 jjl  to  8 /j.  in  length.  The  pigment  is  usually  centrally  placed. 
The  ovoid  form9  are  commonly  smaller  than  the  crescents  and  part  of  the 
host  cell  can  nearly  always  be  shown  about  them.  It  is  evident  that 
these  structures  are  gametes.  In  the  proper  condition  the  formation  of 
flagella  may  readily  be  recognized. 


TABULATED  DATA  USEFUL  IN  DIFFERENTIATING  THE  PARASITES  FOUND  IN  -MALARIA. 


Tertian  Parasite. 

Quartan  Parasite. 

Estivo-autumnal 

Parasite. 

Hyalin  body  

Outline  indistinct;  act- 
ively ameboid. 

Outline  distinct;  ameboid 
movement  slow. 

Small,  sharply  outlined, 
active ; ring-shape  com- 
mon. 

Pigment  granules 

Fine,  light-brown,  active. 

Coarse,  dark-brown,  slug- 
gish, peripherally  placed. 

Very  fine,  scanty,  motile, 
or  stationary. 

Size  of  mature  parasite . . . 

As  large  or  larger  than 
erythrocyte,  7 n to  9 /x. 

Smaller  than  erythrocyte, 
S ix  to  6 11. 

Usually  very  much  smaller 
than  erythrocyte,  2 n to  6 /< 

Sporulation  segments .... 

15  to  24.  Usually  in  two 
rows  or  irregularly 
placed. 

6 to  12.  Arranged  sym- 
metrically around  cen- 
tral pigment. 

6 to  15  or  more.  Symmet- 
rically or  irregularly 
placed. 

Preflagellate  form 

Swollen,  pigmented  body 
9 /x  to  1 2 //in  diameter. 

Swollen,  pigmented  body 
S fi  to  8 it  in  diameter. 

Spherical,  pigmented  body, 
4 ix  to  6 /i  in  diameter. 
(Derived  from  crescents.) 

Erythrocyte 

Becomes  pale  and  greatly 
swollen. 

Becomes  dark  in  color 
and  shrunken. 

Greenish  or  “brassy”  in 
color. 

Often  crenated. 

Cycle 

48  hours. 

Sporulating  forms  not 
abundant  in  peripheral 
blood. 

72  hours. 

Sporulating  forms  fairly 
numerous  in  peripheral 
blood. 

24  or  48  hours. 

Sporulating  forms  in  spleen 
and  bone-marrow;  not  in 
peripheral  blood. 

176 


GENERAL  PATHOLOGY. 


Demonstration. — As  indicated  in  the  foregoing  the  para9ite9  of  malaria 
may  in  most  instances  be  readily  detected  by  careful  although  often 
prolonged  examination  of  freshly  drawn  blood.  Much  better  results  are 
obtained,  however,  by  appropriate  staining  methods.  The  stains  of 
Leishmann  and  of  Wright  are  especially  recommended;  these  methods 
are  given  in  detail  in  the  chapter  on  Diseases  of  the  Blood. 

In  all  forms  of  the  disease  the  so-called  malarial  paroxysm — which  in 
typical  cases  is  characterized  by  the  occurrence  of  chills,  fever,  and  sweat- 
ing— develops  at  the  time  which  corresponds  to  the  occurrence  of  sporula- 
tion  in  the  parasite.  The  symptoms  must  depend  upon  the  presence  of 
some  poison,  although  all  attempts  to  isolate  such  a body  have  been 
disappointing.  The  active  hemolysis  that  accompanies  all  forms  of  the 
disease  necessarily  throws  great  stress  upon  the  blood-forming  organs, 
and,  by  the  liberation  of  pigment,  gives  rise  to  deposits  which  are  par- 
ticularly evident  in  the  liver  and  spleen.  The  changes  in  the  organs  depend 
largely  upon  the  duration  of  the  affection.  Even  in  recent  cases  leuko- 
cytes containing  pigment  are  of  common  occurrence  and  of  great  diag- 
nostic value;  in  older  cases  the  number  of  pigmented  leukocytes  is  some- 
times most  striking.  In  the  acuter  cases  of  malaria  the  hepatic  changes 
resemble  those  seen  in  certain  bacterial  infections;  the  organ  is  swollen, 
the  epithelium  granular,  sometimes  fatty,  areas  of  focal  necrosis  occur  and 
the  biliary  passages  are  not  infrequently  the  seat  of  a well-marked  ca- 
tarrhal cholangitis.  In  more  chronic  cases  the  pigmentation  is  marked 
(slate-colored  liver),  the  fibrous  tissue  increased,  and  not  infrequently  a 
moderate  degree  of  red  atrophy  is  present.  In  both  acute  and  chronic 
cases  plasmodia  and  pigment  may  be  found  in  the  capillaries.  The  spleen 
in  acute  cases  is  soft,  the  pulp  dark,  the  endothelium  proliferating  and 
phagocytic,  and  parasites  abundant  both  within  and  without  the  red 
blood-cells.  In  chronic  malaria  the  spleen  is  enlarged  (ague-cake),  firm, 
cuts  with  resistance,  and  is  of  a slaty  hue.  The  fibrous  tissue  is  enor- 
mously increased.  In  acute  malaria  the  renal  epithelium  is  granular  and 
sometimes  fatty;  the  kidneys  are  intensely  congested,  occasionally  edema- 
tous, and  soft.  Ewing  and  others  have  demonstrated  plasmodia  in  the 
Malpighian  tufts.  In  chronic  malaria  a moderate  diffuse  nephritis  with 
some  increase  in  the  fibrous  tissue  may  be  present.  The  bone-marrow 
shows  more  or  less  hyperplasia  and  pigmentation  and  commonly  contains 
demonstrable  numbers  of  plasmodia,  many  of  which  are  sporulating. 
Sometimes  the  marrow  reverts  to  the  embryonal  type,  while  in  other 
instances  the  proliferative  changes  are  less  marked.  The  capillaries  of 
the  gastro-intestinal  mucosa  may  be  packed  with  parasites,  and  it  is 
possible  that  this  explains  the  marked  gastro-intestinal  symptoms  present 
in  some  cases.  The  cerebral  symptoms  seen  in  malaria  may  be  attributed 
to  massing  of  the  parasites  either  generally  or  locally,  or  to  the  toxemia. 
The  brain  and  cord  are  usually  edematous  or  hyperemic;  and  minute 
hemorrhages  may  be  present;  structural  changes  are  recognizable  in  the 
ganglion  cells,  which  commonly  manifest  more  or  less  chromatolysis  and 
granular  changes  in  the  dendrites  and  neurofibrils.1 

Other  protozoal  parasites  that  might  with  propriety  be  described  as 
hemosporidia  have  been  reported.  Ldwit2  believes  he  has  demonstrated 

1 For  exhaustive  review  of  the  pathologic  anatomy  of  malaria  fever,  see  Ewing, 
Jour.  Exper.  Med.,  vol.  vi,  p.  119. 

2 Die  Leukamie  als  Protozoeninfektion,  Wiesbaden,  1900. 
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Plasmodium  Pr^ecox;  Plasmodium  Falciparum. 
(Estivo-Autumnal  Parasite.) 

(From  Da  Costa’s  Clinical  Hematology.) 


1.  Normal  erythrocyte. 

2,  3.  Young  hyalin  ring-forms. 

4,  5,  6.  Intracellular  hyaline  forms.  In  4 the  parasite  appears  as  an  irregularly  shaped  disc  with  a 
thinned-out  central  area.  In  5 and  6 its  ameboid  properties  are  obvious. 

7.  Young  pigmented  intracellular  form.  Note  the  extreme  delicacy  and  small  number  of  the  pigment 
granules.  (Compare  with  6,  Plate  I,  and  with  3,  Plate  II.) 

8,  9,  Later  developmental  stages  of  7. 

10,  ii,  12.  Segmenting  forms. 

13,  14.  Crescentic  forms  at  early  stages  of  their  development. 

15,  16,  17,  18,  19.  Crescentic  forms.  In  15  and  19  a distinct  "bib”  of  the  erythrocyte  is  visible 
Vacuolation  of  a crescent  is  shown  in  18,  and  polar  arrangement  of  the  pigment  in  17. 

20.  Oval  form. 

21,  22.  Spherical  forms. 

23.  Flagellate  form. 

24.  Vacuolation  and  deformity  of  a spherical  form. 

25.  Vacuolated  leukocyte  apparently  enclosing  a dwarfed  and  shrunken  crescent. 

26.  Remains  of  a shrunken  spherical  form. 

(E.  F.  Faber,  fee.) 
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the  protozoal  origin  of  leukemia.  Graham1  and  Eberle2  attribute  dengue 
to  parasites  resembling  those  of  malaria.  The  first-named  observer 
states  that  the  Culex  fatigans  is  the  mosquito  in  which  the  sexual  cycle 
of  the  parasite  is  completed  and  by  which  the  disease  is  disseminated. 

VERMES. 

The  vermes  (worms)  of  importance  in  human  pathology  belong  to  (1) 
trematodes,  (2)  cestodes,  or  (3)  nematodes. 

Under  the  name  distomatosis  or  distomiasis  is  included  a number  of 
affections  occurring  in  man  and  lower  animals  and  due  to  trematodes, 
also  called  flukes.  Stiles3  suggests  that  the  following  clinical  forms  of 
distomatosis  be  recognized:  (a)  Ophthalmic  distomatosis,4  about  which 


Fig.  74. — Paragonimus  westermanii  (ventral  view),  ioxi. 

A,  Oral  sucker;  B,  ceca;  D,  acetabulum;  E,  genital  pore;  F,  uterus;  G,  ovary;  H,  testicles;  I, 
vitelline  glands;  K,  excretory  canal ; L,  excretory  pore.  (Braun,  after  Leuckart.) 

we  have  little  accurate  information,  as  the  condition  is  exceedingly  rare; 
(6)  pulmonary  distomatosis,  or  parasitic  hemoptysis,  with  which  should 
be  mentioned  cerebral  distomatosis,  usually  secondary  to  pulmonary 
lesions;  (c)  hepatic  distomatosis;  (d)  pancreatic  distomatosis;  ( e ) intestinal 
distomatosis;  (/)  venal  distomatosis. 

1 Medical  Record,  1902,  vol.  xli,  p.  204. 

2 New  York  Med.  Jour.,  Dec.  24,  1904,  p.  1207. 

3 I shall  take  some  liberties  with,  but  in  a general  way  will  follow,  the  admirably 
outlined  plan  suggested  by  Charles  Warded  Stiles,  Hygienic  Laboratory  Bulletin, 
No.  17,  1904.  From  the  bibliography  given  in  that  publication  the  literature  of  the 
subject  may  be  followed. 

4 I shall  make  no  further  reference  to  this  affection;  those  interested  may  consult 
Stiles’  monograph. 
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Pulmonary  distomatosis1 — parasitic  hemoptysis — is  due  to  the  Para- 
gonimus  westermanii,  also  called  the  Distoma  westermanii,  Distoma  ringeri, 
Distoma  pulmonale,  etc.  The  adult  parasite  is  8 mm.  to  io  mm.  long,  4 mm. 
to  8mm.  broad,  and  2 mm.  to  5 mm.  thick.  The  eggs  are  oval,  80  p to  ioo(« 
long,  5°  P to  90  a broad,  and  possess  a yellowish  shell;  when  hatched  they 
give  rise  to  a miracidium,  of  which  we  possess  little  accurate  information. 
The  method  by  which  infestation  in  man  occurs  is  not  known;  it  has 
usually  been  held  that  the  parasite  enters  with  the  ingesta,  but  recent 
more  accurate  knowledge  of  allied  parasites  suggests  the  possibility  of 
transcutaneous  passage.  In  man  the  disease  is  characterized  by  bron- 
chial and  pulmonary  symptoms  and  the  expectoration  of  dirty  red,  or 
reddish-brown  sputum  containing  the  eggs,  of  which  twelve  thousand  may 
be  discharged  daily.  Hemoptysis  occurs  in  most  cases.  At  autopsy  the 
parasites  are  found  in  the  bronchi  and  in  irregular  caverns  in  the  pul- 
monary tissues.  The  cavities  are  marginated  by  areas  of  induration 
associated  with  more  or  less  interstitial  pneumonia  and  peribronchial 
thickening.  Metastasis  to  the  brain  is  occasionally  seen.  It  is  charac- 
terized by  the  occurrence  of  areas  of  softening  the  peripheries  of  which  are 
infiltrated  by  mononuclear  cells;  eggs  are  present  in  the  affected  vessels. 
Cirrhosis  of  the  liver  due  to  the  ova  is  sometimes  found.  The  diagnosis  of 
pulmonary  distomatosis  is  made  by  finding  the  eggs  in  the  sputum. 

Hepatic  distomatosis  may  be  due  to  any  one  of  at  least  five  species  of 
parasite,  all  of  which  are  members  of  the  fasciolidce.  The  Fasciola 
hepatica  (common  liver  fluke,  Distoma  hepaticum)  is  20  mm.  to  50  mm. 
long,  and  8 mm.  to  1 5 mm.  wide;  the  surface  is  spiculated,  the  apices  of 
the  spines  being  directed  backward.  The  yellowish-brown  eggs  are  oval, 
125  fx  to  150  p long,  and  70  /x  to  80  jx  thick;  they  are  present  in  the  feces 
during  the  active  stages  of  the  disease.  The  Dicroccelium  lanceatum  is  a 
much  smaller  liver  fluke  and  rarely  affects  man. 

The  Opisthorchis  felineus  (Distomum  lanceolatum,  Distomum  sibi- 
riscum)  is  8.  mm.  to  15  mm.  long,  1.25  mm.  to  2.5  mm.  broad,  flat  and 
lanceolate  and  without  surface  spines.  The  eggs  are  oval,  30  p to  36  p 
by  11  jx  to  15  fx,  with  an  operculum  at  the  smaller  pole.  The  Opisthorchis 
noverca  is  9 mm.  to  12  mm.  long,  2 mm.  to  5 mm.  broad,  lanceolate  and 
with  spiculated  skin;  the  eggs  are  oval,  34  p by  19  jx  to  21  p.  The  Opis- 
thorchis sinensis  is  10  mm.  to  20  mm.  long,  2 mm.  to  5 mm.  broad,  lanceo- 
late or  oval  and  without  spines.  The  dark  brown,  oval  eggs  are  27  /x  to 
30  /i  by  1 5 //  to  17  /i. 

In  hepatic  distomatosis  the  liver  is  enlarged,  the  capsule  thickened, 
the  interstitial  tissue  increased  (cirrhosis),  and  the  bile-ducts  dilated  and 
inflamed.  The  parasites  and  eggs  are  usually  demonstrable  in  the  biliary 
passages.  The  hepatic  cells  show  granular  or  fatty  changes,  the  pe- 
riphery of  the  lobule  is  frequently  infiltrated  by  round  cells,  and  areas  of 
necrosis  are  usually  present. 

Of  pancreatic  distomatosis  but  little  is  known.  It  is  caused  by  the 
migration  of  flukes  into  the  pancreatic  duct  and  is  characterized  by  dila- 
tation and  inflammation  of  the  ducts,  necrosis  of  the  pancreatic  tissue, 
interstitial  pancreatitis,  and  sometimes  areas  of  hemorrhage.  The  condi- 
tion may  be  produced  by  some  of  the  flukes  causing  hepatic  distomatosis. 

Intestinal  distomatosis  is  a manifestation  of  the  irritant  action  of  flukes 

1 Stiles,  Proceed.  Path.  Soc.  of  Phila.,  Feb.  1,  1901,  vol.  iv,  p.  61;  Taniguchi, 
Archiv.  f.  Psychiatrie  und  Nervenkrank,  vol.  xxxviii,  1904;  Mackenzie,  Jour.  Amer. 
Med.  Assoc.,  April  30,  1904,  p.  1133. 
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or  their  eggs  upon  the  intestinal  mucosa.  Of  the  relatively  large  numbers 
of  trematodes  that  are  occasionally  found  in  the  intestine  but  little  is 
known  as  to  their  special  action  on  this  part  of  the  alimentary  canal. 
Stiles  describes  the  parasites  found,  and  those  interested  may  consult  his 
paper. 

The  trematodes  to  which  reference  has  been  made  in  the  preceding 
paragraphs  are  flat,  oblong  or  conical,  hermaphrodite  worms  possessing 
two  suckers  (hence  the  name  di-stoma) ; the  anterior  or 
oral  sucker  is  in  front  of  the  mesially  placed  second 
sucker,  called  the  acetabulum.  The  oral  sucker  leads 
into  a short  tube  (pharynx  and  esophagus)  which,  an- 
terior to  the  acetabulum,  bifurcates,  giving  rise  to  two  con- 
voluted tubules,  one  of  which  traverses  each  side  of  the 
parasite,  and  terminates  as  a blind  sac  in  the  posterior 
part  of  the  worm.  There  are  usually  two  round  or 
lobate  testes,  one  on  each  side,  and  an  extremely  complex 
uterus  and  ovisacs  in  which  the  developing  eggs  may  be 
detected.  The  parasite  possesses  no  anus,  although  an 
excretory  pore  may  be  recognized.  The  hatched  eggs 
develop  into  a miracidium,  for  the  further  evolution  of 
which  a second  host  is  necessary. 

The  Schistosomiases  include  two  forms  of  parasitic 
disease,  the  parasites  inhabiting  the  portal  system.  The  Schistosoma 
haematobium,  also  known  as  Bilharzia  haematobia  and  Distoma  haema- 
tobium, produces  an  affection  which  has  received  the  name  Bilharziosis1 
and  is  characterized  by  lesions  in  the  bladder,  rectum,  portal  system, 
and  liver.  The  frequent  presence  of  blood  in  the  urine  led  to  the  affec- 
tion being  called  parasitic  hematuria. 

Unlike  the  flukes  already  described  this  parasite  is  not  hermaphroditic. 
The  male  is  10  mm.  to  15  mm.  long,  1 mm.  wide,  the  lateral  margins  curved 
toward  the  ventral  aspect,  forming  the  canalis  gynaecophorus  for  the 
reception  of  the  female.  The  dorsal  surface  is  marked  by  small  warty 
projections  permitting  the  parasite  to  cling  to  the  vessel  walls.  The 
filiform  female  is  20  mm.  long,  pointed  at  the  ends  and  0.25  mm.  thick  in 
the  middle  and  considerably  thinner  than  the  male.  The  surface  is  also 
spiculated;  the  oral  sucker  and  acetabulum  in  both  sexes  are  not  unlike 
similar  structures  in  other  flukes.  Sambon  thought  that  another  parasite 
of  the  same  group  which  he  called  the  S.  mansoni,  was  frequently  con- 
founded with  the  S.  haematobium  Looss  does  not  believe  that  the  evi- 
dence at  present  available  is  sufficient  to  justify  the  recognition  of  Sam- 
bon’s  parasite.  The  parasites  inhabit  the  portal  circulation,  and  the  mor- 
bid processes  with  which  they  are  associated  are  attributed  to  the  injury 
produced  by  the  spiculated  ova,  of  which  the  female  produces  large  num- 
bers; the  rather  transparent  yellowish  eggs  are  oval,  120  p to  160  p long, 
50  p to  60  p broad,  and  possess  a shell  with  a sharp  spine  projecting  from  one 
end;  laterally  placed  spines,  occasionally  observed,  are  thought  by  Looss  to 
be  malformed  eggs.  During  life  the  eggs  are  found  in  the  urine  and  in  the 
feces.  Postmortem  they  are  abundant  in  the  vesical  wall,  rectum,  ureter, 

1 Madden,  Bilharziosis,  1907.  Looss,  Annals  of  Trop.  Med.  and  Parasit.,  July, 
1908;  Phalen  and  Nichols,  Philippine  Jour,  of  Sci.,  July,  1908;  Looss,  Brit.  Med. 
Jour.,  March  27,  1909,  p.  773;  Gobel,  Berl.  klin.  Woch.,  Julys,  1909;  Madden 
and  Richards,  Jour,  of  Trop.  Med.,  xii,  No.  6,  1910;  Jones,  Jour,  of  Trop.  Med., 
xii,  No.  8,  1910. 
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and  liver.  Urinary  fistula  are  not  uncommon;  vesical  lithiasis  occurs  in 
ten  to  fifteen  per  cent,  of  the  cases.  The  eggs  in  the  bladder  wall  give  rise 
to  a chronic  cystitis,  to  marked  connective-tissue  proliferation  and  hyper- 
trophy, and  to  papillomatous  or  polypoid  growths  of  the  mucosa.  The 
ureters  may  be  as  large  as  the  small  intestine ; hydronephrosis  and  pyone- 
phrosis occur.  When  the  rectum  is  involved,  the  mucosa  resembles  a rich 
red  velvet,  and  numerous  polypoid  papillomas  may  be  present.  The 
liver  is  usually  enlarged  and  may  weigh  three  kilos.  The  connective  tissue 
is  enormously  increased,  the  incised  surface  of  a peculiar  drab  color,  and, 
in  addition  to  the  cirrhosis,  properly  prepared  sections  show  the  presence 


Fig.  76. — Schistosomum  haematobium;  Male,  with  Female  in  Gynecophorous  Groove. 

{Braun,  after  Looss.) 

of  typical  eggs  or  shells,  or  eggs  with  lateral  spines.  Letulle  has  de- 
scribed a special  form  of  phlebitis  due  to  the  parasite. 

The  diagnosis  of  venal  distomatosis  during  life  is  based  on  the  demon- 
stration of  spiculated  eggs,  particularly  in  the  few  drops  of  bloody  urine 
voided  at  the  end  of  micturition.  An  important  diagnostic  point  is  the 
notable  increase  in  eosinophiles  usually  present.  In  50  cases  examined 
by  Douglas  and  Hardy  the  average  percentage  of  eosinophiles  was  38.48. 
The  lowest  percentage  was  1.3 ; in  rare  cases  one-half  of  the  leukocytes  are 
eosinophiles.  For  finding  the  parasites  postmortem,  Sandwith  recom- 
mends that  the  blood,  from  the  portal  vein,  be  scooped  out  with  a spoon 
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and  placed  in  a glass  dish ; in  the  thin  layers  secured  in  this  way  the  para- 
sites may  readily  be  recognized.  The  number  of  parasites  in  the  portal 
blood  is  usually  not  large,  although  in  one  of  Sandwith’s  cases  400  were 
found. 

The  Schistosoma  japonicum,1  described  by  Katsurada  and  later  by 
Catto,  resembles  the  S.  haematobium.  The  male  is  7 mm.  to  15  mm.  long, 
possesses  a gynecophorous  groove  and  a more  prominent  ventral  sucker 
than  the  S.  haematobium.  The  ova  are  smaller,  measuring  50  to  100  a 
by  25  /<  to  70  fi.  They  are  brownish-yellow  and  without  spines;  usually 
an  ovoidal  embryo  can  be  seen  within  the  egg,  and  if  the  egg  be  broken 
by  pressure  on  the  cover-glass  the  discharged  embryo  is  seen  to  be  ciliated. 
The  eggs  are  found  in  large  numbers  in  the  feces  and  are  not  likely  to  be 
present  in  the  urine.  The  patients  manifest  varying  degrees  of  anemia, 
often  marked  dropsy,  and  sometimes  extreme  emaciation.  The  stools 
are  frequently  bloody.  The  liver  and  spleen  are  enlarged,  the  former 
usually  manifesting  a notable  increase  in  connective  tissue  (parasitic 
cirrhosis) . 

The  second  important  group  of  vermes  affecting  man  are  the  ces- 
todes  or  tapeworms.  The  fully  formed  adult  worm  (strobila)  consists 
of  a head  (scolex),  to  which  are  attached  the  flattened  segments  (pro- 
glottides), of  which,  in  some  of  the  tapeworms,  a thousand  or  more  may 
be  joined  end  to  end,  forming  a band-like  body.  The  neck  is  usually 
composed  of  immature  proglottides.  Each  fully  developed  proglottis 
or  segment  is  hermaphroditic,  containing  a uterus  and  its  appendages, 
testicular  gland,  and  duct;  the  sexual  opening  (genital  pore)  is  located 
in  the  margin  of  the  proglottis  in  the  Taeniae  and  near  the  center  of  the 
flattened  surface  of  the  Dibothriocephalidae.  The  head  is  surmounted 
by  special  organs  enabling  the  parasite  to  attach  itself  to  the  intestinal 
mucosa;  the  bodies  accomplishing  this  are  either  suctorial  discs  or  grooves, 
or  a rostellum  armed  with  hooklets;  some  of  the  tapeworms  are  supplied 
with  suctorial  discs  and  also  hooklets.  Parasites  possessing  the  latter 
structure  are  called  armed  tapeworms. 

Like  a number  of  other  animal  parasites  to  which  reference  has  been 
made,  the  tapeworms  do  not  complete  their  development  in  a single  host. 
Most  of  the  cestodes  are  adult  parasites  in  man  and  pass  their  so-called 
larval  stage  in  one  of  the  lower  animals.  The  eggs  escaping  from  the 
human  intestine  enter  another  host,  in  the  tissues  of  which  a cyst  con- 
taining the  developing  larvae  is  produced ; man  consuming  meat  containing 
these  parasites  digests  the  capsule,  and  liberates  the  parasite  in  his  own 
alimentary  canal.  With  regard  to  the  Taenia  echinococcus,  man  occupies 
the  position  of  host  for  the  larvae,  the  adult  worm  occurring  in  the  dog. 

Frequently  a tapeworm  in  the  alimentary  canal  is  not  evinced  by 
any  conspicuous  manifestations;  in  other  cases,  however,  the  nutrition 
of  the  host  is  profoundly  influenced.  The  local  irritation  produced  by 
the  worm  is  usually  slight,  and  an  important  question  has  been  raised  as 
to  whether  or  not  these  parasites  produce  definite  poisons.  Massineo 
and  Calamida,2  Faber  and  Bloch,3  Isaac  and  von  den  Velden,4  and  others 

1 Tsunoda,  Sem.  Med.,  1908,  p.  569;  Whitmore,  Arch.  Intern.  Med.,  May,  1908; 
Logan,  Boston  Med.  g.nd  Surg.  Jour.,  July  1,  1909;  Katsurada,  Centralbl.  f.  Bakt., 
Bd.  liii,  H.  5,  p.  519,  1910. 

2 Jour.  Med.  Vet.  et  Zootech.,  Sept.,  1901. 

3 Hospitalstidende,  Copenhagen,  vol.  xlvi,  No.  36. 

4 Deut.  med.  Woch.,  1904,  xxx,  p.  982. 
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believe  that  in  the  dibothriocephalus  some  hemolytic  substance  is  pro- 
duced, through  the  action  of  which  the  accompanying  anemia  is  brought 
about.  Schauman  and  Talqvist  find  that  different  specimens  of  the 
dibothriocephalus  are  not  of  equal  toxicity,  and  this  may  explain  why 
in  some  cases  the  worm  causes  anemia  while  in  others  it  does  not.  The 
following  are  the  important  cestodes  occurring  in  man. 

Taenia  mediocanellata1  or  saginata,  or  beef  tapeworm.  The  head  is 
quadrate,  1.5  mm.  to  2.25  mm.,  surmounted  by  four  suckers  arranged 
in  a quadrangular  outline,  in  the  center  of  which  is  a fifth  rudimentary 
sucker  or  flattened  groove;  the  head  is  void  of  hooklets,  hence  the  worm  is 
known  as  the  “unarmed  tapeworm.”  The  head  is  attached  to  a slender 
neck  varying  in  length  and  terminating  in  the  first  link,  proglottis,  zooid, 


Fig.  77. — T.enia  saginata.  {Gould.)  Fig.  78. — Cephalic  End  of  T^nia  saginata 

A.  Retracted  head.  B.  Extended  head. 

or  segment — terms  used  synonymously.  The  segments  when  fully  devel- 
oped are  between  8 mm.  and  io  mm.  broad  and  about  18  mm.  long,  and 
thicker  than  the  proglottides  of  the  taenia  solium;  like  all  tapeworms, 
each  segment  is  hermaphroditic.  The  genital  pores  are  placed  laterally; 
the  uterus  shows  dichotomous  branching  more  characteristically  than  the 
Taenia  solium;  the  number  of  branches  varies,  but  is  approximately 
fifteen;  the  segments  are  commonly  thrown  off  spontaneously,  while  the 
Taenia  solium  rarely  sheds  a single  proglottis.  The  length  of  the  worm 
varies  greatly;  the  number  of  segments  may  exceed  1000,  and  the  entire 
worm  may  measure  between  four  meters  and  ten  meters.  The  ova  con- 
stantly appear  in  the  stools,  and  the  segments  show  the  uterus  distended 
with  them.  Each  ovum  is  ovoid — egg-shaped — with  a striated  outer 

1 Braun,  Die  thierisehen  Parasiten  des  Menschen,  1909. 
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membrane  and  a thick  shell;  the  length  is  30  y and  the  width  25  y.  The 
eggs  and  segments  discharged  in  the  feces  are  ingested  by  the  ox;  the  larva 
or  juvenile  parasite  is  liberated,  and  reaches  the  muscles,  for  the  most  part, 
although  it  has  been  observed  in  the  heart,  lungs,  and  liver.  At  the  point 
of  deposit  there  develops  a cyst,  varying  in  size  from  2 mm.  to  2 cm.  in 
diameter,  whitish  in  color,  and  oval  in  outline.  In  this  is  the  larval  worm ; 
the  cyst  wall  is  of  connective  tissue.  In  this  stage  the  parasite  is  known 
as  cysticercus  saginata.  Beef  rarely  contains  many  such  cysts,  and  their 
small  size  not  uncommonly  causes  them  to  be  overlooked.  Beef  contain- 
ing the  cysts  is  said  to  show  “measles.”  It  is  not  known  that  man  suffers 
from  cysticercus  saginata. 

Taenia  solium,  also  known  as  the  pork  tapeworm,  solitary  tapeworm,  and 
armed  tapeworm.  The  name  Taenia  solium,  or  solitary  tapeworm,  is 
not  appropriate,  as  the  pork  tapeworm  is  more  commonly  multiple  than 
the  Taenia  saginata;  indeed,  Leidy  regarded  the  latter  as  rarely  multiple. 
The  adult  parasite  is  a soft,  white,  band-like  worm,  rarely  over  four 
meters  in  length.  The  head  is  round,  0.5  mm.  to  1 mm.  in  diameter; 
there  are  four  discoid  or  cup-like  suckers  and  a centrally  placed  papilla, 
proboscis,  snout,  or  rostellum,  surmounted  by  two  rows  of  hooklets,  each 
row  having  from  twelve  to  fourteen  hooklets;  the  hooklets  of  the  inner 
row  are  the  larger.  The  neck  is  very  thin,  about  2.5  cm.  in  length,  ter- 
minating in  the  gradually  developing  segments.  The  segments  are  from 
10  mm.  to  12  mm.  long,  and  from  6 to  8 mm.  broad.  The  proglottides 
differ  in  this  respect  from  those  of  the  beef  tapeworm;  the  segments  nearer 
the  head  may  be  much  broader  than  long.  The  uterus  is  broader,  coarser, 
and  the  median  tube  larger,  with  fewer  branches — six  to  ten,  but  little 
over  half  the  number  commonly  seen  in  the  beef  tapeworm.  The  eggs 
are  about  the  same  size  as  those  of  the  Taenia  saginata,  30  y to  35  y,  but 
more  spheroid. 

The  scolex,  larval,  juvenile,  or  cysticercus  form  of  the  Taenia  solium 
has  long  been  known,  but  Kiichenmeister,  by  feeding  experiments,  dem- 
onstrated that  the  so-called  cysticercus  cellulosae  is  but  the  larval  form  of 
the  Taenia  solium.  The  larvae  are  most  frequently  developed  in  the  hog, 
gaining  ingress  as  already  described  when  considering  the  similar  stage 
in  the  beef  tapeworm.  The  habits  of  the  hog,  however,  render  “ measles” 
much  more  common  in  that  animal  than  in  the  ox.  Either  by  the  acci- 
. dental  contamination  of  the  hands,  and  subsequent  ingestion  of  the  ova, 
■’or  possibly  by  regurgitation  during  vomiting,  occasionally  the  ova  reach 
the  human  stomach;  as  in  the  beef  larvae  in  the  ox,  the  liberated  larva 
of  the  solium  in  man  may  become  widely  disseminated.  Cysticercosis, 
most  common  in  the  insane,  is  usually  the  result  of  coprophagv.  When 
the  parasite  lodges,  a cyst  follows,  and  whether  in  man  or  the  hog,  a 
“measle”  results.  The  cyst  formed  is  much  larger,  as  a rule,  than  in  the 
ox,  and  may  attain  the  size  of  20  mm.,  the  beef  measle  rarely  exceeding 
7 mm.  While  the  beef  measle  is  rarely,  if  ever,  seen  in  man,  this  form  is 
not  infrequent.  The  method  of  invasion  is  probably  the  same  from  both 
cysticerci;  both  the  embryos,  when  liberated  in  the  stomach,  have  six 
hooklets,  arranged  in  pairs,  by  which  they  tear  and  propel  their  passage 
through  the  wall  of  the  viscus. 

There  are  a number  of  tapeworms  of  the  genus  Hymenolepis1  occur- 

1 Barnabo,  Lo  Sperimentale,  Sept,  to  Oct.,  1906;  Deaderick,  International 
Clinics,  vol.  iv,  19th  Series;  Schloss,  Arch,  of  Pediatrics,  Feb.,  1910. 


184 


GENERAL  PATHOLOGY. 


ring  in  man.  The  most  important  of  these  is  the  Hymenolepis  nana,  also 
called  the  Tcenia  nana.  The  parasite  is  5 mm.  to  25  mm.  long,  and  0.25 
mm.  to  0.5  mm.  in  breadth.  The  head  is  round,  215  p to  480  p in  diam- 
eter; it  possesses  four  suckers  and  a retractile  rostellum  armed  with 
twenty-four  to  twenty-eight  hooklets  arranged  in  a single  row.  The 
hooklets  vary  in  length  from  4 p to  18  p.  The  length  of  the  proglottides 
is  much  less  than  their  breadth ; the  genital  pores  open  on  the  left  margin 
near  the  anterior  border  of  the  proglottis.  The  fully  formed  segments 
are  distended  with  eggs;  a single  proglottis  may  contain  as  many  as  100 
ova.  The  size  of  the  egg  varies  materially;  Ransom  gives  from  36  p by 


Fig.  79. — Hymenolepis  nana,  X 10.  {Gould,  after  Leuckart.) 


32  p,  to  56  p by  42  p.  Infection  by  the  parasite  is  not  common;  Ransom 
has  been  able  to  collect  106  cases.  Most  of  the  patients  are  males,  and 
usually  children.  Another  parasite  belonging  to  the  same  genus  is  the 
Hymenolepis  diminuta  {Tcenia  flavopunctata) ; the  length  of- the  strobile 
rarely  exceeds  60  mm.,  the  width  2.5  mm.  by  4 mm.  The  globular  head 
measures  200  p to  600  p,  possesses  suckers  and  rudimentary  unarmed  ros- 
tellum; the  eggs  are  round  or  slightly  oval,  64  p to  80  p in  diameter.  The 
parasite  is  also  found  in  rats.  The  larvas  are  developed  in  meal  moths 
and  beetles. 


Fig.  80. — Head  of  T^jnia  solium.  On  the  Fig.  8i. — Cysticercus  cellulose.  Completion 

Right,  Egg  of  T/enia  solium.  {Gould.)  of  Head  Formation.  {After  Leuckart. — Coplin 

and  Bevan.)  X 12  diameters. 

Taenia  Echinococcus1  or  Dog  Tapeworm. — The  sexually  mature  worm 
inhabits  the  intestine  of  the  dog  and  wolf.  It  is  an  insignificant  parasite  in 
appearance  when  compared  with  the  larger  forms,  rarely  attaining  a length 
of  5 mm.  When  fully  developed,  there  are  three  or  four  segments; 
the  anterior  is  slender  and  is  continuous  with  the  head;  the  following  seg- 
ment is  the  shortest,  and  the  posterior,  the  longest.  Often  more  than  half 
of  the  length  of  the  parasite  is  in  the  last  segment ; from  time  to  time  the 

1 Lyon,  Virginia  Med.  Semi-Monthly,  Jan.  10,  1902;  Melnikow-Raswedenkow 
Zeigler’s  Beitr.,  1901,  Bd.  iv,  Suppl.;  Beha,  Inaug.  Diss.  Freiberg,  1904;  Spoo, 
Inaug.  Diss.,  Greifswald,  1909. 
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large  link  is  thrown  off,  so  that  it  is  not  uncommon  to  find  but  the  three 
proglottides.  The  worm  is  short  lived,  and  is  probably  the  least  prolific 
of  the  cestodes;  this  is  compensated  for  by  the  proliferative  power  of  the 
parasite  in  the  juvenile  or  larval  stage.  The  anterior  segment,  or  scolex, 
is  surmounted  by  four  suctorial  discs,  anterior  to  which,  between  the 
quadrately  placed  sucking  discs,  is  the  rostellum,  with  its  hooklets,  num- 
bering from  thirty  to  forty.  The  adult  worm  is  not  found  in  man.  The 
ova  thrown  off  by  the  parasite,  entering  the  alimentary  canal  of  man 
and  some  lower  animals,  hatch  the  embryo,  which,  wandering  into  the 
tissues  of  some  organ,  develops  into  a cyst — the  encysted  parasite.  These 
cysts  occur  in  three  forms: 

i.  Echinoccous  scolicipariens,  Echinococcus  granulosus,  or  Echino- 
coccus veterinorum,  is  a bladder-like  cyst,  varying  in  size,  often  5 cm. 


to  15  cm.,  or  even  20  cm.,  in  diameter.  The  wall  of  the  cyst  is  formed 
of  two  layers,  as  a rule,  easily  distinguished  from  adjacent  structures 
and  from  each  other.  The  outer  layer  is  supplied  by  the  invaded  organ, 
and  is  called  the  cuticular  membrane,  the  tissue  of  which  shows  distinct 
lamination;  the  inner  layer,  which  is  finely  granular,  constitutes  the 
granular  or  parenchyma  layer.  When  the  cyst  has  attained  a diameter 
of  2 cm.  to  10  cm.  the  development  of  brood  capsules  begins.  These 
are  found  attached  to  the  granular  layer,  first  as  dot-like  bodies,  later  as 
distinct  cysts,  in  which  many  young  parasites  occur;  hence  they  are 
spoken  of  as  brood  cysts.  The  heads  or  scolices,  projecting  into  the  cyst, 
are  about  0.3  mm.  long,  have  developed  four  suckers,  and  a rostellum  with 
attached  hooklets;  the  interior  shows  a vascular  system  and  sometimes 
granular,  chalk-like  bodies  within;  at  times  a parasite  may  be  found  with 
the  scolex  invaginated  into  the  posterior  part  of  the  body,  as  though 
retracted. 

2.  Echinococcus  hydatidosus,  Echinococcus  altricipariens,  or  Echino- 
coccus hominis,  is  characterized  by  the  development  of  daughter  cysts, 
probably  from  degeneration  of  the  brood  capsules  already  described. 


ft 


Fig.  82. — Hymenolepis  diminuta. 


Fig.  83. — T.«nia  echinococcus.  ( After  Leuckart- 


— Coplin  and  Bevan.) 


a.  Adult  parasite,  b.  Head  of  Echinococcus  vet- 
erinorum. On  the  left,  a detached  hooklet,  as 
seen  in  fluid  from  cyst. 
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From  the  daughter  cysts  another  generation  of  parasites  may  develop, 
forming  still  another  series  of  cysts.  The  number  of  daughter  cysts 
may  be  enormous:  as  given  by  Thoma,  1000. 

3.  Echinococcus  multilocularis1  bears  little  resemblance  to  the  forms 
just  mentioned;  the  cysts  never  attain  any  great  size,  but  occur  in  enor- 
mous numbers.  The  liver  is  the  common  site  of  this  form,  which  is 
very  rare  in  the  other  organs.  Earlier  observers  regarded  the  growth 
as  an  alveolar,  colloid  tumor.  The  cysts  rarely  attain  a diameter  exceed- 
ing 1 cm.,  are  spheric  or  ovoid,  the  wall  formed  by  a dense  con- 
nective-tissue membrane,  which,  under  the  microscope,  may  contain 
still  smaller  alveoli ; the  alveoli  are  filled  with  a more  or  less  gelatinoid 
or  colloid  material  containing  a few  of  the  histologic  elements  of  the 
scolex.  Often  only  on  prolonged  examination  can  these  be  demonstrated. 
The  cysts  may  communicate  with  one  another.  From  careful  studies 
Melnikow-Raswedenkow,  Deve  and  others  are  convinced  that  multilocular 
echinococcal  disease  is  due  to  a special  parasite.  The  geographic  dis- 


Fig.  84. — Hydatid  Cyst,  Showing  Daughter  Cysts. 

In  the  lower  part  of  the  figure  is  a whitish  mass  containing  parts  of  the  walls  of  ruptured  daughter  cysts. 
The  thick  wall  of  the  mother  cyst  is  well  shown.  (Removed  by  Dr.  H.  R.  Loux  from  the  liver  of  a 
man  aged  twenty-seven  years.  The  illustration  is  two-thirds  the  natural  size.  Weight,  197  gm. 
The  patient  recovered.) 

tribution  of  the  two  forms  is  not  the  same;  there  are  areas  in  Europe  in 
which  the  multilocular  form  is  common  and  the  classic  echinococcus  is 
almost  unknown. 

Echinococcal  cysts  may  occur  in  almost  any  part  of  the  body.  In 
over  fifty  per  cent,  of  the  cases  the  liver  is  affected.  The  lungs  are  in- 
volved in  about  ten  per  cent.,  kidneys  ten  per  cent.,  the  muscles,  sub- 
cutaneous tissues,  and  bones,  ten  per  cent.,  central  nervous  system  five 
per  cent.,  and  the  remainder  distributed  in  the  sexual  organs,  spleen, 
heart,  eye,  and  orbit;  of  the  latter  about  fifty  cases  are  on  record.  Mar- 

1 W.  Ramsay  Smith,  Medicine,  1905,  p.  729;  Posselt,  Munch,  med.  Woch. 
March  20,  1906. 
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shall  could  find  but  three  cases  in  which  the  eyeball  was  involved.  Occa- 
sionally the  cysts  are  in  the  myocardium,  and  there  are  recorded  instances 
in  which  a cyst  loose  in  the  circulation  caused  death  by  occluding'  the 
pulmonary  artery.1 

Demonstration. — The  diagnosis  of  echinococcus-cyst  is  commonly 
based  upon  finding  the  hooklets  or  scolices.  The  presence  of  a fluid 
with  a comparatively  low  specific  gravity,  and  nonalbuminous  or  con- 
taining but  a minute  trace  of  albumin,  should  always  be  looked  upon 
as  indicating  an  echinococcus  collection.  When  the  fluid  is  clear  and 
contains  but  a small  quantity  of  suspended  material,  sedimentation 
should  be  permitted  to  take  place,  and  the  sediment  may  be  further 
brought  together  by  the  centrifuge,  if  necessary.  A small  quantity 
of  the  sediment  is  placed  on  a slide  in  the  same  manner  as  directed  for 
urine;  examination  made  by  the  £-inch  objective  will  usually  show 


Fig.  85. — Echinococcus.  A Group  op  Scolices. 
( From  Dr.  Loux's  case,  see  Fig.  84.  i-in  obj. ; 
-in.  oc.) 


a 

Fig.  86. — Echinococcus. 

Sr.olex:  a,  pedicle  of  attachment  to  endocyst.'”’Just 
above  are  shown  the  somewhat  disarranged  hook- 
lets.  ( From  Dr.  Loux’s  case,  see  Fig.  84.  I-in. 
boj.;  i-in.  oc.) 


the  hooklets  quite  plainly.  Occasionally,  coccidial  cysts,  and  possibly 
cysts  arising  from  other  causes,  contain  sickle-shaped  bodies,  which  may 
mislead  the  inexperienced.  The  hooklets  of  the  echinococcus  have  on  the 
concave  side  a knob,  or  protuberance,  or  hump,  the  appearance  of  which  is 
not  fully  reproduced  by  anything  with  which  the  author  is  familiar.  The 
brood  capsules  and  contained  scolices  can  rarely  be  demonstrated  in  the 
fluid  drawn  from  such  cysts  by  tapping.  If,  however,  the  cyst  wall  be 
accessible,  gentle  scraping  will  usually  detach  the  capsules,  some  of  which 
may  escape  rupturing.  These  are  best  shown  on  the  slide  under  com- 
paratively low  magnification — i-inch  or  £-inch  objective.  (See  Figs. 
85  and  86). 

Occasionally,  the  cyst  may  be  inspissated  as  a result  of  the  death  of  the 
contained  parasites.  Under  such  circumstances  the  contents  may  be  cheesy, 
resembling  the  caseous  masses  occurring  in  the  lesions  of  tuberculosis  and 
syphilis.  The  demonstration  of  the  hooklets  in  this  material  becomes 
somewhat  more  difficult.  A considerable  quantity  of  the  suspected  ma- 
terial should  be  washed  in  alcohol,  the  alcohol  drained  off,  and  the  washing 
repeated;  this  may  be  followed  by  washing  in  ether  to  complete  removal 

1 Quill,  Jour,  of  Royal  Army  Med.  Corps,  April,  1904. 
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of  any  fat,  and,  finally,  the  remaining  sediment  may  be  transferred  to  the 
slide  and  examined  as  already  directed.  If  these  directions  are  carefully 
followed,  the  hooklets  can  usually  be  found;  sometimes,  however,  pro- 
longed search  is  necessary. 

lhe  Dibothriocephalus  latus1  ( Tcenia  lata , Bothriocephalus  latus,  broad 
tapeworm)  is  the  largest  cestode,  often  attaining  a 
length  of  5 to  io  meters  and  comprising  2000  to  4000 
proglottides.  Usually  but  one  parasite  is  present, 
although  Zinn  reported  a case  in  which  there  were 
seven. 

The  head  is  clavate,  rather  elongated,  has  a long 
elliptic  sucker  on  each  side,  measures  about  1.5  mm. 
long  by  1 mm.  wide,  and  is  without  either  rostellum 
or  hooklets.  The  fully  developed  joints  are  from  two 
to  four  times  as  broad  as  long;  the  breadth  of  the  link  may 
reach  1.8  cm.  The  genital  aperture  is  always  on  the  ventral  aspect,  and  is 
central.  The  eggs  are  brownish,  oval,  60  /x  to  70  jx  in  length,  40  /<  t045  <x 
broad,  and  the  shell  is  furnished  with  a lid  or  operculum,  through  which, 


Fig.  87.- — Echino- 
coccus- HOOk- 
lets%  ( From  Dr. 
Loux’s  case,  see 
F i g . 84.  £-in. 

obj.;  i-in.  oc.) 


Fig.  88.  Fig.  90. 

Fig.  88. — Dibothriocephalus  Latus.  ( After  Leuckart. — Gould.) 

Fig.  89.— Free-swimming  Embryo  of  the  Dibothriocephalus  Latus.  {After  Leuckart  ■ — Gould ) 
Fig.  90. — Club-shaped  Head  of  the  Dibothriocephalus  Latus.  {After  Leuckart.— Gould.) 

A.  Seen  from  the  edge.  B.  Seen  from  the  flat  surface. 


after  some  months  in  water,  the  embryo  escapes.  Braun  has  observed 
scolices,  believed  to  be  of  the  dibothriocephalus,  in  pike  and  trout,  and 

1 Fleckseder  and  Stejskal,  Wien.  klin.  Woch.,  July  14,  1904,  p.  793;  Edsall, 
Amer.  Med.,  Dec.  24,  1904,  p.  1087. 
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by  feeding  the  fish  to  dogs  has  led  to  the  development  of  the  tapeworm 
in  the  dog. 

Of  twenty  nine  cases  reported  in  this  country  all  of  the  patients  were 
foreign  born.  The  presence  of  the  parasite  in  the  intestine  is  frequently, 
although  not  constantly,  accompanied  by  an  intense  anemia  resembling 
pernicious  anemia  and  which,  if  untreated,  is  commonly  fatal.  The  recog- 
nition of  dibothriocephalus  infestation  depends  upon  the  demonstration 
of  segments,  or  ova,  in  the  feces.  The  almost  square  proglottides, 
with  the  genital  openings  centrally  located,  and  the  simple  convoluted 
uterus  containing  eggs,  render  the  diagnosis  not  difficult.  The  slightly 
elongated  ovum  with  the  operculum  or  lid  situated  at  one  end  usually 
permits  a ready  diagnosis. 

The  nematodes  occurring  in  man  are  cylin- 
drical worms  usually  tapering  at  both  ends. 

They  are  not  hermaphroditic  and  the  females 
are  generally  larger  than  the  males.  For  com- 
plete development  some  of  the  nematodes  re- 
quire two  hosts;  others  may  pass  from  egg  to 
adult  worm  in  a single  individual. 

The  Ascaris  lumbricoides1  is  a yellowish  or 
yellowish-brown  worm,  varying  in  length ; the  fe- 
male measures  about  15  cm.  to  30  cm.;  the  male, 

9 cm.  to  20  cm.  The  worm  is  striated  trans- 
versely and  possesses  four  longitudinal  bands. 

Round  worms  are  most  common  in  children, 
occupying  the  upper  portion  of  the  small  intes- 
tine, from  which  they  may  wander  into  the  bile- 
ducts,  stomach,  esophagus,  nose,  Eustachian 
tube,  and  larynx.  The  number  in  any  case 
varies;  they  are  rarely  numerous.  The  ova  are 
ellipsoid,  50  /r  to  70  /x  in  their  longest  diameter 
and  35  jn  to  50  /x  in  width;  each  egg  possesses  a 
dense  enveloping  membrane. 

Collected  in  masses  ascarides  may  give  rise 
to  intestinal  obstruction.  Ordinarily  the  worm 
does  not  migrate  into  the  stomach,  but  occa- 
sionally it  does  so  and  is  vomited.  In  typhoid  Mc 0 1 d e T’md aEgg s l u (cfp- 
and  scarlet  fevers,  or  other  conditions  in  which  lin  and  Sevan.) 
the  patient  is  greatly  weakened  or  unconscious, 

the  parasites  may  collect  in  numbers  in  the  esophagus  and  cause  collapse 
of  the  larynx  by  pressure;  in  other  instances  they  wander  into  the  larynx 
and  may  occlude  the  chink,  giving  rise  to  fatal  asphyxia.  The  profes- 
sion is  not  agreed  as  to  the  possibility  of  lumbricoides  penetrating  or 
perforating  the  intestinal  wall.  Usually  when  the  parasites  are  found 
in  the  peritoneal  cavity  they  have  escaped  through  perforations  due  to 
other  causes.  Evans  states  that  in  the  pig  they  are  frequently  found 
attached  to  the  mucosa,  and  numerous  cases  have  been  reported  in  man 
where  it  was  believed  that  the  worm  had  perforated  the  gut.  It  has 
usually  been  held  that  ascarides  produce  no  poison.  Pierantoni  has 

1 See  Braun,  foot-note,  p.  182;  Vaullegeard,  Bull.,  Soc.  Linn.  Normandie,  ^e 
Ser.,  1901;  Wagner,  Dcut.  med.  Woch.,  vol.  xxviii;  Pierantoni,  Gazz.  Osped., 
May  31,  1903;  Lucksch,  Wien.  klin.  Woch.,  1905,  No.  15;  Goldschmidt,  Munch, 
med.  Woch.,  Sept.  20,  1910,  p.  1991- 
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shown  that  lumbricoides  yield  toxic  substances  which  produce  mydriasis, 
and  is  of  the  opinion  that  the  nervous  symptoms  sometimes  seen  in  these 
cases  may  be  due  to  toxic  substances  derived  from  the  parasite.  Gold- 
schmidt believes  that  toxic  substances  are  produced  by  the  parasite. 

The  Oxyuris  vermicularis 1 ( thread-worm  or  pin-worm)  inhabits  the 
colon  and  rectum,  occasionally,  in  the  female,  invading  also  the  vagina. 
The  female  parasite  is  8 mm.  to  12  mm.,  and  the  male  3 mm.  to  6 mm.,  in 
length.  The  oval  egg  is  30  p to  50  p long,  20  p to  30  p wide,  and  possesses 
a thin  shell  which  offers  some  protection  to  the  contained  embryo  when 
subjected  to  the  influence  of  drying.  The  parasite  wanders  from  the  anus 
and  provokes  violent  itching,  Avhich  not  uncommonly  causes  the  patient 
to  lacerate  the  skin  by  scratching;  this  in  turn  is  followed  by  infection, 
giving  rise  to  refractory  inflammation  or  even  ulceration.  As  no  inter- 
mediate host  is  necessary,  the  patient  may  be  reinfected  by  ova  carried  to 
the  mouth  on  the  hands  soiled  by  scratching.  From  the  time  the  ova 
enter  the  mouth  about  two  weeks  are  necessary  for  the  adult  worm  to 


Fig.  93. — Male  Trichocephalus  trichiurus, 
or  Whipworm. 

A large  part  of  the  cephalic  end  of  the  worm  has 
transfixed  a fold  of  the  intestinal  mucosa. 
{Cohen). 

appear  in  the  feces.  The  worm  has  been  found  in  the  appendix  singly 
and  in  masses,  and  is  a possible  cause  of  appendicitis. 

The  round  worm,  usually  known  as  the  Trichocephalus  dispar2  (whip- 
worm), is  properly  called  the  Trichocephalus  trichiurus.  The  anterior 
two-thirds  of  the  parasite  is  thread-like  or  filamentary;  the  remainder  is 
conic,  and  in  the  male  is  coiled  like  a spring.  The  female  is  4 cm.  to  5 cm. 
long,  the  male  somewhat  shorter.  The  yellowish-brown  oval  eggs  are  50  p 
long  and  20  p in  diameter,  and  at  each  end  possess  a knob-like  protuberance. 
The  parasite  inhabits  the  colon,  particularly  the  cecum,  and  may  invade 
the  small  intestine  and  the  vermiform  appendix.  Girard3  has  shown  that 
the  cephalic  end  of  the  parasite  may  be  imbedded  in  the  mucosa  of 
the  appendix.  Askanazy  has  found  that  the  Trichocephalus  abstracts 
blood;  Becker4  and  others  have  reported  cases  of  severe  anemia  showing 

1 Wagener,  Virch.  Arch.,  1905,  Bd.  clxxxii,  H.  1,  p.  145;  Edens,  Centralbl.  f. 
Bakt.,  1905,  Bd.  clxxxii,  H.  4.,  p,  449;  Lediard,  Lancet,  Sept.  17,  1910  p.,  878. 

2 Kahane,  Corr.-Bl.  f.  Schweizer  Aerzte,  April  15,  1907;  Cade  and  Garin,  Arch, 
d.  Mai.  d.  l’Appareil  digestif  et  de  la  Nutrition,  June,  1910. 

3 Annales  de  l’lnst.  Pasteur,  1901,  t.  xv. 

4 Deut.  med.  Woch.,  June  26,  1902. 


Fig.  92. — Oxyuris  vermicularis.  ( Coplin  and 
Bevan.) 

a.  Male.  b.  Female. 
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no  improvement  until,  by  appropriate  treatment,  the  parasites  have  been 
removed.  Marked  anemia,  sometimes  with  definite  toxic  symptoms,  diar- 
rhea, muco-membranous  colitis,  and  sometimes  fever,  have  been  attrib- 
uted to  the  parasite.  Cade  and  Garin  state  that  eosinophilia  is  prac- 
tically constant  in  trichocephalus  infestation. 

Strongyloides  intestinalis1  ( Anguillula  intestinalis,  or  Anguillula  ster- 
coralis)  is  found  in  the  upper  part  of  the  small  intestine;  rarely  the  adult 
worm  may  be  present  in  the  feces.  The  female  is  1.5  mm.  to  2 mm. 
long,  0.05  mm.  to  0.07  mm.  broad.  The  male  has  not  been  identified,  and 
it  has  been  suggested  that  the  eggs  are  parthenogenetic,  giving  rise  to  both 
male  and  female  embryos.  The  body  tapers  anteriorly  and  posteriorly 
terminates  bluntly.  The  eggs  can  be  seen  in  the  interior  of  the  parasite, 
sometimes  containing  embryos;  when  hatched,  the  embryo  is  slander, 
actively  motile,  rarely  measuring  0.5  mm.  The  parasite  is  frequently 
present  in  diarrhea,  of  which  it  is  said  to  be  a cause.  Gage  has  observed 
larvae  in  the  human  lung. 

Trichiniasis2  is  a disease  affecting  man  and  due  to  the  Trichina  spi- 
ralis, or  more  correctly  Trichinella  spiralis.  The  life  of  the  parasite  may 
be  divided  into  three  stages:  the  embryo,  the  encysted  larva,  and  the  adult 
worm.  According  to  Stiles,  the  encapsulated  larvae  has  been  found  in 
about  twenty-five  different  mammals,  including  man;  it  is  most  common 
in  the  hog;  man  is  usually  infested  by  the  consumption  of  trichinous 
pork. 

In  muscle  the  parasite,  in  the  form  of  its  embryo,  is  seen  as  a coiled-up 
worm  0.05  mm.  in  length,  surrounded  by  a capsule  that  at  first  is  trans- 
lucent, later  becoming  opaque,  and  eventually  calcareous.  If  meat 
containing  living  embryos  be  eaten,  the  capsules  are  digested  in  the 
stomach,  the  embryos  liberated,  and  their  final  development  into  the  adult 
worm  completed  in  the  small  intestine.  The  fully  grown  female  trichi- 
nella measures  3 mm.  to  5 mm.,  the  male  about  half  as  much.  The 
adult  parasite  inhabits  the  duodenum  and  jejunum,  in  which  she  liberates 
the  embryos.  It  is  not  certain  whether  the  latter  are  thrown  off  in  the 
intestinal  cavity,  from  which  they  penetrate  the  wall  of  the  gut,  or  the 
adult  female  enters  the  intestinal  wall  and  discharges  the  embryos  in  the 
lymph  or  blood-vessels.  The  dissemination  of  the  embryo  is  evidently 
accomplished  through  the  blood  and  lymph  streams;  living  embryos  have 
been  detected  in  the  peripheral  blood. 

Although  not  infrequently  found  in  other  tissues,  the  destination  of 
the  worm  seems  to  be  in  the  voluntary  muscles;  here  it  coils  up,  and  is 
surrounded  by  a capsule  partly  produced  by  the  reaction  of  the 
surrounding  tissue.  The  changes  that  this  capsule  undergoes  have  al- 
ready been  noted.  It  is  estimated  that  from  1000  to  2000  embryos  may 
be  hatched  by  a single  female  trichinella.  The  dissemination  of  these, 
by  the  route  previously  indicated,  may  be  associated  with  fever,  muscle 

1 Jour,  of  Exper.  Med.,  1901-05,  vol.  vi,  p.  75;  exhaustive  discussion  of  the 
parasite  with  full  bibliography,  by  Thayer.  See  also  Wainwright  and  Nichols, 
Med.  News,  1904,  p.  785;  Gage,  Jour.  Med.  Research,  Aug.,  1910,  p.  177. 

2 Babes,  Centralbl.  f.  Bakt.,  Bd.  xlii,  1906,  p.  616;  i'rothingham,  Jour.  Med. 
Research,  vol.  xix,  No.  2,  Oct.,  1908;  Staubli,  Trichinosis,  Wiesbaden,  1909; 
Gaisbock,  Wien.  klin.  Woch.,  March  25,  1909;  Boecale,  Munch,  med.  Woch., 
March  22,  1910,  p.  641;  Herrick  and  Janeway,  Arch.  Intern.  Med.,  April  15,  1909, 
p.  263;  Frothingham,  Arch.  Intern.  Med.,  Jan.  15,  1909,  p.  505;  Mercur  and 
Barach,  Arch.  Intern.  Med.,  May  15,  1910,  p.  530;  Thompson,  Amer.  Jour.  Med. 
Sci.,  Aug.,  1910;  Cross,  Arch.  Intern.  Med.,  Sept.  15,  1910,  p.  301. 
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pains,  more  or  less  edema,  and  even  paralysis.  A small  percentage  of 
the  cases  terminates  fatally.  A recent  and  important  contribution  to  the 
diagnosis  of  trichiniasis  is  the  discovery  of  the  enormous  increase  of  the 
eosinophile  cells  in  the  blood.  The  lesion  in  the  muscle  is  essentially  a 
parasitic  myositis  through  the  activity  of  which  the  encapsulating  fibrous 
tissue  is  produced.  It  is  not  known  how  long  encapsulated  embryos 
remain  alive  in  the  muscle;  Babes  records  a case  of  trichiniasis  of  twenty- 
one  years’  duration  with  living  trichinella. 

Demonstration. — This  may  be  accomplished  by  teasing  the  suspected 
muscle  as  follows:  Clean  a slide  thoroughly  and  breathe  upon  its  surface, 

thereby  slightly  moistening  it;  upon  the  moistened  surface  lay  a frag- 
ment of  the  muscle  to  be  examined;  with  needles  tear  the  fragment 
to  pieces;1  add  a drop  of  glycerin  and  a cover- glass;  examine  with  a 
ij-inch  or  |-inch  objective.  In  order  to  make  the  specimen  perma- 
nent, wash  out  the  glycerin  with  water,  dehydrate  with  alcohol,  clear  in 
creasote  or  oil  of  cloves,  apply  balsam,  and  cover.  The  fragment  of 
muscle  may  be  obtained  by  incision,  using  cocain  as  a local  anesthetic,  or 
it  may  be  removed  by  a punch  or  harpoon. 


Fig.  94. — Trichinellas  in  the  Gastrocnemius  Fig.  95. — Cephalic  Extremity  of  Uncinaria 
Muscle  of  Man;  Oblique  Section.  duodenalis  (Old-World  Hook-worm), 

Two  fairly  well  preserved  parasites  and  capsules.  Ptofile  and  Front  View.  {After  Leuc- 

kart. — Gould.) 

Uncinariasis,2  also  called  ankylostomiasis,  results  from  the  presence 
in  the  intestine  of  a hook-worm  of  the  genus  Uncinaria,  family  Strongy- 
lida.  Originally  two  species  were  recognized — Uncinaria  duodenale  and 
Uncinaria  americana.  The  latter  has  now  been  identified  as  a distinct 
genus  and  is  called  the  Necator  americanus.  Notwithstanding  the  generic 
distinction  the  term  uncinariasis  applies  to  infestment  by  either  parasite. 
The  American  parasite  differs  from  the  old-world  hook-worm  in  the 
character  of  its  oral  armature  and  the  size  of  the  ova.  The  Uncinaria 
duodenalis  is  identified  by  the  fact  that  the  mouth  possesses  two  pairs  of 
hook-like  ventral  teeth  and  one  pair  of  dorsal  teeth.  The  ova  measure  50 
to  60  ti  by  3 2 ft.  In  the  new- world  parasite  the  two  pairs  of  ventral  hooklets 
are  replaced  by  semilunar  plates  or  lips  and  one  pair  of  similar  dorsal 
structures;  there  are  also  a dorsal,  conic,  median  tooth  which  projects 
into  the  buccal  cavity,  and  deep  in  the  capsule  one  pair  of  dorsal  and  one 
pair  of  ventral  submedian  lancets.  The  ova  measure  64  ji  to  76  fi  by  36  /t 
to  40  [l. 

The  female  uncinaria  measures  9 mm.  to  16  mm.,  and  the  male 
7 mm.  to  9 mm.  The  head  of  the  parasite  is  bent  backward,  giving 

1 This  procedure  is  technically  known  as  “teasing”  the  specimen. 

2 Schuffner,  Centralbl.  f.  Bakt.,  Bd.  xl,  H.  5,  1906,  p.  683;  Papper,  Jour.  Med. 
Research,  March,  1908,  p.  75;  Whipple,  Jour.  Exper.  Med.,  vol.  xi,  No.  2,  1909; 
Lemann,  Arch.  Intern.  Med.,  Aug.,  1910,  p.  139;  Chamberlain,  Philippine  Jour. 
Sci.,  Sect.  B,  Aug.,  1910;  Stiles,  Public  Health  Bull.  No.  32,  1910. 
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Parasitic  Bodies,  Ova  and  Larva  Met  in  the  Human  Feces, 
i,  Larval  strongyloides  intestinalis;  2,  ovum  of  Fasciola  hepatica;  3,  ovum  of  Hymenolepis  nana;  4 
ovum  of  Uncinaria  duodenalis;  5,  ovum  of  Necator  americanus;  6,  ovum  of  Taenia  mediocanellata 
7,  ovum  of  Taenia  solium;  8,  ovum  of  Opisthorchis  sinensis:  9,  ovum  of  Opisthorchis  felineus; 
10,  ovum  of  Cotylogonimus  heterophyes;  11,  ovum  of  Dipylidium  caninum;  12,  ovum  of  Ascaris 
lumbricoides;  13,  ovum  of  Dicrocoelium  lanceatum;  14,  ovum  of  Dibothriocephalus  latus;  15,  ovum 
of  Trichiuris  trichiura;  16,  ovum  of  Oxyuris  vermicularis.  (Tyson.) 
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the  cephalic  end  the  contour  of  a hook,  from  which  it  receives  its  name. 
The  posterior  end  of  the  female  is  conic,  that  of  the  male  flaring  or  um- 
brella-like, and  from  the  center  projects  the  sheath  containing  the  penis. 
The  eggs  when  passed  may  show  segmentation  or  contain  a developing 
embryo  which  often  can  be  seen  moving  inside  the  shell.  The  further 
development  of  the  parasite  is  accomplished  in  moist  earth,  in  which,  after 
a number  of  ecdyses,  it  becomes  encysted  and  ready  to  infect  man. 

The  belief,  at  one  time  prevailing,  that  infection  occurred  almost  exclu- 
sively through  water,  has  been  largely  abandoned.  The  observations 
of  Looss,  corroborated  by  Claude  A.  Smith  and  others,  have  clearly  estab- 
lished that  the  parasite  enters  through  the  skin.  There  is  no  doubt  that  a 
papular,  vesicular,  or  pustular  lesion  (ground  itch)  may  occur  at  the  point 
of  inoculation,  although  this  frequently  escapes  observation;  it  is  probable 
that  the  parasite  passes  by  the  circulation  to  the  lung,  where,  on  account 


Fig.  96. — Duodenum  showing  Attached  Uncinari.e. 

A,  A.  Papilla-like  elevations  with  central  depressions  resulting  from  detachment  of  parasites.  ( Specimen 
presented  to  the  Museum  of  the  Jefferson  Medical  College  by  Capt.  C.  F.  Kieffer,  U.  S.  A. 

of  its  size,  the  capillaries  are  ruptured,  and  with  the  sputum  the  worm  is 
swallowed,  finally  lodging  in  the  duodenum.  The  transcutaneous 
infestation  is  probably  not  the  only  way  by  which  the  parasite  reaches 
the  intestine.  Dirt-eaters  introduce  the  parasite  in  a form  adapted  to  its 
further  development  in  the  alimentary  canal.  The  point  of  attachment 
corresponds  to  the  area  of  maximum  alkalinity  of  the  bowel  contents, 
extending  from  the  second  portion  of  the  duodenum  to  the  upper  end  of 
the  ileum.  The  number  of  parasites  present  may  be  enormous;  Ernst 
found  2768  in  the  intestine  of  a brick-maker.  Sometimes  the  worm  is 
half  buried  in  the  intestinal  mucosa.  The  number  found  attached  at 
autopsy  is  usually  not  large.  Often  small  elevations  with  blood-marked 
punctures  in  the  center  indicate  the  points  from  which  the  parasites  have 
become  loosened. 
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The  lesions  produced  by  the  uncinaria  may  be  brought  about  partly 
by  the  loss  of  blood  induced  through  the  wounding  of  the  duodenum, 
partly  by  the  associated  inflammatory  processes,  which  may  not  be 
marked,  and  possibly,  to  a certain  extent,  by  the  absorption  of  meta- 
bolic products  elaborated  by  the  parasite.  Allen  J.  Smith  and  Loeb 
have  shown  that  the  uncinaria  of  the  dog  produces  a hemolytic  poison, 
and  it  is  probable  that  some  similar  toxic  substance  is  elaborated  by  the 
hook-worms  in  man.  Ordinarily  the  amount  of  blood  extracted  can- 
not be  large,  although  no  doubt  the  continued  loss  of  a small  quantity 
must  exert  considerable  influence  on  the  blood-making  organs.  That 
more  blood  is  lost  than  is  actually  drawn  by  the  parasite  is  shown  by 
the  occasional  presence  of  submucous  hemorrhages  at  points  where  the 
parasites  have  been  attached;  occasionally  these  small  blood-cysts  con- 
tain a hook-worm.  More  or  less  fatty  degeneration  occurs  in  the  heart, 
liver,  and  kidneys;  the  periphery  of  the  liver  lobules  not  uncommonly  con- 
tains an  orange-yellow  pigment,  arid  there  may  be  areas  of  necrosis  sur- 
rounding the  intralobular  vein.  The  presence  of  fat  and  pigment  and 
the  occurrence  of  necrosis  strongly  indicate  the  action  of  some  toxic  sub- 
stance. The  hemoglobin  is  low  (about  forty  per  cent.)  and  the  eryth- 


rocytes reduced  to  2,500,000,  although  counts  of  less  than  1,000,000 
have  frequently  been  observed.  Poikilocytosis,  polychromatophilia,  and 
nucleated  red  cells  occur  in  marked  cases.  Eosinophilia  is  the  most 
prominent  feature,  and  over  two-thirds  of  the  leukocytes  may  be  of  this 
type.  Sometimes  the  lymphocytes  are  increased  and  peculiar  myelocytes 
are  occasionally  observed.  The  polymorphonuclear  cells  are  as  markedly 
reduced  as  the  number  of  eosinophiles  is  increased;  otherwise  the  per- 
centage is  not  materially  altered. 

Filariasis  should  properly  include  all  the  morbid  conditions  due  to 
filaria,  but,  apparently  by  general  consent  I believe,  the  name  is  largely, 
if  not  exclusively,  restricted  to  manifestations  associated  with  the  presence 
of  filaria  embryos  in  the  blood.  Two  filarial  diseases  will  be  considered, 
one  manifested  by  the  presence  of  embryos  in  the  circulating  blood,  and 
the  other  in  which  the  only  manifestation  is  a local  one  due  to  a peculiarity 
in  the  method  by  which  the  parent  worm  extrudes  her  embryos. 

The  term  Filaria  sanguinis  hominis1  is  applied  to  filaria  embryos 

1 Penel,  Les  Filaires  du  Sang  de  l’Homme,  1905;  Ashburn  and  Craig,  Amer. 
jour.  Med.  Sci.,  Sept.,  1906;  Cunningham,  Annals  of  Surgery,  Oct.,  1906;  Whyte, 
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Fig.  97. — Filaria  Embryo.  (From  F.  P.  Henry's  case.) 

The  two  embryos  shown  above  were  drawn  from  3 -inch  objective;  the  lower  from  J-inch  objective 

Red  blood-cells  are  introduced  for  comparison. 


jour.  Trop.  Med.  and  Hyg.,  June  15,  1909. 
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that  are  found  in  the  circulating  blood.  The  parasite,  as  seen  in  the 
blood,  is  an  actively  motile,  cylindric  body,  about  the  diameter  of  an 
erythrocyte,  0.2  mm.  to  0.3  mm.  long,  somewhat  blunted  anteriorly 
and  sharp  or  truncated  at  the  tail  end.  In  some  of  the  embryos  there 
is  a refractile  V-shaped  spot  near  the  cephalic  extremity.  Manson 
suggests  that  this  is  a rudimentary  water  vascular  system.  An  im- 
portant differentiation  between  the  filaria  is  the  now  thoroughly  estab- 
lished fact  that  in  certain  types  of  the  affection  the  embryos  are  found 
in  the  peripheral  blood  during  the  day-time  only  ( Filaria  sanguinis 
hominis  diurna),  others  are  found  at  night  ( Filaria  sanguinis  hominis 
nocturna ) and  not  in  the  day-time,  and  in  another  group  they  are  con- 
stantly present  in  the  peripheral  blood  ( Filaria  sanguinis  hominis  per- 
stans).  The  following  table  by  Prout1  shows  the  resemblances  and 
important  differences  between  the  three  filariae  mentioned: 


TABLE  SHOWING  IMPORTANT  CHARACTERS  OF  THREE  EMBRYO  FILARI.E. 


F.  DIURNA. 

F.  NOCTURNA. 

F.  PERSTANS. 

Length 

0 . 3 mm. 

0 . 23  mm. 

Breadth 

0 . 0075  mm. 

0 . 004  s 5 mm. 

Sheath 

Present. 

Absent. 

Head 

(?) 

Cephalic  armature,  six- 
lipped. 

Papillated. 

Tail 

Sharp. 

Truncated. 

Bodv 

gation. 

Ill-defined  aggregation. 

No  central  aggregation. 

V spot 

Present. 

Absent. 

More  is  known  of  the  filaria  nocturna  than  of  other  members  of  the 
group.  While,  as  its  name  indicates,  it  is  found  in  the  peripheral  blood 
in  the  night-time  only,  if  the  host  changes  his  habits  and  is  active  during 
the  night,  sleeping  in  the  day-time,  the  period  of  peripheral  appearance 
of  the  parasite  is  also  perturbed  and  may  be  reversed.  The  embryo  is 
transferred  from  man  to  man  by  the  mosquito  (Culex  fatigans  and  certain 
Anopheles),  in  which  it  undergoes  important  developmental  changes. 
In  the  stomach  of  the  mosquito  the  filaria  sheds  its  sheath,  penetrates  the 
intestinal  wall,  enlarges  and  undergoes  a further  metamorphosis,  finally 
reaching  the  labium  and  proboscis,  from  which  it  enters  the  blood  of  the 
next  individual  bitten. 

In  order  to  demonstrate  the  embryos  in  the  blood  it  is  necessary  to 
make  the  examination  at  a time  corresponding  to  the  habits  of  the 
particular  filaria  sought.  A fairly  large  drop  of  the  freshly  drawn  blood 
is  placed  on  the  slide  and  a cover-glass  at  once  applied.  The  actively 
motile  embryo  is  easily  recognizable,  even  with  low  powers,  and  usu- 
ally is  observed  lashing  about  among  the  cells,  coiling  and  uncoiling  and 
sometimes  progressing  in  an  aimless  sort  of  way.  After  a few  hours, 
and  especially  when  cooled,  the  movements  become  less  rapid,  eventually 
sluggish,  and  finally  cease.  Permanent  mounts  may  be  prepared  from 
dry  films,  fixed  for  fifteen  minutes  in  a mixture  composed  of  equal  parts 
of  absolute  alcohol  and  ether;  after  fixation  the  spread  is  air-dried  and 
stained  for  five  minutes  in  a one  per  cent,  aqueous  solution  of  thionin; 
wash  in  water,  dry,  and  mount  in  balsam.  The  stains  devised  by  Leish- 

1 Brit.  Med.  Jour.,  Jan.  26,  1901,  p.  210.  I have  omitted  the  column  describing 
the  organism  of  which  Prout  writes. 
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man,  Jenner,  and  Wright1  may  be  used,  but  give  less  satisfactory  results. 

The  adult  parasite  producing  the  embryo  of  the  Filaria  sanguinis 
hominis  noctuma  is  called  the  Filaria  bancrofti,  and  inhabits  the  lym- 
phatics of  the  trunk — particularly  of  the  abdomen — and  occasionally  the 
extremities.  Sometimes  a number  (six  or  seven)  of  the  adult  worms 
occur  together.  The  parasite  may  be  in  the  lymphatics  of  the  scrotum, 
inguinal  region,  or  retroperitoneal  lymph-vessels.  Although  the  embryos 
circulating  in  the  blood — estimated  by  Manson  to  number  40,000,000 
or  50,000,000 — give  rise  to  no  important  pathologic  process,  there 
are  a number  of  more  or  less  grave  conditions  resulting  from  the  lymph 
stasis  and  inflammatory  phenomena  induced  by  the  presence  of  the 
parent  worm  in  the  lymph-vessels.  The  Filaria  bancrofti  is  a hair-like 
parasite  1 mm.  to  2 mm.  in  diameter  and  sometimes  attaining  1 meter  in 
length.  As  is  usual  with  parasites,  the  male  is  the  smaller.  The  lesions 


Fig.  98. — Section  of  Head  of  Mosquito  showing  Filaria  in  Position  to  be  Inoculated  during  the 

Act  of  Biting.  ( From  Howard,  after  Manson.) 

produced  by  the  adult  worm  are  grouped  under  the  names  elephantiasis 
and  elephantoid  disease. 

Elephantiasis  usually  affects  either  the  lower  extremities  or  the  scro- 
tum. It  is  commonly  preceded  by  lymphangitis,  which  is  followed  by  a 
gradually  evolved,  but  eventually  enormous,  hyperplasia  of  the  con- 
nective tissues.  Manson  believes  that  the  extensive  lymphatic  obstruc- 
tion and  connective-tissue  overgrowth  are  due  to  the  premature  escape  of 
ova  into  the  lymph-spaces.  The  extent  of  the  connective-tissue  hyper- 
plasia may  be  indicated  by  the  fact  that  the  scrotum  may  attain  a weight 
of  200  pounds,  and  the  leg  at  the  calf  may  measure  24  to  30  inches  in 
circumference. 

Manson  considers  chyluria,  varicose  inguinal  glands,  lymph  scrotum, 
and  chylocele  as  elephantoid  diseases.  The  first  of  these  (chyluria)  is 
characterized  by  a milky  white  or  pinkish  urine  which  may  contain  co- 
agula  or  undergo  spontaneous  coagulation,  so  that  if  the  urine  be  passed 
into  a glass,  the  latter  may  be  inverted  without  spilling  the  contents. 
In  some  cases  the  urine  also  contains  blood — hematochyluria.  Varicose 

1 See  Chapter  I,  Part  II;  Technic  of  Blood  Examination. 
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inguinal  glands  are  manifested  by  a lobulated  enlargement  near  the 
base  of  Scarpa’s  triangle.  In  lymph  scrotum  a milky  or  pinkish  fluid 
collects  in  the  connective  tissues  or  in  the  manifestly  varicose  lymphatics 
of  the  organ.  In  chylocele  the  tunica  vaginalis  contains  lymphous  fluid, 
milky  or  reddish  in  color.  In  the  chylous  urine  and  lymph  obtained  by 
pricking  the  tissues  or  tapping  the  lymph- vessels  not  infrequently  filaria 
embryos  or  eggs  are  found.  Pyogenic  infection  may  give  rise  to  suppura- 
tive processes  in  the  lymph  scrotum,  in  varicose  lymph-nodes,  and, 
though  less  commonly,  in  the  hyperplastic  connective  tissues  of  filarial 
elephantiasis. 

Dracontiasis1  or  guinea-worm  disease  is  an  affection  due  to  the  Filaria 

medinensis  ( Dracunculus  medinensis,  guinea-worm) , of  which  the  female 
only  is  known.  Powell  has  demonstrated  that  the  period  between 


Fig.  99. — Elephantiasis  of  the  Scrotum. 

The  mass  weighed  nearly  15  kilos  (31  pounds).  A.  Penis. 


infection  and  the  appearance  of  the  worm  is  about  one  year.  The 
female  is  about  60  cm.  to  90  cm.  in  length  and  2 mm.  in  diameter,  and 
is  commonly  solitary,  although  not  always  so.  It  is  usually  claimed  that 
the  parasites — probably  both  male  and  female — enter  with  the  food; 
only  the  female  develops.  It  penetrates  the  mucosa  and  eventually 
reaches  the  subcutaneous  tissue,  in  which  it  completes  its  development. 
Harrington  does  not  believe  in  the  entrance  of  the  parasite  through 
the  alimentary  canal.  He  is  of  the  opinion  that  it  is  introduced  either 
in  some  embryonic  form,  as  by  the  mosquito,  or  that  in  some  other 

'Francis,  Amer.  Med.,  Oct.  26,  1901;  Powell,  Brit.  Med.  Jour.,  Jan.  9,  1904, 
p.  73;  Beclere,  Soc.  med.  des.  Hop.,  July  17,  1903;  Powell,  Trans,  of  the  Bombay 
Med.  and  Physical  Soc.,  Sept.,  1903;  Remlingcr,  C.  R.  Soc.  de  Biol.,  1904,  vol. 
lvii,  p.  76. 
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way  it  gains  access  to  the  subcutaneous  tissues  directly  from  without. 
In  no  other  way  is  it  possible  to  explain  the  fact  that  over  seventy-five 
per  cent,  of  the  lesions  occur  in  the  lower  extremities,  and  the  greater 
number  below  the  knee.  During  the  period  in  which  the  parasite  is 

developing  in  the  subcutaneous  tissues 
it  may  be  distinctly  palpable;  finally 
suppuration  ensues  and  the  worm  is  cast 
off,  with  innumerable  ova;  the  latter, 
when  thrown  into  water,  penetrate  the 
cyclops,  in  which  further  development 
occurs.  The  parasite  has  been  observed 
in  a patient,  a native  and  always  a resi- 
dent, of  Philadelphia,  but  it  is  rare  in 
this  country. 

In  filariasis  due  to  the  Filaria  san- 
guinis hominis  a moderate  increase  in 
the  eosinophiles  is  not  uncommon.  In 
dracontiasis  thirty  to  forty  per  cent,  of 
the  leukocytes  may  be  eosinophiles. 

Among  the  other  filaria  occasionally 
observed  in  man  are:  Filaria  bron- 
chialis,  found  in  the  bronchi;  Filaria 
loa1  (3  cm.),  found  in  the  conjunctiva; 
Filaria  hominis  oris,  in  the  mouth,  etc. 

The  most  important  of  the  Arthro- 
podae  affecting  man  are  the  mites  or 
ticks  belonging  to  the  Acaridas.  The 
diseases  produced  by  the  mites  are  called 
Acarinoses. 

Scabies  or  itch  is  due  to  the  Acarus 
scabiei  ( Sar copies  hominis  or  itchmite). 
The  female  is  nearly  double  the  size  of 
the  male,  and  can  often  be  picked  out 
of  the  furrows  found  in  the  skin  in  cases 
of  itch.  The  parasite  is  from  0.2  mm. 
to  0.5  mm.  in  length,  and  over  one-half 
as  broad.  It  possesses  four  pairs  of  legs, 
two  pairs  anteriorly  and  two  posteriorly.  From  each  of  the  foremost 
pair  of  the  anterior  legs,  extend  delicate  processes,  supplied  at  the  distal 
end  with  discoid  terminations  for  attaching  themselves  to  surfaces;  in  the 
male  these  addenda  are  on  the  hindermost  pair.  The  other  legs  end  in 
bristles.  The  posterior  border  is  marginated  by  a number  of  bristle-like 
hairs;  similar  hairs  are  seen  on  the  rounded  head  of  the  mite. 

The  parasite  burrows  into  the  epidermis,  in  which  it  forms  cavernous 
systems  attended  with  inflammation  of  the  adjacent  Malpighian  layer. 
In  the  cuticular  caverns  the  female  deposits  her  eggs,  which  hatch  into 
young  mites.  These  burrow,  shed  their  external  coatings,  and  repeat  the 
process  of  reproduction.  • 

Leptus  autumnalis,  or  harvest-mite  (larva  of  trombidae),  is  a red-colored 
parasite  deposited  upon  the  skin  from  grass,  bushes,  and  certain  cereals;  it 
induces  inflammation  by  its  bite  and  by  boring  into  the  epidermis. 


Fig.  1 00. — Filaria  Medinensis. 
a.  Anterior  extremity;  O,  mouth;  P,  pap- 
illae; b,  female,  reduced  to  less  than 
half  normal  adult  size;  c,  larvae,  enlar- 
ged. ( Braun  after  Claus.) 


1 Ward,  Jour.  Infect.  Dis.,  March  2,  1906,  p.  37. 
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Pentastoma  denticulatum1  is  the  juvenile  form  of  the  Pentastoma 
taenioides.  The  mature  female  is  50  mm.  to  125  mm.  in  length  and  6 mm. 
to  10  mm.  broad;  the  male  is  much  smaller — 15  mm.  to  25  mm.  longhand 
2 mm.  to  5 mm.  in  breadth.  The  larva  is  between  3 mm.  and  5 mm.  in 
length,  and  is  from  1 mm.  to  2 mm.  wide — an  egg-shaped  mass  occasionally 
found  in  the  viscera.  The  mature  worm  is  found  in  the  frontal,  nasal,  and 
maxillary  sinuses  of  some  of  the  domestic  animals. 

The  Demodex,  or  Acarus  folliculorum  hominis,  inhabits  the  ducts 
of  sebaceous  glands  and  occasionally  the  hair-follicles.  It  is  broad  just 
back  of  the  head,  from  which  point  it  tapers  to  a blunt  hinder  extremity; 

I at  the  broadest  part  are  four  short,  thick  legs.  The  length  of  the  acarus 
varies  greatly — between  0.5  mm.  and  1 mm. — and  the  parasite  is  usually 
about  one-tenth  as  broad  at  the  widest  point. 


Fig.  ioi. — Dracontiasis,  or  Guinea-worm  Disease. 

A case  of  Filaria  medinensis  (reported  in  American  Medicine,  October,  26,1901,  by  Dr.  Edward  Francis)- 

The  abscesses  and  swelling  of  both  feet  are  well  shown.  From  the  left  foot  three  protruding  worms 

can  be  seen;  this  limb  is  the  more  swollen.  But  one  worm  can  be  seen  protruding  from  the  right  foot. 

There  were  five  worms  in  this  case;  four  are  shown.  The  patient  recovered. 

Ixodes  ricinus,  or  wood-tick,  inhabits  decaying  wood  in  dry  places 
(dry  rot  of  timber),  from  which  it  attaches  itself  to  dogs,  and  occasionally 
to  man.  The  head  is  black  or  brownish,  and  supplied  with  a boring  disc, 
which  penetrates  the  skin,  and  through  which  the  parasite  sucks  blood. 

The  Insecta. — The  important  insects  attacking  man  are  lice,  fleas, 
mosquitos,  and  flies. 

Pediculus  capitis,  pediculus  ordinarius,  head-louse  or  common  louse, 
inhabits  the  hairy  scalp.  The  adult  parasite  is  about  i mm.  to  2 mm. 
in  length,  and,  pathologically,  is  an  epizoon,  securing  nourishment  by 
attacks  upon  the  skin.  The  irritation  produced  by  the  bites  is  sometimes 
followed  by  inflammation,  which  may  be  eczematous  in  character.  The 

1 Laengner,  Centralbl.  f.  Bakt.,  1906,  Bd.  xl,  H.  3,  1906,  p.  368. 
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Fig.  io2. — Acarus  scabiei. 


eggs  are  oval,  with  slightly  flattened  ends,  and  are  attached  to  the  hair  by  a 
chitinous  cement,  which  also  covers  them.  An  egg  hatches  out  in  from 
seven  to  ten  days. 

Pediculus  vestimenti,  Pediculus  corporis  humanus,  clothes-louse  or 
body-louse,  inhabits  the  clothing,  in  which  it  deposits  its  eggs.  The  fully 
developed  parasite  is  considerably  larger  than  the  head-louse.  From  the 

clothing  the  parasite  makes  incursions  to  the 
skin,  from  which  it  obtains  nourishment.  The 
bites  induce  changes  similar  to  those  of  the  head- 
louse. 

Pediculus  pubis,  Pediculus  inguinalis,  Phthi- 
rius  pubis  or  inguinalis,  or  crab-louse,  infests 
the  hairy  pubis,  axilla,  and,  rarely,  the  beard  and 
eyebrows.  The  parasite  is  smaller  than  either 
the  head-louse  or  body-louse.  Its  habits  are 
practically  the  same  as  those  of  the  head-louse. 

Cimex  lectularia,  Cimex  hirundinis,  or  bedbug, 
dwells  in  beds,  floors,  and  cracks  of  woodwork, 
from  which  it  invades  the  skin,  the  bites  pro- 
ducing slight  inflammatory  lesions.  The  adult 
cimex  is  3 mm.  to  6 mm.  in  length;  the  eggs  are 
laid  between  the  months  of  April  and  October, 
and  require  eleven  weeks  to  hatch  and  develop 

the  mature  parasite. 

Pulex  irritans,  Pulex  hominis,  or  human  flea;  the  Pulex  serraticeps, 
Pulex  felis,  Pulex  canis,  or  dog  flea.  The  two  parasites  closely  resemble 
each  other,  and  by  some  are  held  to  be  identical.  They  infest  the  hair 
of  the  dog  and  cat,  from  these  animals  wandering  to  man.  Closely 
related  to  these  is  the  sand-flea,  Pulex  minimus  cutem  penetrans,  or  Pulex 
penetrans,  an  exceedingly  annoying  parasite,  smaller  than  either  of  the 
foregoing,  and  found  in  the  sandy  areas  of  the  tropics  and  subtropics. 

Mosquitos  or  gnats,  occupying  an  important  position  in  human  path- 
ology, belong  to  subdivisions  of  the  parasitic  genera  known  as  the  Culex,1 
Anopheles,  and  Stegomyia.  The  local  lesions  induced  by  the  bites  of 
these  parasites  are  now  considered  of  more  significance  than  formerly. 
Their  relation  to  the  spread  of  malaria,  filariases,  and  other  parasitic 
diseases  is  discussed  elsewhere. 

Myiasis2  is  a term  applied  to  pathologic  conditions  in  which  the 
larvae  of  flies  are  found.  The  human  excrement  not  uncommonly  con- 
tains larvae  of  one  kind  or  another,  but  it  is  not  known  that  the  parasites 
provoke  any  important  disturbance.  Maggots,  occasionally  seen  in 
dead  tissues,  and,  before  the  antiseptic  methods  of  to-day,  one  of  the 
parasites  found  in  wounds,  are  the  larval  forms  of  certain  flies.  The 
eggs  deposited  on  the  wound  surface,  dressings,  etc.,  hatch,  the  resulting 
juvenile  parasites  being  known  as  maggots.  Screw-worm3  disease  is  an 


1 Banks,  Philippine  Jour.  Sci.,  vol.  i,  1906;  Galli-Valerio  and  de  Jongh, 
Centralbl.  f.  Bakt.,  Bd.  liv,  H.  1,  1910,  p.  21. 

2 Exhaustive  Contribution  to  the  Study  of  Insect  Fauna  in  Human  Excrement, 
by  Howard,  Proc.  of  the  Washington  Acad,  of  Sciences,  Dec.  28,  1900,  p.  541; 
Wellman,  Jour.  Med.  Research,  jan.,  1906,  p.  439;  Gilbert,  Arch.  Intern.  Med., 
Oct.,  1908;  Mense,  Arch.  f.  SchiiTs-  und  Tropen-Hyg.,  Bd.  xii,  1908;  McCampbell 
and  Corper,  Jour.  Amer.  Med.  Assoc.,  Oct.  9,  1909,  p.  1160. 

3 Yount  and  Sudler,  Jour.  Amer.  Med.  Assoc.,  Dec.  7,  1907,  p.  1912;  Patterson, 
Indian  Med.  Gaz.,  Calcutta,  Oct.,  1909. 
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affection  seen  particularly  in  the  southern  and  southwestern  parts  of 
the  United  States.  The  structures  involved  are  the  nasal  cavity  and 
accessory  sinuses.  Apparently  the  parasite  never  invades  a healthy 
nasal  cavity,  but  is  particularly  prone  to  develop  in  the  nose  or  external 
auditory  canal  when  chronic  inflammatory  processes  have  materially 


Fig.  103. — Scabies. 

Section  of  skin  showing  burrows  in  the  upper  layer  of  the  epidermis  (a),  containing  female  itch  mite  (d), 

ova  (e),  and  excreta  of  the  parasite  lying  in  the  burrow  (/) . a.  Horny  layer,  b.  Malpighian  layer. 

c.  Infiltrated  cutis.  (Ziegler.) 

altered  the  superficial  epithelium.  From  forty  to  sixty  hours  after  the 
fly  lays  the  eggs  a sanious  discharge  and  often  epistaxis  appear,  followed 
by  edema  of  the  face  and  eyelids.  The  fully  formed  larva  is  white,  10 
mm.  to  12  mm.  long,  2 mm.  to  3 mm.  wide.  Robertson  reports  a case 
in  which  there  were  120  worms.  When  unrelieved,  the  patients  frequently 
die. 

Insects  and  Communicable  Disease. — Recent  studies  in  communi- 
cable diseases  have  shown  that  certain  insects  are  essential  to  the  propa- 
gation of  some  maladies,  and  incidentally 
are  of  importance  in  others.  In  malaria 
(see  p.  172)  the  mosquito  is  certainly  the 
most  important  if  not  the  only  means  by 
which  the  disease  is  spread;  in  this  affection 
the  sexual  cycle  of  the  Plasmodium  is  com- 
pleted in  infected  mosquitos.  Originally  sug- 
gested by  Finlay,  and  later  established  by  the 
experiments  of  Reed,  Carroll,  and  Agramonte, 
it  is  generally  conceded  that  the  mosquito 
is  necessary  to  the  propagation  of  yellow 
fever,  the  immediate  cause  of  which  is  not  known.  In  malaria  and  fila- 
riasis  the  animal  parasites  undergo  definite  cycles  of  evolution  in  the  in- 
terior of  the  insect.  In  trypanosomiasis  the  tsetse-fly  inoculates  the 
disease  from  animal  to  animal,  but,  so  far  as  at  present  known,  the  flagel- 
late parasite  has  no  definite  cycle  within  the  insect.  There  are  reasons  for 
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believing  that  relapsing  fevers  can  be  transmitted  by  bedbugs,  and  that 
the  bites  of  fleas  coining  from  plague-stricken  man  or  animals  may  induce 
the  disease.  In  another  group  of  diseases,  including  cholera,  typhoid, 
tuberculosis,  plague,  and  infections  of  the  types  indicated,  the  germ 
causing  the  disease  may  be  deposited  upon  the  food,  and  in  that  and 
similar  ways  be  conveyed  from  sources  of  infection  to  the  healthy.1 

1 Nuttall,  Cobbett  and  Strangeways-Pigg,  Jour,  of  Hyg.,  Jan.,  1901;  Austen, 
Illustrations  of  Brit.  Blood-sucking  Flies,  London,  1906;  Bergey,  New  York 
Med.  Jour.,  June  15,  1907;  Donitz,  Die  wirtschaftlich  wichtigen  Ziechen  mit 
besonderer  Beriicksichtigung  Afrikas,  1907;  Brown,  Internat.  Clinics,  vol.  iv, 
Eighteenth  series,  1908;  Howard,  Bureau  of  Entomology,  Bull.  No.  78,  1909; 
Nash,  Jour,  of  Hyg.,  Sept.,  1909,  p.  10;  Hewitt,  The  House-fly,  the  Study  of  its 
Structure,  Development,  Bionomies,  and  Economy,  Manchester,  19x0;  Tieche, 
Centralbl.  f.  Bakt.,  Bd.  liv,  H.  1,  1910,  p.  32;  Beyer,  N.  Y.  Med.  Jour.,  April  2, 
1910,  p.  677. 
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HYPERTROPHY,  HYPERPLASIA,  METAPLASIA,  HETEROPLASIA, 
ATROPHY,  HYPOPLASIA,  AGENESIS,  APLASIA. 

Hypertrophy  may  be  defined  as  increased  functional  power  which  has 
a tendency  to  persist,  and  is  beyond  the  normal  for  a given  tissue  under 
existing  conditions;  thus,  a heart  weighing  twelve  ounces  may  be  normal 
for  the  adult,  but  is  hypertrophic  in  a child.  Hypertrophy  is  not  simply 
increased  size:  e.  g.,  the  amyloid  liver  may"  weigh  six  kilos  and  be  func- 
tionally inactive.  The  foregoing  definition  also  excludes  tumors,  which 
perform  no  useful  function.  Hypertrophy  is  usually^  associated  with 
abnormal  size  and  weight,  but  the  reverse  is  not  necessarily  true.  Many 
clinicians  and  pathologists  teach  that  hypertrophy  is  essentially-  a struc- 
tural alteration;  in  other  words,  that  it  is  simply  an  increase  in  all  the 
elements  entering  into  the  formation  of  an  organ  or  tissue,  each  element 
retaining  its  normal  relation  to  the  associated  structures.  It  is  to  be 
granted  that  this  is  true,  but  a definition,  or  even  the  idea  of  hypertrophy, 
based  upon  this  fact  alone,  must  of  necessity  be  erroneous.  Occasionally", 
one  finds  a tumor  of  the  mammary  gland  that  structurally  cannot  be 
differentiated  from  the  normal  gland.  The  glandular  elements  are  exactly 
like  those  normally  present,  but  the  mass  is  surrounded  by  a capsule  and 
sharply"  differentiated  from  the  normal  mamma.  The  normal  gland, 
called  upon  for  manifestation  of  its  associated  functions,  hypertrophies, 
while  the  tumor  mass  may  or  may  not  show  such  enlargement.  It 
certainly  produces  no  milk,  nor  are  its  false  ducts  and  imitative  acini 
connected  with  the  normal  structures.  It  is  a new  growth — something 
situated  in  the  mammary  gland,  but  having  no  more  connection  with  the 
functions  of  that  structure  than  if  it  were  located  elsewhere.  The  con- 
tinued power  to  do  more  work  than  normal  implies,  and  is  nearly-  always 
associated  with,  an  increase  of  the  tissue  performing  the  function;  but 
this  does  not  alter  the  fact  that  the  essential  feature  of  hypertrophy  is 
power  to  accomplish  more  work  than  the  normal  organ.  White1  proposes 
the  term  hyperergia  for  those  conditions  in  which  function  is  increased. 
Hypertrophy  must  be  differentiated  from  the  so-called  reserve  force  of 
organs ; thus,  the  heart,  during  a period  of  intense  excitement,  may  per- 
form effectually  two  or  three  times  the  normal  amount  of  work  and  still 
the  organ  may  not  be  hypertrophied.  The  manifestation,  however,  is  not 
enduring;  it  is  temporary-. 

Causes  of  Hypertrophy. — Increased'  work  with  supplied  nutrition  are 
the  causes  most  active  in  extrauterine  life.  Examples  of  increased 
work  with  supplied  nutrition,  followed  by  hypertrophy,  are  abundant. 
The  most  familiar  instance,  and  the  one  most  often  cited,  is  hy-pertrophy 
of  the  heart  resulting  from  any  alteration  in  the  valves  or  orifices,  thereby- 
increasing  the  force  demanded  of  the  diseased  organ.  Thus,  a narrowed 
aorta  or  aortic  orifice  may  require  twice  the  normal  force  to  propel  the 


1 Lancet,  March  9,  1901. 
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blood  through  the  obstructed  opening.  As  an  admirable  example  of 
increased  functional  power,  the  properly  trained  athlete  may  be  cited. 
Evidence  is  not  wanting  to  show  that,  under  careful  and  continuous 
training,  almost  any  tissue  of  the  body  may  take  on  additional  activity. 
These,  however,  fail  to  account  for  certain  enormous  overgrowths  of 
organs  or  tissues  that  occasionally  occur.  Thus,  general  or  partial 
giant  growth1  may  arise  without  any  apparent  extra  demand  for  work, 
although,  of  course,  adequate  nutrition  must  be  supplied.  This  phe- 
nomenon (giant  growth)  has  been  said  to  arise  from  congenital  impulse 
— an  expression  that  only  moves  our  ignorance  of  the  actual  cause  back 
to  a period  in  which  we  knew  less  concerning  the  functions  of  organs. 

Still  more  difficult  to  explain  are  those  remarkable  cases  of  hemi- 
hypertrophy,2  such  as  have  been  reported  by  Reismann,3  Mackay,4 
Hutchison,5  and  many  others.  In  these  individuals  but  one-half  of 
the  face  or  one-half  of  the  body  is  materially  larger  than  the  normal. 
In  the  cases  reported  by  Arnheim  and  by  Hutchison  some  of  the  paired 
viscera  were  affected.  In  one  instance  the  left  kidney  weighed  56  gm., 
the  right  28  gm. ; the  left  suprarenal  weighed  42  gm.,  and  the  right 
14  gm.  The  case  reported  by  Reismann  is  the  only  one  of  which  I know 
in  which  one-half  of  the  body  was  enlarged  with  associated  enlargement 
of  the  opposite  half  of  the  cranium.  Such  a case  strongly  suggests 
that  the  central  nervous  system  exerts  some  influence  on  the  peculiar 
tissue  overgrowth,  and  this  view  is  further  supported  by  the  unilateral 
distribution  of  the  lesion  in  many  cases.  Further  than  this  we  have  no 
information  upon  which  to  base  a satisfactory  explanation  of  the  con- 
dition. In  some  of  the  cases  the  overgrowth  has  been  restricted  to 
bone,  in  others  the  panniculus  adiposus  alone  was  involved,  while  in 
still  others  all  the  tissues  of  the  affected  part  appeared  to  participate 
in  the  change. 

Since  we  appreciate  the  fact  that  many  organs  perform  functions  of 
nutrition,  secretion,  heat  production,  etc.,  it  is  conceivable  that  some 
extraordinary  demand  has  been  made  upon  them,  the  nature  of  which 
we  cannot  in  the  present  state  of  our  knowledge  estimate;  this  extra 
call  may  constitute  a demand  for  additional  tissue,  and  hence  hyper- 
trophy. There  can  be  no  apparent  reason  for  an  enormous  hypertrophy 
of  the  facial  and  long  bones  sometimes  seen ; but  there  must  be  some 
reason  for  the  change,  and  whether  this  be  attributed  to  alterations  in 
innervation  or  to  unusual  demand  for  some  functional  activity  that  we 
cannot  estimate  (such  as  blood-making  by  the  marrow)  remains  to  be 
further  studied.  There  is  every  reason  to  believe  that  some  forms  of 
overgrowth  depend  upon  functional  perversion  on  the  part  of  one  or 
more  internal  secretions.  Wieting,6  in  discussing  giant  growth,  calls 
attention  to  the  well-known  fact  that  disturbances  of  testicular  develop- 
ment are  often  associated  with  perturbations  of  nutrition.  In  eunuchs 
the  epiphyseal  cartilages  persist  much  longer  than  in  normal  males. 

1 Froelich,  Revue  d’Orthopedie,  No.  3,  1908;  Thibierge  and  Gastinel,  Nouvelle 
Iconographie  de  la  Salpetriere,  July-Aug.,  1909;  Levi  and  Franchini,  Nouvelle 
Iconographie  de  la  Salpetriere,  July-Aug.  and  Sept.-Oct.,  1909. 

2 Hymanson,  Arch,  of  Pediatrics,  June,  1903. 

3 Australasian  Med.  Gazette,  June  20,  1904. 

4 Brain,  Autumn,  1904,  p.  388. 

5 Brit.  Jour,  of  Children’s  Diseases,  June,  1904. 

6 Deut.'med.  Woch.,  1903,  Bd.  xxix,  Nos.  21  and  22. 
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In  the  giant  reported  by  Wieting  the  height  was  215  cm.;  there  was  a 
history  of  hereditary  syphilis  and  the  testes  were  evidently  immature. 
Exactly  what  internal  secretion  is  produced  by  these  organs  and'  the 
method  by  which  it  operates,  are  not  known.  Acromegaly1  is  an  affec- 
tion in  which  it  is  manifest  that  some  internal  secretion,  either  directly 
or  indirectly,  is  responsible  for  the  condition  found.  The  fact  that  the 
disease  is  frequently  associated  with  alterations  in  the  pituitary  body 
or  thyroid  gland,  and  sometimes  both,  is  suggestive.  The  relation 
existing  between  internal  secretion,  nutrition,  growth,  and  hypertrophy 
is  not  fully  understood.  Enlargement  of  the  mammary  glands  during 
gestation  has  been  shown  to  depend  upon  the  influence  of  “chemical 
messengers”  called  hormones  reaching  the  organs  through  the  blood. 
It  is  quite  possible  that  other  forms  of  local  hypertrophy  may  have 
similar  origin. 

Closely  related  to  hypertrophy  are  the  various  forms  of  precocity, 
Guthrie2  has  brought  together  most  of  the  data  bearing  upon  this  inter- 
esting abnormality.  Premature  development  of  the  reproductive  organs 
and  accessory  genital  glands  is  usually  accompanied  by  precocious  growth 
of  hair  on  the  face,  axillae,  and  pubes.  Adrenal  hyperplasia  and  tumors 
of  the  adrenal  occurring  in  infancy  and  childhood  may  attend  precocious 
•development.  A similar  relation  exists  between  the  hypophysis  and 
pineal  glands  and  premature  development. 

Whatever  may  be  the  form  in  which  hypertrophy  occurs,  two  con- 
ditions appear  to  be  essential:  (1)  The  nutrition  supplied  must  be 

adequate,  and  (2)  the  necessary  stimulus  for  utilizing  the  supplied 
food  is  necessary.  The  stimulus  for  growth  is  usually  brought  about 
by  a slowly  advancing  demand  for  increased  work.  Resting  organs, 
no  matter  how  well  nourished,  are  not  likely  to  hypertrophy ; this  is 
shown  by  the  well-known  fact  that  the  inactive  muscles  in  limbs  treated 
for  fracture  progressively  waste,  and  that  renewed  growth  at  once  be- 
comes evident  when  muscle  function  is  resumed.  When  hypertrophy 
is  to  be  developed  by  therapeutic  measures,  it  is  necessary  that  the 
work  thrown  upon  the  organ  be  gradually  and  not  suddenly  increased. 
Overwork  is  invariably  followed  by  wasting. 

Hypertrophy  is  sometimes  said  to  be  true  or  false;  the  latter  is  not 
possible.  The  term  false  hypertrophy,  or  pseudohypertrophy,  is  applied 
to  large  organs  in  which  the  increase  in  size  is  not  attributable  to  in- 
creased functional  power  or  to  increase  of  the  elements  in  the  normal 
proportions,  but  rather  to  increase  in  size  due  to  the  invasion  of  the 
tissues  by  a new  element,  overgrowth  of  some  existing  tissue,  or  some 
similar  condition.  Enlargement  of  the  liver,  associated  with  amyloid 
disease,  fatty  infiltration,  or  red  atrophy,  may  be  taken  as  types  of 
so-called  pseudohypertrophy.  The  term  is  a poor  one,  and  should  not 
be  used. 

Hypertrophy  is  said  to  be  simple  and  numerical ; by  the  former  is 
meant  an  increase  in  the  size  of  the  cells,  and  by  the  latter,  an  increase 
in  the  number  of  cells.  Kolliker  has  observed  that  the  unstriped  muscle- 
fiber  of  the  uterus,  at  the  end  of  gestation,  is  eleven  times  the  length 
and  four  times  the  width  of  the  normal  fiber  of  the  nonpregnant  organ. 
Hare  and  Coplin,  in  their  studies  of  the  influence  of  digitalis  on  the  car- 

1 See  Part  II.  Chapter  on  Diseases  of  the  Bones. 

2 Brit.  Med.  Jour.,  Sept.  21,  1907. 
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(liac  muscle,  note  a marked  increase  in  the  transverse  measurement  of 
the  fiber,  an  observation  supported  by  Tangl,  who  found  that  in  the 
ordinary  form  of  hypertrophy  of  the  heart  there  was  an  increase  in  the 
size  of  the  muscle-fibers,  which  increase  bore  a definite  relation  to  the 
increased  weight  of  the  organ.  It  is  probable  that  in  many  instances 
of  hypertrophy  there  is  an  increase  in  the  number  of  cells  as  well  as  an 
increase  in  the  size  of  the  existing  elements,  both  old  and  new;  it  is 
not  probable,  however,  that  both  enlargement  and  increased  number 
of  cells  are  equally  marked  in  all  cases. 

Physiologic  hypertrophy  differs  from  other  forms  of  hypertrophy 
in  that  it  anticipates  the  increased  work  that  may  be  demanded  of  the 
tissue.  In  a certain  sense  all  forms  of  hypertrophy  are  physiologic; 
hypertrophy  is  not  a disease;  but  the  condition  referred  to  as  physio- 
logic hypertrophy  is  typified  in  the  enlargement  of  the  mammary  glands 
and  the  increase  in  muscular  power  of  the  uterus  in  anticipation  of 
lactation  and  labor.  Unlike  all  other  forms  of  hypertrophy,  this  con- 
dition apparently  arises  independently  of  existing  increased  work;  as 
far  as  our  knowledge  goes,  it  anticipates  such  work. 

Hypertrophy  is  said  to  be  compensatory  when  one  organ  or  tissue 
performs  the  work  of  another;  thus,  if  one  kidney  be  diseased,  the  oppo- 
site organ  may  undergo  hypertrophy ; if  one  lobe  of  the  liver  be  de- 
stroyed by  morbid  processes,  or  excised,  the  remaining  lobes  may  in- 
crease in  size.  The  term  compensatory  hypertrophy  is  also  used  by 
clinicians  in  another  sense:  e.  g.,  if  the  orifice  of  the  aorta  has  been 
narrowed,  thereby  demanding  more  cardiac  force,  and  if  the  heart  hy- 
pertrophies to  meet  the  new  condition,  it  compensates  for  the  abnormal 
obstruction,  and  the  hypertrophy  is  called  compensatory.  Once  such 
hypertrophy  develops,  and  later  conditions  lead  to  its  failure,  it  is  said 
that  the  compensation  has  failed;  a like  expression  is  not  uncommonly 
used  to  indicate  a preliminary  failure.  Compensatory  hypertrophy  de- 
velops with  more  certainty  in  the  young,  while  in  extreme  age  the  tissues 
commonly  fail  to  respond  to  demands  made  for  additional  work. 

When  a tooth  has  been  extracted,  the  opposing  tooth  becomes  longer, 
as  the  result  of  diminished  wear,  and  possibly  of  lessened  resistance. 
This  is  sometimes  referred  to  as  a form  of  hypertrophy. 

Limitations  of  Hypertrophy. — If  the  occurrence  of  hypertrophy  de- 
pended entirely  upon  the  demand  for  work,  there  would  be  no  reason 
for  its  failure  to  progress  indefinitely.  Experience,  however,  shows  that 
a point  is  always  reached,  sooner  or  later,  when  compensation  fails,  and 
work  demanded  beyond  this  point  leads  to  wasting.  As  previously 
remarked,  the  older  the  individual,  the  earlier  this  occurs — a fact  sug- 
gesting that  the  blood-vessels  are  responsible,  to  a certain  extent,  for 
the  arrest  of  the  process.  It  is  observed  in  athletes  that  if  a man  has 
thoroughly  trained  early  in  life,  he  remains  competent  to  train  into 
“condition”  throughout  the  major  part  of  his  days.  In  youth  the  blood- 
vessels are  more  fully  capable  of  increasing  their  carrying  capacity 
than  in  later  years — a fact  very  well  known  of  the  arteries;  besides, 
the  conditions  favoring  hypertrophy  are  more  marked  in  intrauterine 
life  and  become  less  effectual  with  advancing  years.  It  has  been  shown 
that  antenatal  hypertrophy  of  the  kidney  is  associated  with  the  forma- 
tion of  new  glomeruli  and  tubules,  while  postnatal  hypertrophy  evinces 
itself  only  by  an  increase  in  the  size  of  the  glomeruli  and  possibly  in  the 
length  of  the  tubules. 


hyperplasia;  metaplasia;  heteroplasia. 
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Theoretically,  once  an  organ  begins  to  hypertrophy  there  is  no  reason 
for  arrest  of  the  process,  provided  the  causative  conditions  persist  or 
increase;  but  a stage  is  eventually  reached  when  the  blood-supply  is 
no  longer  competent,  the  arteries  being  inadequate  or  unable  to  transmit 
the  requisite  additional  blood.  When  this  stage  is  reached,  not  only 
is  hypertrophy  arrested,  but,  if  the  demand  for  increased  work  be  con- 
tinued, wasting  occurs;  clinicians  recognize,  in  the  treatment  of  heart 
disease,  that,  even  with  well-established  hypertrophy  and  good  nutri- 
tion, a stage  is  reached  in  which  the  best  results  are  attained  by  dimin- 
ishing the  work  to  be  done  rather  than  by  lashing  an  already  overworked 
organ  and  hoping  for  continued  hypertrophy. 

Hyperplasia  is  an  increase  in  the  connective  tissue  of  an  organ, 
either  associated  with  or  independent  of  increase  of  the  elements  upon 
which  the  functional  activity  of  the  organ  depends.  If  there  be  an 
increase  of  the  functionally  active  cells  of  the  organ,  the  increase  in  con- 
nective tissue  must  be  in  excess  of  that  which  is  normally  present,  in 
order  to  be  a hyperplasia.  The  term  hyperplasia  is  also  applied  to 
disproportionate  increase  in  any  element  of  an  organ.  Thus,  a new 
growth  of  bile-ducts  is  spoken  of  as  hyperplasia;  newly  developed 
gland-cells,  or  an  excess  of  one  constituent  of  an  organ  without  corre- 
sponding growth  of  the  other  elements,  is  also  called  hyperplasia. 

Metaplasia1  is  the  direct  transformation  of  a tissue  into  a dissimilar 
tissue.  This  is  only  possible  of  tissues  of  the  same  type.  Different 
forms  of  epithelium  may  change,  one  into  another,  or  one  connective 
tissue  may  be  converted  into  another,  as  cartilage  into  bone,  or  fibrous 
or  loose  connective  tissue  into  fat.  Transposition  of  type  is  not  possible; 
epithelium  never  becomes  connective  tissue,  nor  is  connective  tissue 
ever  converted  into  epithelium.  An  ulcerative  process  in  the  trachea, 
after  cicatrization,  is  covered  by  flat  epithelium  from  the  genetic  layers 
of  adjacent  columnar  epithelium,  the  process  constituting  a form  of 
metaplasia.  In  order  that  it  may  be  a pure  metaplasia  there  should  be 
•no  intervention  of  embryonic  tissue.  Theoretically,  such  a thing  is 
possible;  but  whether  a cylindric  cell  is  ever  actually  converted  into  a 
squamous  cell,  without  reversion  to  a more  primitive  form,  seems 
exceedingly  doubtful. 

Heteroplasia  implies  the  production  of  a tissue  in  some  structure 
where  such  a tissue,  which  may  be  perfectly  normal  elsewhere,  is  not  a 
normal  constituent  of  the  organ  in  question.  The  development  of 
cartilage  or  bone  in  certain  glandular  structures,  such  as  the  parotid, 
ovary,  or  testicle,  constitutes  a heteroplasia.  The  best  type  of  hetero- 
plastic tissue  is  a tumor  of  the  typic  series.  It  will  be  observed^  that 
heteroplasia  usually  implies  a change  analogous  to  metaplasia.  Ihus, 
in  the  instances  given  the  bone  or  cartilage  found  in  the  gland  must  have 
arisen  from  connective-tissue  elements  normally  present,  and,  hence, 
probably  a part  of  the  normal  gland.  In  such  elements  the  proliferative 
change  terminating  in  the  formation  of  cartilage  or  bone  implies  meta- 
plastic capacity. 

Atrophy  is  the  reverse  of  hypertrophy,  and  hence  is  diminished 
functional  power,  which  has  a tendency  to  persist  or  to  increase,  and 
which  is  associated  with  structural  alterations  in  the  tissue  involved. 

'Pollack,  Beitrage  z.  Metaplasiefrage,  1901;  hite,  Jour.  Path,  and  Pact., 
April,  1910,  p.  450. 
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It  is  not  always  attended  by  diminished  size  or  weight,  as,  in  the  con- 
dition known  as  red  atrophy  of  the  liver,  the  organ  may  be  consider- 
ably increased  in  size.  Atrophy  is  not  an  arrest  of  development;  it  is 
an  affection  usually  occurring  in  developed  tissue,  although  an  arrest 
in  development  may  be  followed  by  atrophy. 

Causes. — Atrophy  may  be  physiologic:  e.  g.,  the  atrophy  of  the 

thymus  gland  shortly  after  birth,  atrophy  of  the  uterus  after  labor, 
atrophy  of  the  sexual  organs  after  the  menopause.  The  condition  may 
be  caused  by  pressure,  as  the  pressure-atrophies  of  the  liver.  As  a result 
of  pressure  from  a belt  or  a corset,  a deep  fissure  may  be  produced  in 
the  liver  tissue.  Again,  atrophy  of  the  hepatic  structures  may  follow 
pressure  brought  about  in  other  ways:  for  example,  in  red  atrophy  of 
the  liver  the  blood-stream  is  retarded  by  obstruction  to  its  onward 
flow  in  the  heart  or  lungs,  and  gradually  distends  the  hepatic  capil- 
laries, thereby  making  pressure  upon  the  surrounding  cells,  which,  in 
turn,  is  followed  by  atrophy.  (See  Red  Atrophy  of  the  Liver.)  When 
chronic  indurative  processes  involve  the  liver  the  newly  formed  fibrous 
tissue,  by  contraction,  presses  upon  the  hepatic  lobule  and  gives  rise  to 
atrophy.  (See  Atrophic  Cirrhosis  of  the  Liver.)  Atrophy  due  to  pressure 
is  further  shown  in  the  absorption  of  tissues  as  a result  of  the  constant 
pressure  of  an  enlarging  tumor  or  aneurysm.  Disuse  of  a tissue 
leads  to  its  gradual  atrophy.  Atrophy  from  disuse  may  depend  upon 
lessened  nutrition,  as  it  is  well  known  that  the  inactive  tissues  may  be 
poorly  nourished.  This  is  the  type  of  atrophy  that,  in  generations, 

leads  to  the  disappearance  of  tissues  and  organs  no  longer  used.  The 

wasting  incident  to  the  fixation  of  a limb  in  the  treatment  of  fracture 

is  in  part  due  to  its  disuse,  and  also,  in  many  cases,  to  the  pressure  of 

dressings.  Inanition,  or  faulty  nutrition,  whether  general  or  local, 
gives  rise  to  atrophy;  as  examples  of  general  atrophy  due  to  inanition 
may  be  mentioned  the  progressive  muscular  wasting  that  occurs  in 
consumption,  in  the  cachexia  of  malignant  tumors,  and  in  profound 
blood  dyscrasias. 

In  the  atrophies  due  to  faulty  nutrition  the  cellular  elements  having 
the  most  work  to  do  usually  suffer  most.  That  this  is  not  always  the 
case,  however,  is  shown  by  the  extreme  muscular  wasting  that  occurs 
in  pulmonary  tuberculosis,  and  by  the  fact  that  the  kidney  and  liver 
may  not,  at  the  same  time,  show  any  perceptible  reduction  in  weight 
or  in  functional  power.  The  lessened  nutrition,  upon  which  inanition 
atrophy  depends,  must  not  be  too  suddenly  applied,  nor  must  the  star- 
vation of  the  tissue  be  extreme;  as  a result  of  either  of  these  conditions 
the  tissue  may  undergo  necrosis  rather  than  atrophy.  The  induction  of 
local  atrophy  by  restricted  starvation  has  been  utilized  in  treatment; 
progressive  enlargement  in  rapidly  growing,  inoperable  tumors  has  been 
successfully  limited — for  the  time  being,  at  least — by  ligation  of  the 
arteries  supplying  them  with  nutrition. 

‘ Certain  atrophies  are  spoken  of  as  trophic  or  neuropathic:  e.  g., 

atrophy  associated  with  disease  of  the  anterior  cornu  of  the  spinal  cord; 
unilateral  neuropathic  atrophy  of  the  face.  It  is  presumed  that  certain 
elements  in  the  central  nervous  system  preside  over  nutrition,  and 
that  disease  or  injury  of  these  elements  brings  about  nutritive  changes 
in  the  tissues  over  which  they  preside;  thus,  destruction  of  the  motor 
cells  in  the  cord  is  associated  with  wasting  of  the  muscles  with  which 
the  cells  are  connected.  It  is  evident,,  of  course,  that  here  we  have  to 
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deal  with  a complex  process;  in  addition  to  the  so-called  trophic  in- 
fluence of  the  cells,  it  is  necessary  to  consider  the  wasting  incident  to 
disuse  of  the  muscles  involved.  The  neuropathic  atrophies  also  include 
muscle  wasting  depending  upon  section  of  the  nerve  supplying  the 
affected  tissues,  and  upon  pressure,  tumor  infiltration,  inflammation  or 
degeneration  of  the  motor  to  the  muscles  involved.  The  atrophy  of 
muscle  and  bone  observed  in  tabes,  pressure  myelitis,  anterior  polio- 
myelitis, and  other  lesions  affecting  the  motor  and  sensory  neurons,  are 
forms  of  neuropathic  atrophy.  The  hemiatrophies,  especially  those  of 
the  face,1  probably  depend  upon  disturbances  of  the  trophic  nerves  or 
the  nerve  mechanism  controlling  the  blood  supply.  Edinger2  does  not 
believe  that  the  restriction  of  certain  atrophies  to  definite  groups  of 
muscles  depends  upon  any  elective  qualities  possessed  by  the  poison, 
but  rather  upon  increased  susceptibility,  largely  due  to  the  fact  that  the 
particular  muscles  affected  are  those  having  most  work  to  perform. 

Inflammatory  processes  may  lead  to  atrophy  by  pressure  and  by 
interference  with  nutrition.  It  is  probable  that  the  so-called  inflam- 
matory atrophies  depend  upon  the  immediate  action  of  the  irritant  and 
properly  belong  with  the  necroses  rather  than  the  atrophies. 

It  is  believed  by  some  that  certain  substances  in  the  general  circu- 
lation may  manifest  a selective  activity  upon  giVen  tissues,  thereby 
leading  to  their  atrophy  and  absorption.  Exactly  how  this  change 
is  brought  about  it  is  quite  impossible  to  say,  but  there  can  be  no  doubt 
that  examples  apparently  coming  under  this  head  occur.  Atrophy 
of  the  thyroid  gland  during  the  administration  of  iodin  and  atrophy  of 
the  extensor  muscles  of  the  forearm  in  chronic  lead-poisoning  may  be 
cited  as  examples  of  atrophic  processes  apparently  depending  upon 
the  activity  of  ingested  bodies  or  substances  in  other  ways  introduced 
from  without. 

In  the  cells  and  tissues  involved  in  atrophy  there  is  general  shrink- 
ing of  the  diseased  structures;  the  cells  become  granular  and  not  un- 
commonly pigmented;  it  is  reasonable  to  suppose  that  in  this  granular 
or  fatty  condition  absorption  of^the  cells  is  readily  possible;  certainly, 
functional  activity  is  enormously  diminished,  if  not,  in  advanced  cases, 
suspended.  In  some  cases  the  removal  of  wasting  tissues  is  brought 
about  by  the  intervention  of  cells  partaking  of  the  nature  of  phago- 
cytes. It  has  been  shown  that  the  roots  of  the  temporary  teeth  dis- 
appear under  the  influence  of  special  cells  applied  to  the  exterior. 
Exactly  how  far  autolysis  is  operative  in  the  absorption  of  wasting 
structures  is  not  accurately  known.  Langstein  and  Neubauer3  have 
demonstrated  that,  at  the  end  of  gestation,  the  uterus  contains  an 
autolytic  substance,  and  suggest  that  it  is  through  the  activity  of  this 
body  that  involution  of  the  organ  normally  occurs. 

This  association  of  structural  change  with  absorption  and  disappear- 
ance of  cells  has  led  to  the  name  degeneration  atrophy.  It  is  probable 
that  all  atrophies  are  associated  with  some  degenerative  phenomena 
in  the  cells;  by  no  other  means  can  we  explain  the  disappearance  of 
structure.  It  is  believed,  however,  that  atrophy  is  possible  without 
appreciable  cell  change;  such  a condition  has  been  termed  simple 
atrophy.  Again,  the  term  simple  atrophy  is  used  to  indicate  a diminu- 

1 Klingmann,  Jour.  Amer.  Med.  Assoc.,  Dec.  7,  1907,  p.  1888. 

2 Deut.  med.  Woch.,  1904,  Nos.  45,  49,  and  52;  1905,  Nos.  1 and  4. 

3 Munch,  med.  Woch.,  July  29,  1902. 
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tion  in  the  size  of  cells,  while  numerical  atrophy  implies  a reduction  in 
the  number  of  cells.  Gutch1  finds  that  in  advanced  brown  atrophy  of 
the  heart  the  muscle-fibers  are  conspicuously  reduced  in  size,  and  it  is 
a common  observation  that  in  wasted  organs,  in  which  the  atrophy  is 
uncomplicated,  the  affected  cells  are  smaller  than  normal.  It  is  prob- 
able that  in  nearly  all  atrophic  processes  reduction  both  in  size  and 
number  occurs. 

When  the  atrophic  phenomena  are  due  to  the  inability  of  the  cell 
to  assimilate  supplied  nutrition,  the  lesion  is  said  to  be  an  active  atrophy; 
when  the  fault  lies  in  deficient  nutrition,  the  condition  is  called  passive 
atrophy.  The  same  cause  acting  upon  different  tissues  may  give  rise 
to  atrophy  in  some  and  not  in  others.  Again,  two  tissues,  apparently 
similarly  placed  with  regard  to  nutrition,  may  show  different  degrees  of 
atrophy,  although  the  indications  are  that  the  cause  acts  equally  upon 
the  two  elements;  thus,  the  connective  tissue  of  glands  wastes  slowly, 
while,  in  the  presence  of  the  same  causal  factors,  the  parenchymatous 
structure  may  show  a far  more  marked  atrophic  change. 

Hypoplasia  differs  from  atrophy  in  that  development  has  been  arrested 
either  before  or  after  birth;  it  is  not  wasting  of  tissue,  but  failure  to  reach 
the  normal  development.  The  process  may  involve  the  whole  body,  or 
it  may  be  restricted*to  one  or  more  organs  or  parts  of  organs,  or  to  the 
organs  belonging  to  a single  system;  as,  for  example,  hypoplasia  of  the 
genital  apparatus.  Dwarfs  are  examples  of  hypoplasia.  Symptomatic 
infantilism  is  applied  to  individuals  whose  growth  has  been  stunted  by 
malnutrition  or  disease.  Ateleiosis  is  a form  of  developmental  disorder 
characterized  by  the  persistence  of  child-like  peculiarities  in  adult  life. 
Gilford2  recognizes  two  forms  of  the  affection;  in  the  asexual  ateleiosis 
the  developmental  arrest,  in  addition  to  other  structures,  also  involves 
the  sexual  organs,  which  undergo  no  further  evolution  after  the  abnor- 
mality is  inaugurated.  The  degree  of  the  arrest  is  determined  by  the 
age  at  which  it  begins.  It  may  originate  before  birth,  in  infancy  or  early 
childhood,  or  even  late  in  adolescence.  The  sexual  organs  retain  the 
characteristics  present  at  the  time  the  affection  began;  in  one  of  Gilford’s 
cases  a boy  aged  twelve  years  possessed  generative  organs  no  further 
developed  than  those  of  an  infant  at  birth.  In  this  condition  the  resem- 
blance to  true  infantilism  is  strong.  In  sexual  ateleiosis  the  dwarfing  is 
general  except  that  the  generative  organs,  at  maturity,  are  developed  as 
usual.  With  this  group  belong  some  of  the  celebrated  dwarfs,  such  as 
Tom  Thumb  and  his  wife,  Commodore  Nutt,  Minnie  Warren,  and  others. 
The  heads,  limbs,  figures,  and  facial  characters  are  those  of  childhood. 
Nanism  and  nanosoma  are  terms  applied  to  dwarfs  without  any  special 
consideration  as  to  the  character  of  the  dwarfing.  Of  the  causes  of  these 
and  allied  conditions  little  is  known.  Anton3  attributes  most  forms  of 
nanism  and  infantilism  to  disturbances  of  internal  secretion.  When 
discussing  hypertrophy  I referred  to  the  influence  of  the  thyroid,  pituitary, 
and  sex  glands  upon  growth.  It  is  probable  that  these  organs  are  influ- 
ences to  be  recognized  in  the  production  of  dwarfs.  Herter4  attributed 
a form  of  infantilism  to  overgrowth  and  persistence  of  certain  bacterial 
flora  of  the  intestine.  Clinically  the  condition  was  manifested  by  arrested 

1 Tour.  Path,  and  Pact.,  June,  1901. 

2 Brit.  Med.  Jour.,  Oct.  8,  1904,  p.  9x4. 

3 Munch,  med.  Woch.,  July  24,  1906. 

4 Trans.  Assoc.  Amer.  Phys.,  xxiii,  1908,  p.  260. 
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bodily  development,  anemia,  physical  and  mental  fatigue,  and  disturb- 
ances of  intestinal  digestion.  Recognizing  that  the  condition  was  a 
chronic  intestinal  intoxication  he  proposed  the  name  intestinal  infantilism. 
In  cretinism1  there  is  absence,  or  hypoplasia,  of  the  thyroid  gland  asso- 
ciated with  arrest  of  growth  and  other  important  nutritional  disturb- 
ances; the  affection  is  amenable  to  treatment  by  thyroid  substance 
or  extract.  Cretins,  although  small  of  stature,  are  not  dwarfs  in  the 
scientific  comprehension  of  the  term,  nor  is  dwarfism  necessarily  a 
manifestation  of  the  cretinoid  state. 

When  hypoplasia  is  not  universal  but  is  restricted  to  one  side  of  the 
body  or  one-half  of  an  organ,  as  the  brain  (some  types  of  microcephalus) , 
it  is  known  as  asymmetric  hypoplasia.  The  cause  may  lie  in  incomplete 
development,  or  partial  occlusion  of  the  blood-supply  to  the  tissues 
involved.  This  not  rarely  proves  to  be  the  case  where  syphilitic  en- 
darteritis has  lessened  the  blood-supply  to  an  organ  or  a part  of  an 
organ;  an  example  of  the  first  is  sometimes  seen  in  the  kidney,  and 
of  the  latter  in  the  liver.  The  environment  of  organs  may  lead  to  hypo- 
plasia, as  when  bands  of  inflammatory  tissue  restrict  their  growth,  or 
failure  in  the  development  of  the  skull  limits  the  increase  in  the  size  of 
the  brain.  The  growth  of  an  organ  may  be  arrested  by  destruction 
of  the  nervous  mechanism  presiding  over  its  functions.  Thus,  if  the 
ganglion  cells  in  the  anterior  cornu  of  the  spinal  cord,  in  the  area  sup- 
plying a member  or  parts  of  a member,  be  destroyed  (anterior  polio- 
myelitis) early  in  life,  subsequent  development  of  the  affected  struc- 
ture is  interfered  with  or  absolutely  arrested.  Still  other  types  of 
hypoplasia  must  be  traced  to  fetal  anomalies.2 

Agenesia,  agenesis,  or  aplasia  should  be  restricted  to  mean  entire 
failure  of  development:  that  there  has  been  no  effort  at  the  production 
of  an  organ  or  tissue.  This  is  seen  in  the  kidney  at  times,  and  is  usually 
due  to  obliterative  disease  of  the  renal  artery.  The  term  is  also  applied 
to  the  disappearance  of  partly  developed  organs.  It  may  be  used  to 
indicate  the  failure  of  a given  structure  of  an  organ  to  develop.  As  an 
example  of  the  latter,  occasionally  the  fibrous  skeleton  of  an  organ  is 
fully  mature  without  any  corresponding  development  of  the  paren- 
chyma, in  which  case  there  is  said  to  be  agenesis  of  the  parenchyma. 

1 See  Part  II,  Diseases  of  the  Thyroid  Gland. 

2 See  Achondroplasia,  Part  II,  Diseases  of  the  Osseous  System;  also  Poncet  and 
Lereische  (Revue  de  Chir.,  Dec.  10,  1903,  p.  657)  and  Peloquin  (These  de  Lyon, 
1902-1903,  No.  22). 
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INFILTRATION  AND  DEGENERATION. 

(A)  INFILTRATION. 

Infiltration  is  the  “filtering  in,”  or  deposit  in  organs,  of  some  sub- 
stance not  normally  present,  or  an  excess  in  quantity  or  abnormal  chem- 
ical union  of  a material  that  normally  constitutes  a part  of  the  affected 
tissue.  It  will  be  observed  that  the  term  “infiltration”  is  here  applied 
to  a material  and  not  to  a tissue,  although  the  difference  is  not  striking. 
If  tissues  are  included  as  infiltrating  bodies,  then  a tumor  invading  an 
organ  would  be  an  infiltration;  such  is  not  the  meaning  of  the  term  in 
the  sense  here  used.  The  materials  studied  in  the  infiltrations  are 
chemic  substances,  rather  than  tissues  possessing  definite  histologic 
structures.  Thus,  fat,  lime  salts,  the  various  pigments,  glycogen,  and 
even  amyloid  material,  are  bodies  with  definite  chemic  composition,  and 
not  composite  mixtures  of  many  agents,  as  are  the  tissues.  It  is  true 
that  amyloid  material  has  a rather  characteristic  histologic  structure 
and  stain  reaction;  so  have  many  crystals,  but  this  does  not  make  them 
tissues,  in  the  common  acception  of  the  term.  Infiltrations  are  (i) 
fatty;  (2)  amyloid  or  albuminoid  or,  possibly  more  correctly,  larda- 
ceous;  (3)  pigmentary;  (4)  calcareous;  (5)  glycogenic. 

Fatty  infiltration  consists  in  the  addition  of  fat  to  an  organ  in  which 
fat  is  not  normally  present,  or  a notable  increase  in  the  amount  of  fat 
in  an.  organ  that  normally  contains  less.  The  recent  studies  of  Taylor,1 
Shattock,2  Ribbert,3  and  Arnold4  review  in  detail  the  arguments  for  and 
against  recognizing  fatty  infiltration  and  fatty  degeneration  as  distinct 
processes.  The  tendency  to  speak  of  fatty  infiltration  as  normal  fatty 
degeneration,  and  to  regard  the  change  usually  designated  fatty  degen- 
eration as  an  exaggerated  manifestation  of  the  first-named  condition,  seems 
confusing  and  offers  no  advantages  over  previous  custom.  The  assump- 
tion of  Virchow  that  fat  infiltration  was  the  result  of  a deposit  of  fat 
coming  as  a preformed  body  in  the  blood  or  derived  from  antecedents 
through  the  metabolic  activity  of  the  cells,  and  that  fatty  degeneration 
was  a manifestation  of  the  disintegration  of  the  proteins  of  the  cell  and 
their  subsequent  conversion  into  fat,  is  no  longer  held.  It  is  probable 
that  the  two  processes  are  different  because  of  differences  in  cell  enzymes 
rather  than  in  the  source  and  nature  of  the  fats  or  their  precursors. 
The  fats  of  cells  may  be  (1)  uncombined,  that  is  free  in  the  protoplasm, 
or  (2)  combined  with  other  organic  constituents  of  the  cell  (proteins). 
The  former  are  readily  stained  within  the  cell,  morphologically  demon- 
strable; the  second  type,  because  of  chemical  union  is  not  readily  re- 

1 Amer.  Jour,  of  Med.  Sci.,  1899,  vol.  cxvii,  p.  569. 

2 Jour,  of  Path,  and  Bact.,  Dec.,  1903,  p.  234. 

3 Deut.  med.  Woch.,  vol.  xxix,  p.  44. 

4 Virchows  Arch.,  Bd.  clxxi,  also  Munch,  med.  Woch.,  Oct.  27,  1903,  p.  1857. 
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movable  from  the  cell  nor  tingible  in  the  protoplasm  of  that  body.  It  is 
analogous  to  the  fixed  iron  in  certain  cells,  notably  the  erythrocyte. 

Under  certain  conditions  the  accumulation  of  fat  may  properly  be 
considered  as  physiologic.  This  same  process,  however,  carried  to 
excess,  may  interfere  with  the  nutrition  and  function  of  the  involved  or 
adjacent  tissues,  and  when  this  stage  is  reached,  it  becomes  essentially 
pathologic.  As  evidence  of  the  physiologic  deposit  of  fat  one  need  but 
cite  the  fat  normally  present  in  the  hepatic  cell,  which  is  apparently 
necessary  for  the  proper  functions  of  that  structure.  A certain  amount 
of  fat  is  normally  contained  in  the  subcutaneous  tissue,  in  the  orbit,  in 
the  perirenal  tissues,  and  elsewhere.  Physiologically,  the  fat  deposited 
in  the  areas  named  may  perform  a number  of  functions:  the  first,  and 
probably  the  most  important,  function  is  the  storage  of  reserve  food  that 


Fig.  105. — Liver  Showing  Cirrhosis  with  Advanced  Fatty  Infiltration. 

Death  was  the  result  of  croupous  pneumonia  and,  therefore,  an  added  granular  degeneration  (cloudy 
swelling)  of  the  few  previously  unaltered  liver  cells  is  present.  A,  A.  Groups  of  granular  liver  cells. 
B.  Liver  cell,  the  protoplasm  of  which  is  almost  completely  replaced  by  fat.  C.  Imperfectly  outlined 
bile-duct.  D.  Portal  branch  surrounded  by  the  newly  formed  fibrous  tissue. 

may  be  called  upon  when  the  usual  source  of  nutrition  for  any  reason 
becomes  inadequate.  The  fat  in  the  orbit  as  well  as  that  around  the 
kidney  acts  as  a cushion,  offering  to  the  adjacent  organ  a certain  amount 
of  protection  from  injury. 

Causes. — Increased  nutrition;  decreased  work;  slowed  circulation; 
reduced  or  faulty  oxidation.  In  increased  nutrition  fat  is  stored  in  the 
tissues,  being  in  excess  of  the  quantity  that  the  cells  can  utilize  for  existing 
demands.  If  the  functional  activity  of  the  cell  be  reduced  by  lessened 
demand,  and  the  normal  amount  of  blood  is  sent  to  the  cell,  the  nutrition 
is  in  excess,  and  fatty  infiltration  may  result.  Moderate  retardation  of 
the  circulation  gives  rise  to  fatty  infiltration;  thus,  slowing  of  the  circu- 
lation partly  accounts  for  the  fat  infiltrated  into  the  connective  tissue 
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of  the  omentum  and  mesentery  in  cirrhosis  of  the  liver,  and  also  for 
the  fatty  infiltration  that  occurs  in  the  liver  lobules  in  cirrhosis. 

The  infiltration  of  fat  occasionally  observed  in  the  liver  in  tubercu- 
losis, and  associated  with  marked  emaciation,  and  the  infiltration  seen 
in  the  subcutaneous  tissues  in  chlorosis,  where  the  blood  findings  would 
certainly  indicate  that  nutrition  is  not  in  an  ideal  condition,  are  examples 
of  fatty  infiltration  depending  upon  faulty  oxidation.  The  origin  of  the 
stored  fat  has  been  a matter  of  much  discussion.  It  is  now  generally 


Fig.  106. — Heart,  Extreme  Fatty  Infiltration. 

A.  Endocardium.  B.  Vein  in  myocardium.  C.  Epicardium.  D.  Subepicardial  fat.  E.  Irregularly  dis- 
tributed through  the  myocardium  from  just  above  the  leader  from  B nearly  to  C are  columns  of  fat 
as  shown  at  E.  F.  The  infiltrating  fat  separates  the  muscle  into  irregular  bands  such  as  may  be 
seen  at  F,  but  becoming  thinner  above  and  thicker  below  this  point. 

conceded  that  it  may  arise  from  a number  of  sources.  In  the  fatty 
deposits  of  hypernutrition  it  is  usually  held  that  it  represents  the  fats 
and  sugars  in  the  food,  and,  to  a limited  extent  or  possibly  not  at  all,  the 
proteins. 

Sites. — The  cells  normally  containing  fat  as  one  of  their  essential 
constituents  are  first  to  show  excessive  deposit  of  the  material  when 
changed  conditions  lead  to  infiltration.  This  is  observed  in  the  liver, 
particularly  in  the  peripheral  zone  of  the  liver  lobule;  in  the  general 
subcutaneous  tissues,  with  the  exception  of  the  lax  areolar  structures 
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of  the  scrotum  and  eyelids,  and  of  the  lips,  alse  of  the  nose  and  ears;  in 
the  connective  tissue  between  the  muscle-fibers  (pseudohypertrophic 
muscular  paralysis,  Fig.  107);  in  the  subserous  structures;  and  in  other 
connective  tissues.  A more  or  less  circumscribed  collection  of  fat  con- 
stitutes a neoplasm  known  as  a lipoma  (see 
Tumors)  and  certain  nodular  deposits 
closely  resemble  or  may  be  indistinguish- 
able from  true  fatty  tumors.  Occasionally 
such  deposits  are  marvellously  symmetri- 
cal, as  in  cervical  symmetrical  adenolipo- 
matosis.  The  general  infiltration  of  fat 
into  an  organ — such,  for  example,  as  the 
heart— is  referred  to  as  lipomatosis,1  or  ad- 
iposis, of  the  tissue  involved.  When  the 
infiltration  of  fat  is  extensive,  constituting 
what  might  be  termed  a universal  lipoma- 
tosis, the  condition  is  commonly  spoken  of 
as  obesity  or  adiposity.  Dercum  first  des- 
cribed a peculiar  form  of  general  lipoma- 
tosis associated  with  pain  and  other  nerv- 
ous phenomena,  and  the  condition  is  now 
known  as  Dercum’s  disease.  At  first  the 
fat  deposits  appear  to  be  limited,  but 
later  may  become  extensive.  The  affected 
areas  are  tender  and  there  is  tenderness 
Some  of  the  muscles  may  give  the  reactions  of 
symptoms  are  frequently  present.  In  consid- 


Fig.  107.- — Pseudohypertrophic 
Muscular  Paralysis;  Fatty  In- 
filtration of  Muscle.  (F  ut- 

ter er.) 


over  the  nerve-trunks, 
degeneration.  Psychic 
eration  of  the  tenderness  and  pain  Dercum  proposed  the  name  adiposis 
dolorosa.2 


Fig.  108. — Universal  Lipomatosis. 

From  photograph  taken  at  autopsy.  The  cadaver  weighed  540  pounds. 

Histology .■ — Microscopically,  in  the  subcutaneous  and  areolar  structures, 
the  fat  is  found  in  connective-tissue  cells;  the  nucleus  is  crowded  to  one 
side, the  fat  existing  in  the  cell  as  a single  large  oil-globule;  in  the  liver  the 
fat  is  stored  in  the  hepatic  cell.  The  nuclei  of  the  infiltrated  cells  are 

1 Lyon,  Arch.  Intern.  Med.,  July,  1910,  p.  28;  Rose,  L’Encephale,  March,  1907, 
p.  299;  Roch,  Rev.  de  Med.,  June,  1908;  Mills,  Univ.  Penna.  Med.  Bull.,  Dec., 
1908;  Grahaud,  Thfese  de  Paris,  March  2,  1910;  Launois  and  Cleret,  Gaz.  des 
Hop.,  Jan.  18,  1910. 

2 Price,  Amer.  Jour.  Med.  Sci.,  May,  1909. 
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not  diseased,  but  displaced  to  one  side,  the  “signet-ring”  appearance. 
In  the  muscles  the  fat  is  infiltrated  between,  and  not  into,  the  muscle- 
fibers,  a condition  easily  differentiating  fatty  infiltration  from  fatty 
degeneration  of  these  structures.  It  is  not  intended  to  imply  that  fatty 
infiltration  is  always  essentially  a simple  process;  not  uncommonly  it  is 
combined  with  associated  changes  to  which  the  name  fatty  degeneration 
may  with  propriety  be  applied,  the  two  conditions  being  so  intermingled 
as  to  lead  many  observers  to  hold  that  they  are  essentially  similar.  There 
can  be  no  doubt  that  fatty  infiltration  may  exist  independently  of  fatty 
degeneration,  and  that  the  reverse  is  equally  possible.  As  the  degenera- 
tive process  is  the  graver,  the  infiltration  is  less  important  in  the  mixed 
lesion. 

Amyloidosis,  amyloid  or  albuminoid  infiltration,  lardaceous  disease, 

also  known  as  albuminoid  disease,  lardaceous  infiltration,  waxy  or  bacony 
infiltration.  Of  the  many  names  applied  to  this  condition,  the  term 
lardaceous  offers  certain  advantages  and  has  the  official  sanction  of  the 
Royal  College  of  Physicians;  to  avoid  the  confusion  incident  to  our 
ignorance  in  regard  to  the  ultimate  character  of  the  processes  it  is  deemed 
most  wise  to  avoid  calling  it  either  an  infiltration  or  a degeneration, 
and  for  the  present  to  refer  to  it  as  lardaceous  change  or  lardaceous 
disease.1  Amyloid  material,  or,  more  properly,  lardacein,  is  found  during 
health  in  the  prostate  gland,  and  has  been  observed  in  the  pia  mater. 

Causes. — Amyloid  material  probably  represents  an  altered  protein 
normally  present  in  the  blood — possibly  fibrin,  or,  more  correctly, 
protein  body  or  bodies,  fibrin  precursors.  It  can  be  produced  artifi- 
cially by  suspending  the  spinal  cord  in  alcohol  for  a few  months.  The 
artificial  product  so  made  responds  to  the  chemic  tests  for  lardacein, 
and  cannot  be  differentiated  from  the  natural  material.  If  fresh  blood 
be  whipped,  and  the  fibrin  so  obtained  washed  and  treated  with  a 1 : 2000 
solution  of  hydrochloric  acid,  the  mass  becomes  gelatinous,  clear,  and 
pultaceous;  washed  free  of  acid  this  substance  responds  to  the  stains 
for  amyloid  material.  As  amyloid  infiltration  commonly  occurs  in 
connection  with  long-standing  suppuration  in  which  the  alkaline  salts 
are  drained  in  excess,  and  as  the  product  resembles  a de-alkalinized 
fibrin,  it  was  supposed  that  the  morbid  process  arose  as  a result  of  the 
removal  of  alkalin  salts  from  the  blood;  this  view  is  not  borne  out, 
however,  by  the  fact  that  lardaceous  disease  occurs  in  malaria  and 
syphilis,  sometimes  unassociated  with  suppuration.  The  exact  chemical 
nature  of  lardacein  is  still  controversial;  Krawkow  believed  it  was  a 
combination  of  chondroitin-sulphuric  acid  with  a protein  molecule. 
Chondroitin-sulphuric  acid  is  a normal  constituent  of  cartilage.  Neu- 
berg  called  attention  to  the  compositon  of  amyloids  from  different  organs, 
establishing  that  they  were  not  chemically  identical.  The  more  recent 
studies  of  Hanssen  indicate  that  amyloid  mechanically  separated  from 
the  organ  in  which  it  occurs  does  not  contain  sulphur  in  the  form  of 
sulphuric  acid,  although  this  acid  is  abundantly  present  in  lardaceous 
organs.  Evidently  the  chemistry  of  lardaceous  disease  must  be  re- 
investigated. 

1 Green,  Jour.  Path,  and  Bact.,  Nov.,  1901,  p.  184;  Miller  and  Johnston,  Jour. 
Path,  and  Bact.,  Jan.,  1907,  p.  426;  Hanssen,  Biochem.  Zeitsch.,  1908,  xiii,  3-4; 
Davidsohn,  Ergebnisse  d.  allg.  path.  u.  Path.  Anat.,  Lubarsch  and  Ostertag,  1908, 
p.  424,  also  Virch.  Arch.,  Bd.  cxcii,  p.  226;  Lubarsch,  Centralbl.  f.  Allg.  path.,  Bd. 
xxi,  No.  3,  1910,  p.  97. 
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Tuberculosis  is  often  the  cause  (50  per  cent,  of  the  cases),  especially 
bone  and  lung  tuberculosis.  Anything  that  greatly  reduces  the  general 
nutrition  favors  its  development.  Among  the  many  careful  studies 
bearing  on  the  relation  of  other  diseases  to  the  occurrence  of  amyloid, 
those  of  Wicht  (1887)  and  Blum  (1903)  merit  special  mention.  Blum’s 
observations  are  based  on  18,153  autopsies,  in  279  of  which  he  found 
lardaceous  disease.  Only  5 of  the  patients  were  under  ten  years,  and  over 
200  were  between  twenty  and  fifty  years  of  age;  141  were  males.  Blum 
found  that  tuberculosis  was  the  cause  in  79.2  per  cent.;  in  Wicht’s 
series  59  per  cent,  were  tuberculous.  Wicht  traced  10  per  cent, 
to  syphilis;  Blum  only  2.9  per  cent.  Blum  made  the  interesting  ob- 
servation that  25  per  cent,  of  all  the  patients  having  actinomy- 


Fig.  109. — Liver  Showing  Fairly  Advanced  Lardaceous  Disease;  the  Organ  Weighed  17  Pounds. 
A.  Central  vessel  of  lobule  surrounded  by  considerable  residual  liver  tissue;  the  periphery  of  the  lobule 
with  corresponding  parts  of  adjacent  lobules  also  persists.  B,  B.  Lardacein.  C.  Interlobular  vessel. 

cosis  also  have  amyloid  disease.  Practically  all  patients  with  amyloid 
disease  show  more  or  less  anemia. 

By  some,  lardaceous  disease  is  regarded  as  a degeneration.  In  a 
sense  this  is  true ; in  the  blood  the  alteration  is  of  the  nature  of  a degenera- 
tion; the  material  itself  is  a degeneration  product,  as,  probably,  is  melanin. 
As  deposited  in  organs,  it  represents  an  additional  element — an  infiltra- 
tion ; and  as  the  degenerative  process  is  restricted  to  the  origin  of  amyloid 
material,  the  term  infiltration  is  applied  to  the  deposit  in  organs  and 
tissues.  There  is  not  adequate  proof  that,  where  found,  it  results  from  a 
degenerative  change  in  the  tissues  at  hand:  e.  g.,  it  is  not  probable  that  the 
amyloid  liver  weighing  7 kilos  is  the  result  of  a degenerative  change  in  an 
organ  normally  weighing  2.5  kilos.  Wherever  found,  lardacein  presents 
evidence  of  being  an  added  product;  but  as  to  the  method  by  which  the 
addition  is  accomplished,  we  know  but  little.  It  may  be  that  primarily 
there  is  a deposit  of  some  body  that  later  is  converted  into  lardacein. 
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Attempts  at  the  artificial  production  of  amyloid  infiltration  by  the 
injection  into  animals  of  bacteria  or  of  bacterial  products  have  not 
yielded  uniformly  successful  or  satisfactory  results.  Krawkow’s  experi- 
ments were  unsatisfactory,  in  that  the  artificial  lesions  did  not  resemble, 
with  any  detail,  the  disease  as  seen  in  man.  Later  experiments  by  David- 
sohn  seem  to  have  been  more  successful.  Green1  produced  an  amyloid 
substance  by  infection  with  pure  cultures  of  staphylococci,  but  the  results 
are  not  convincing.  The  artificial  production  of  amyloid  disease  must  be 
considered,  for  the  present  at  least,  as  inconclusive. 

Sites. — The  process  usually  begins  in  the  blood-vessels,  deposition 
taking  place  in  the  intima  and  between  the  intima  and  adventitia,  dis- 
placing, or,  to  a certain  extent,  replacing,  the  muscular  coat.  The 
deposit  occurs  almost  exclusively  in  the  arteriole,  but  may  be  seen  around 
capillaries,  and  occasionally  in  the  larger  blood-vessels.  The  organs  most 
commonly  involved  are  the  liver,  the  spleen,  the  kidneys,  the  blood- 
vessels of  the  mucous  membranes — more  particularly  those  of  the  intes-  . 
tines — and  the  lymph-nodes.  Of  118  cases  of  lardaceous  disease  observed 
by  Dickinson,  the  reaction  was  present  in  the  kidney  in  95 ; in  the  spleen  in 
76 ; in  the  liver  in  65 ; in  the  intestines  in  3 5 ; in  the  stomach  and  suprarenals, 
each  9 ; in  the  lymph-nodes  in  5 ; in  the  pancreas,  thyroid,  esophagus, 
testis,  and  endocardium,  each  1.  In  279  cases  studied  by  Blum  the 
spleen  was  involved  in  92.5  per  cent.,  the  kidney  in  81  per  cent.,  the  liver 
in  62.7  per  cent.,  the  intestine  in  21  per  cent.  Godlee  is  of  the  opinion 
that  when  the  cause  of  the  disease  (for  example,  persisting  empyema)  is 
removed,  complete  recovery  may  occur. 

An  interesting  form  of  lardacein  deposit  is  represented  by  the  so- 
called  amyloid  tumors2  which  often  arise  independently  of  wide-spread 
inflammatory  or  suppurative  processes.  These  masses  are  found  in  the 
conjunctiva,  eyelids,  lymph-nodes,  upper  air-passages,  and  occasionally 
in  tumors.  Localized  lardacein  collections  may  be  found  in  and  around 
gummas.  Steinhaus3  records  a case  in  which  amyloid  and  hyaline  infil- 
trations involved  the  myocardium  in  the  form  of  nodular  accumulations 
Similar  nodules  occurred  in  the  submucosa  of  the  stomach  and  intestines. 

Morbid  Anatomy. — The  amyloid  organ  is  almost  constantly  large, 
heavy,  and  pale,  the  paleness  being  due  to  the  infiltrated  material  and  to 
the  anemia.  Very  rarely  small  organs,  contracted  kidney,  fibroid  spleen, 
and  cirrhotic  liver  may  give  evidences  of  lardaceous  disease  even  when 
normal  or  subnormal  in  size;  in  quite  exceptional  instances  amyloid  is 
demonstrable  in  organs  not  enlarged  or  fibroid.  The  borders,  if  pre- 
viously sharp,  are  rounded ; it  is  tough  in  texture ; decomposition  takes  place 
very  slowly;  and  the  organ  possesses  a specific  gravity  exceeding  the 
normal.  In  the  spleen  the  Malpighian  bodies  are  largely  involved,  and 
usually  show  as  small  translucent  grains,  resembling  boiled  sago,  and 
hence  the  name  “sago-spleen.”  (For  description  of  morbid  anatomy  of 
lardaceous  disease  of  the  liver,  spleen,  kidney,  etc.,  see  chapters  on  those 
organs  in  Part  II.) 

Cliemic  Tests  and  Reactions  of  Amyloid  Material.'1 — Amyloid  material 
is  but  slightly  digested  by  pepsin,  and  only  when  presented  in  a finely 

1 Jour.  Path,  and  Bact.,  Feb.,  1901. 

2 Manasse,  Virch.  Arch.,  1900,  vol.  clix,  p.  117. 

3 Zeitschr.  f.  klin.  Med.,  vol.  xlv,  Nos.  5 and  6;  Nonokawa,  Virch.  Arch.,Bd.  cxcvi, 
H.  2,  1909,  p.  221;  Tilp,  Centralbl.  f.  allg.  Path.,  Bd.  xx,  No.  20,  1909. 

1 Edens  and  also  Meyer,  Virch.  Arch.,  Bd.  clxxx,  1905,  p.  346. 
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divided  state.  It  is  soluble  in  ammonia  and  in  strong  hydrochloric 
acid,  but  is  not  dissolved  by  dilute  mineral  acids  or  by  acetic  acid,  or  in 
saline  solutions,  or  in  water.  The  iodin  reaction,  which  is  usually  ap- 
plied for  the  detection  of  amyloid  material,  is  obtained  as  follows:  A 

watery  solution  of  iodin,  such  as  Gram’s  solution  (iodin  i part,  potassium 
iodid  2 parts,  water  300  parts),  is  applied  to  the  cut  surface  of  the  suspected 
organ,  first  carefully  washing  away  any  blood  that  may  be  present.  The 
amyloid  material  is  stained  a mahogany-brown  (see  Plate  V.),  while 
the  normal  tissue  takes  on  a canary-yellow  color.  If  a small  piece  of 
tissue  be  stained  with  iodin,  as  previously  directed,  and  afterward  treated 
with  a five  to  ten  per  cent,  aqueous  solution  of  sulphuric  acid,  the  larda- 
ceous  material  reddens  and  eventually  turns  blue.  Occasional^,  this 
reaction  cannot  be  obtained,  the  sulphuric  acid  deepening  the  brownish 
hue  already  given  by  the  iodin.  The  fact  that  lardacein  material  does  not 
always  respond  in  exactly  the  same  manner  has  led  to  the  belief  that  we 
- are  dealing  with  a number  of  bodies  so  closely  allied  that,  with  the  means 
at  present  at  our  command,  differentiation  is  impossible. 

For  the  histologic  demonstration  of  lardacein  the  material  should 
be  fixed  in  absolute  alcohol,  the  sections  stained  in  Gram’s  solution, 
washed  in  water,  and  mounted  in  glycerin  or  glycerin  jelly.  Unfortu- 
nately, permanent  mounts  quickly  lose  the  characteristic  color.  Sec- 
tions may  be,  without  previous  staining,  dehydrated  in  a mixture  com- 
posed of  one  part  of  tincture  of  iodin  and  three  parts  of  absolute  alcohol, 
cleared,  and  mounted  in  oleum  origani  cretici.  A number  of  anilin  dyes 
afford  reasonably  characteristic  stains  for  amyloid  material.  Sections 
are  stained  in  a one  per  cent,  solution  of  methyl- violet  for  five  minutes, 
washed  lightly  in  one  per  cent,  aqueous  solution  of  acetic  acid,  followed 
by  water  to  remove  the  excess  of  the  acid,  and  mounted  in  glycerin  or 
glycerin  jelly.  The  tissues  by  this  method  are  stained  blue  and  the 
amyloid  material  a reddish-violet.  Iodin-green  may  be  applied  in  the 
same  manner,  although  longer  staining  is  usualty  demanded;  with  this 
reagent  the  tissue  stains  green,  the  lardacein,  reddish-violet.  Birch- 
Hirschfeld  recommends  a combination  of  gentian-violet  and  Bismarck 
brown.  Sections  are  first  stained  five  minutes  in  a two  per  cent,  alcoholic 
solution  of  Bismarck  brown,  washed  in  alcohol  followed  by  water,  and  this 
in  turn  by  a two  per  cent,  aqueous  solution  of  gentian  violet  for  ten  min- 
utes; they  are  differentiated  in  one  per  cent,  aqueous  solution  of  acetic  acid, 
washed  in  water  and  mounted  in  glycerin  or  glycerin  jelly,  or,  best,  in 
levulose.  The  tissue  is  stained  brown  by  this  method  and  the  amyloid 
material  red.  Harris  recommends  the  following  method:  Fix  material  in 

alcohol,  stain  sections  three  to  twenty-four  hours  in  carbol-toluidin-blue, 
rinse  with  water,  and  mordant  for  one  or  two  seconds  with  a two  per  cent, 
solution  of  ferrocyanid  of  potassium,  wash  in  water,  and  differentiate  in 
acid  alcohol.  Dehydrate,  clear  in  cedar  oil,  mount  in  balsam.  Lar- 
dacein is  stained  red;  other  elements,  varying  shades  of  blue;  the  slightly 
reddened  fibrous  tissue  is  easily  identified.  In  addition  to  the  specific  stains 
previously  indicated,  satisfactory  exhibition  of  the  amyloid  areas  is 
afforded  by  any  good  hematoxylin  stain,  followed  by  eosin  and  mounted 
in  the  usual  manner.  Sections  so  prepared  keep  well  and  exhibit  both 
the  normal  and  abnormal  structures  to  advantage. 

Pigmentary  infiltration,1  also  known  as  pigmentation,  consists  in  the 

1 Exhaustive  bibliography  on  Pigmentations,  see  Chantemesse  and  Podwyssotsky, 
Les  Processus  Generaux,  1901,  p.  313. 


PLATE  V. 


Cut  surface  of  spleen,  showing  lardaceous  change.  The 
wedge-shaped  area  shows  the  iodine  reaction.  ( Atlas  of  Pathology , 
Sydenham  Society.) 
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introduction  into,  or  production  by,  the  tissues  or  cells  of  pigment  gran- 
ules. These  pigment  granules  may  arise  from  two  sources:  (a)  They 

may  be  imported  into  the  body,  and  are  therefore  extraneous  pigments,  or 
(6)  they  may  arise  as  the  result  of  changes  in  elements  normally  present  in 
the  body — autochthonous  pigments.  Another  form  of  pigmentation, 
known  as  pseudomelanosis,  has  been  described;  it  is  due  to  hydrogen 
sulphid  coming  in  contact  with  the  iron  present  in  the  tissues  postmortem. 
It  is  usually  seen  on  the  under  surface  ot  the  liver,  and  occasionally  on  the 
intestines;  sometimes  the  spleen  is  intensely  colored.  One  aware  of  its 
possible  occurrence  postmortem  is  not  likely  to  be  mistaken,  or  fail  to 
recognize  the  condition  when  it  is  present. 

(a)  External  or  Introduced  Pigments. — These  are  well  illustrated  in 
pneumoconiosis.  (See  Diseases  of  the  Mucous  Membranes  in  Part  II.) 
In  this  type  are  included  solid  pigments  arising  from  external  sources, 
such  as  hard  coal  in  miners,  iron  in  laborers  in  iron  manufactories,  and, 
in  stone  cutters,  particles  of  sand.  Any  of  these  insoluble  pigments  can 
secure  access  to  the  tissue  through  a wound,  111  which  they  are  probably 
retained  by  the  action  of  phagocytes.  A form  of  pigmentation  similar 


Fig.  i 


to  that  occurring  in  wounds  is  seen  in  tattooing,  also  in  the  small  grains 
of  powder  forced  into  the  skin  in  powder  explosions. 

In  pneumoconiosis1  the  foreign  material  enters  by  way  of  the  air- 
passages,  and  may  consist  of  any  solid  body  that  is  capable  of  dissemi- 
nation in  a sufficiently  finely  divided  state  to  permit  its  inhalation. 
When  the  solid  material  is  hard  coal,  the  condition  is  spoken  of  as  an- 
thracosis;  when  the  material  contains  iron,  the  affection  is  known  as 
siderosis;  when  composed  of  sand  or  of  fragments  of  stone,  as  in  stone- 
cutters, it  is  called  lithosis  or  chalicosis.  Potter’s  pneumoconiosis — 
kaolinosis — results  from  the  inhalation  of  kaolin,  a clay  used  in  the 
manufacture  of  pottery.  Dust  pigmentation  of  the  lung  also  occurs 
in  street  sweepers  and  in  workers  in  shoddy  mills,  granaries,  and  other 

1 DcKerdrel,  These  de  Lyon,  1907-08;  Oberndorfer,  Ergeb.  d.  allg.  Path.  u. 
Path.  Anat.,  Lubarsch  and  Ostertag,  1908,  p.  492;  Lubenau,  Arch.  f.  Hyg.,  1907, 
lxiii,  4;  Shingu,  also  Arbeiter,  Virch.  Arch.,  Bd.  200,  H.  2,  1910;  Montgomery, 

Jour.  Med.  Research,  Aug.,  1910,  p.  in;  Mace,  Arch.  Intern.  Med.,  Nov.,  1910, 
P-  532- 


10. — SecTioN  of  Lung  Showing  Infiltration  of  the  Connective  Tissue  of  the  Alveolar 
Wall  by-Coal-dust  (Anthracosis).  (Rindflcisch) . 
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dust  occupations.  The  inhaled  foreign  body  is  less  likely  to  give  rise  to 
important  tissue  changes  than  the  associated  bacteria  which  accompany  it 
or  later  enter  the  affected  tissues.  Of  the  inorganic  substances,  Reckzeh 
believes  that  lime  is  the  least  injurious.  Dusts  of  organic  origin,  such  as 
wool  and  hair,  are  most  dangerous. 

The  fact  that  the  lungs  are  the  most  frequent  site  of  dust  deposits  and 
that  in  these  organs  tuberculosis  manifests  its  most  destructive  tendency, 
and  the  assumption  that  coal  dust  and  tubercle  bacilli  enter  by  the  same 
paths — a surmise  by  no  means  established — has  led  to  the  closest  inquiry 
concerning  the  mode  of  pigment  ingress.  A number  of  French  observers 
have  strongly  insisted  on  the  introduction  of  pigment  through  the  ali- 
mentary canal,  assuming  that  by  way  of  the  thoracic  duct  such  extrane- 
ous matter  entered  the  circulation  and  reached  the  lung.  Many  investi- 
gators have  shown  that  a trans-intestinal  passage  of  pigment  is  inadequate 
to  account  for  the  intensity  of  the  pulmonary  deposit.  The  experiments 
of  Montgomery  indicate  that  pigment  entering  by  way  of  the  intestine  is 
insignificant. 

Deposited  on  the  surface  of  the  mucosa  the  pigment  enters  the  epithe- 
lium, or  what  is  more  likely,  is  carried  by  migrating  phagocytes  into  the 
submucosa.  Once  the  pigment  penetrates  the  protecting  membrane, 
either  skin  or  mucosa,  it  reaches  the  lymphatic  spaces,  and  may  pass  on 
to  the  lymph-nodes,  or  even  further,  eventually  reaching  the  circulation. 
A lymph-node  may  break  into  a blood-vessel,  and  the  solid  pigment  thus 
be  carried  everywhere  by  the  circulation.  Weigert  asserts  that  this 
is  a method  by  which  any  extraneous  pigment  reaches  viscera  other  than 
the  lung;  e.  g.,  the  liver  and  spleen.  Betz  reports  the  case  of  a stone- 
cleaner  whose  urine  suddenly  contained  an  easily  sedimented  black  pig- 
ment which  was  present  in  demonstrable  quantities  for  four  days.  The 
carbonaceous  character  of  the  substance  was  demonstrated  by  chemic 
examinations. 

Other  extraneous  pigments  do  not  enter  the  body  as  pigments, 
but  are  converted  into  such  by  the  action  of  the  bod}^-juices.  Silver 
may  be  taken  as  a type  of  these  pigments,  entering  the  circulation  and 
coming  to  the  surface  of  the  body  as  an  albuminate.  It  is  deposited  in 
the  skin  by  the  action  of  light  as  metallic  silver,  the  resulting  condition 
being  known  as  argyria.  In  marked  cases  the  silver  is  deposited  in  the 
mucous  membrane  of  the  intestine,  in  the  liver,  spleen,  kidneys,  and 
other  organs. 

(b)  Pigments  Derived  from  Elements  Normally  Present  in  the  Body. — Pig- 
mentation is  a normal  process  in  the  skin,  especially  of  the  negro,  and  in  the 
iris,  hair,  mammillae,  and  corpus  luteum;most  organs  possess  specific  colors; 
of  such  normal  pigments  hemoglobin,  biliary  pigments,  myochrome,  and  uro- 
chrome  may  be  mentioned.  Pigments  derived  from  the  blood — so-called 
hematogenous  pigments — are  the  result  of  changes  in  the  normal  hemoglobin 
during  life.  In  health  hemoglobin  is  not  yielded  to  any  of  the  tissues  with 
which  it  comes  in  contact;  in  certain  conditions,  however,  the  stroma  of  the 
erythrocyte  containing  the  normal  pigment  may  be  altered  or  destroyed 
(hemolysis),  giving  rise  to  hemoglobinemia ; the  dissolved  hemoglobin  may 
be  excreted,  as  in  hemoglobinuria.  During  life  two  blood  pigments 
resulting  from  changes  in  hemoglobin  are  hematoidin  and  hemosiderin; 
the  latter  differs  in  many  respects  from  the  former:  the  principal  difference 
is  that  hemosiderin  contains  iron.  Both  are  derivatives  of  hematein 
which  in  turn  results  from  decomposition  of  hemoglobin.  A pigment  very 
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closely  allied  to  those  just  mentioned  is  melanin,  a normal  pigment  in  the 
mammillae,  to  a lesser  degree  in  the  skin  of  the  Caucasian,  but  particularly 
abundant  in  the  negro.  It  is  also  found  in  the  hair,  choroid,  and  in  such 
pathological  processes  as  melanotic  tumors.  At  one  time  it  was  thought 
that  the  pigment  of  malaria  was  melanin.  The  investigations  of  Carbone 
and  others  have  proved  that  the  pigmentation  in  this  disease  is  due  to  the 
presence  of  hematein  or  a hematein  derivative.  Rogers  has  recently 
called  attention  to  a peculiar  pigmented  atrophy  of  the  mucous  membrane 
of  the  small  intestine  in  cases  of  malaria.  In  some  instances  the  pigment 
deposit  is  sufficient  to  render  the  mucosa  gray  or  of  a dark,  slaty  color. 

Melanin  properly  so-called  is  apparently  a metabolic  product  of  cells 
and  not  a derivative  of  hemoglobin  as  was  originally  held.  In  melanotic 
tumors  it  is  produced  by  the  neoplastic  cells  often  in  large  quantities  and 
may  enter  the  circulation  and  be  excreted  in  the  urine — melanuria. 


a 


Fig.  hi. — Section  op  a Lung  Showing  Chalicosis. 

P.  Pleura,  b.  Nearly  normal  air  vesicles;  some  are  slightly  emphysematous,  a.  Mass  of  infiltrated  material 
with  dense  fibrous  capsule  and  situated  in  the  pleura,  a'.  Similar  mass  in  the  lung  tissue;  other  masses 
are  shown,  g.  Blood-vessel  around  a branch  of  which  is  forming  an  area  of  infiltration.  ' i.  Thickened, 
fibroid  interlobular  septum.  ( Sckmaus .)  X 30  diameters. 

Ochronosis1  is  characterized  by  a deposit  of  black,  or  brownish-black 
iron-free  pigment  in  the  cartilages.  It  is  usually  associated  with  alkap- 
tonuria. Allard  and  Gross  have  shown  that  if  normal  cartilage  be  im- 
mersed in  a solution  of  homogentisic  acid  it  takes  on  a hue  similar  to 
that  seen  in  ochronosis.  The  acid  is  sometimes  seen  in  the  urine  associ- 
ated with  alkapton.  The  pigmentation  occurs  in  the  nose  and  ear,  costal 
cartilages,  articular  cartilages,  and  in  the  cartilages  of  the  wind-pipe  and 
bronchi;  the  bones,  and  less  frequently  the  intima  of  the  aorta  and 
endocardium,  may  be  pigmented. 

‘Pope,  Lancet,  Jan.  6,  1906,  p.  24;  Osier  and  others,  Quarterly  Jour,  of  Med., 
Jan.,  1908;  Allard  and  Gross,  Mittheil.  a.  d.  Grenzg.  d.  med.  u.  Chir.j  June  6,  1908^ 
xix,  No.  1;  Oberndorfer,  Ergeb.  d.  allg.  Path.  u.  path.  Anat.,  Lubarsch  and  Oster- 
tag,  1908,  p.  480;  Poulsen,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.,  1910,  xhdii,  p.  346. 
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In  1889,  von  Recklinghausen  described  a form  of  pigmentation 
affecting  a number  of  organs  which  he  called  hemochromatosis.1  In  its 
terminal  stage  hemochromatosis  is  accompanied  by  diabetes — the 
bronzed  diabetes  of  French  writers.  Many  glands  in  the  body  are  impreg- 
nated with  a reddish-yellow  or  ochre-colored,  granular  pigment,  contain- 
ing iron.  The  muscularis  of  the  stomach  and  intestines  contains  a fine, 
pure  yellow,  iron-free  pigment.  The  granules  containing  iron  are  called 
hemosiderin,  the  others  hemofuchsin.  The  condition  is  associated  with 
cirrhosis  of  the  liver  nearly  always  of  the  hypertrophic  type,  and  chronic 
interstitial  pancreatitis. 

In  Addison’s  disease3  there  is  an  excess  of  pigment  in  the  rete  and 
deposits  may  also  occur  in  the  mucosa,  particularly  of  the  mouth.  The 
source  and  character  of  the  pigment  and  cause  or  causes  of  the  pigmenta- 
tion are  unknown.  A pigment  closely  allied  to  hematoidin  is  lutein, 
which  is  the  coloring-matter  of  the  yolk  of  the  egg,  and  is  found  in  the 
corpus  luteum.  Lutein  and  a number  of  pigments  appear  to  be  rich  in 
fat  or  lipoids  and  have  been  designated  lipochromes,  placing  them  with  the 
coloring-matter  of  normal  adipose  tissue. 

Bacterial  Pigmentation. — Certain  pigments  produced  by  bacterial 
growth  occur  in  suppuration.  The  Bacillus  pyocyaneus  is  the  organism 
most  commonly  producing  pigment  in  pus,  or  even  catarrhal  discharges 
from  such  mucous  surfaces  as  the  nose,  uterus,  and,  rarely,  the  bowels. 

Occasionally,  cells  whose  particular  function  it  may  be  to  elaborate  a 
given  pigment  fail  to  do  so.  Such  failures  often  become  as  conspicuous 
and  as  easily  recognizable  as  the  over-production  of  pigment  under 
other  circumstances.  The  albino  is  an  example  of  congenital  absence 
of  pigment  production,  particularly  in  the  skin,  the  hair,  the  irides,  and 
the  choroid  coats  of  the  eyes.  A minor  degree  of  failure  in  pigment 
formation  is  seen  in  the  condition  spoken  of  as  leukoderma,  in  which 
whitish  areas  appear  upon  a skin  otherwise  normal.  Occasional  in- 
stances of  this  peculiar  disorder  have  been  observed  in  the  colored  race, 
the  skin  at  times  showing  areas  of  snowy  whiteness,  which  strongly 
contrast  with  the  surrounding  normal  tissue.  No  satisfactory  explana- 
tion of  this  condition  is  at  present  forthcoming.  The  failure  in  the 
production  of  blood  pigment  seen  in.  certain  blood  diseases  probably 
deserves  a distinct  position. 

Demonstration  of  Pigment  in  Tissues. — With  the  usual  processes 
of  fixation  most  pigments  can  be  readily  recognized  within  and  between 
the  cellular  elements  of  the  structures  involved,  but  their  identification  is 
a more  difficult  task.  The  chemic  and  microchemic  reactions  of  the 
various  pigments  are  but  poorly  understood.  In  addition  to  the  differen- 
tiating points  previously  indicated,  the  most  important  demonstration 
is  that  of  iron.  As  before  stated,  hemosiderin  contains  iron;  there  are 
probably  a number  of  pigments  included  under  the  name  of  hemosiderin 
merely  from  the  fact  that  iron  is  present.  The  demonstration  of  the  iron 
is  usually  accomplished  as  follows:  Tissues  that  have  been  fixed  in  abso- 

lute alcohol  are  sectioned  in  the  usual  manner.  Sections  are  treated  for 
one  to  two  hours  in  a one  per  cent,  aqueous  solution  of  ferrocyanid  of 
potassium,  and  mounted  in  glycerin  containing  0.5  per  cent,  hydrochloric 

’Beattie,  Jour.  Path,  and  Bact.,  1904,  vol.  ix,  p.  117;  Futcher,  Trans.  Assoc. 
Amer.  Phys.,  xxi,  1906,  p.  278. 

2 See  Diseases  of  the  Adrenals. 
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acid.  The  pigment  containing  iron,  not  in  the  so-called  concealed  or 
masked  form,  will  show  the  bright  blue  reaction.  In  order  to  secure 
the  reaction  with  both  ferric  and  ferrous  salts  it  may  be  necessary  to  use  a 
mixture  of  ferrocyanid  and  ferricyanid  of  potassium,  each  0.5  to  1 gm.  to 
100  c.c.  of  water.  For  the  demonstration  of  iron  Nishimura1  recommends 
the  following:  (1)  Fix  in  ascending  strengths  of  alcohol,  or  ten  per  cent, 

formalin;  (2)  frozen  sections  or  celloidin  embedding;  (3)  concentrated 
ammonium  sulphate  for  one  hour;  (4)  rapid  washing  in  distilled  water;  (5) 
in  a mixture  of  equal  parts  of  two  per  cent,  ferrocyanid  of  potassium  and 
one  per  cent,  hydrochloric  acid  for  one  to  one  and  one-half  hours;  (6) 
wash  a few  minutes  in  one-half  per  cent,  hydrochloric  acid  water;  (7) 
thorough  washing  in  distilled  water;  (8)  nuclear  staining  with  carmin  if 
desired;  (9)  dehydrate  and  embed  in  Canada  balsam.  It  is  desirable  to 
remove  the  celloidin  from  sections  before  using  this  method. 

Calcification,  or  calcareous  infiltration  consists  in  the  deposit  in  the 
tissues  of  salts  of  lime  and  magnesium;  the  lime  salts  are  the  phosphate, 
carbonate,  chlorid,  and  fluorid;  the  magnesium  salt  is  a phosphate. 

The  term  petrification  or  petrifaction  has  been  applied  to  deposits  com- 
posed purely  of  magnesium  and  other  than  lime  salts,  while  the  term 
calcification  has  been  restricted  to  lime  salts.  That  so  sharp  a differen- 
tiation is  advisable  or  even  possible  is,  in  the  opinion  of  the  writer, 
doubtful. 

Causes. — Calcification  is  practically  never  a primary  process;  most 
frequently  it  is  secondary  to  some  destructive  change  in  the  cellular 
elements  of  the  area  involved:  e.  g.,  local  changes  in  nutrition,  coagu- 
lation of  albumin,  slowing  of  the  circulation,  inflammation,  necrosis,  and 
chronic  infections.  It  may  be  said,  in  a general  way,  that  calcification 
is  an  evidence  of  age,  and  that  the  more  marked  the  calcification,  the 
older  must  be  the  involved  tissue.  Calcification  is  one  of  nature’s  methods 
of  limiting  infection,  as  is  shown  by  the  calcareous  masses  that  collect 
around  tuberculous  areas  and  in  actinomycotic  masses  and  in  the  fungus 
itself.  Thomassen2  has  shown  that,  in  animals  immunized  to  the  tubercle 
bacillus,  the  greater  the  immunity,  the  more  marked  the  calcific  deposit  in 
areas  containing  the  tubercle  bacillus.  The  ultimate  cause  of  the  deposit 
of  lime  salts  may  be  said  to  be  unknown.  The  fact  that  it  is  more  or  less 
constantly  associated  with  tissue  death,  or  senescence,  would  indicate  that 
disorganization  or  dissolution  of  protein  bodies  favors  the  deposit;  for  this 
reason  it  has  been  held  that  the  tissue  elements  in  process  of  disorganization 
enter  into  chemical  combination  and  retain  within  them  the  earthy  salts, 
which,  under  normal  conditions,  escape  or  remain  in  solution.  In  that  form 
of  tissue  death,  called  fat  necrosis,  often  associated  with  disease  of  the 
pancreas,  the  affected  structures  are  promptly  infiltrated  by  calcific 
matter.  It  is  commonly  held  that  the  change  is  brought  about  by  com- 
bination of  the  fatty  acids  with  lime  salts  derived  from  the  circulating 
blood. 

Morbid  Anatomy. — The  lime  salts  may  form  distinct  concretions 
as  in  tuberculous  abscesses  and  tuberculous  glands,  or  they  may  be  dif- 

1 Centralbl.  f.  Allg.  Path.,  Bd.  xxi,  No.  1,  1910,  p 10. 

2 Rev.  Med.  Vet.,  1903,  vol.  x,  p.  5;  Klotz,  Jour.  Exper.  Med.,  Nov.  25,  1905; 
Baldauf,  Jour.  Med.  Research,  Dec.,  1906,  p.  355:  Thayer  and  Hazen,  Jour.  Exper. 
Med.,  Jan.,  1907;  Wells  and  Benson,  Jour.  Med.  Research,  Oct.,  1907,  p.  15;  Etienne 
and  Fritscli,  Jour,  de  Physiol,  et.  de  Path,  gen.,  Nov.,  1909;  Wells  and  Mitchell, 
Jour.  Med.  Research,  June,  19x0,  p.  501. 
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fused  between  or  into  the  cellular  elements  of  a tissue;  e.  g.,  the  carti- 
lages of  the  ribs.  This  latter  process  is  analogous  to  ossification  observed 
in  bone;  calcification  differs  from  ossification  in  that  the  former  does  not 
possess  any  distinct  histologic  structure. 

Calcification  is  observed  in  “healed-in”  infectious  processes,  or  where 
attempts  at  “healing  in”  have  been  made;  it  is  frequently  present  in 
cicatricial  tissues,  particularly  in  those  connected  with  the  periosteum;  it  is 
seen  in  certain  tumors,  e.  g.,  psammona  of  the  brain,  in  thrombi,  and  in 
areas  that  have  undergone  hyalin,  fatty,  and  other  degenerative  and 
necrotic  changes.  The  salts  may  be  deposited  both  within  and  between 
the  cells.  Deposit  within  the  cells  is  encountered  in  the  ganglion  cells  of 
senescence,  but  elsewhere  the  calcium  salts  are  most  common  between  the 
cells:  that  is,  in  the  intercellular  substance.  Calcification  following 
attempts  at  repair  is  observed  secondary  to  inflammation  of  serous 
membranes,  notably  of  the  pleura  and  pericardium.  It  occurs  as  a se- 
quence of  inflammatory  and  degenerative  processes  in  the  blood-vessels,  par- 
ticularly the  arteries,  and  is  also  seen  around  the  cardiac  orifices  and  in  the 
older  sclerotic  areas  in  valve  leaflets.  The  lime  salts  sometimes  appear  to 
manifest  an  almost  specific  affinity  for  elastica  and  especially  that  of  the 
blood-vessels.  A few  remarkable  cases  of  extensive  calcareous  infiltration 
of  one  or  more  of  the  internal  organs  have  been  recorded.  The  lungs 
may  be  sprinkled  with  calcific  areas  and  ten  to  fifteen  per  cent,  of  the 
organ  may  be  earthy  matter.  Similar  miliary  calcification  is  occasion- 
ally observed  in  the  liver  and  spleen.  Sometimes  the  tendon  of  the 
diaphragm  is  affected  and  large,  calcareous  plaques  may  be  found  in 
the  mediastinum.  In  most  of  these  cases,  at  autopsy,  it  is  impossible 
to  say  exactly  what  was  the  primary  lesion  in  which  the  lime  salts  were 
deposited.  Tuberculosis  at  once  suggests  itself,  but  often  no  evidence 
in  support  of  this  view  can  be  discovered.  One  of  the  remarkable  in- 
stances of  calcific  deposit  is  that  occasionally  seen  in  the  dead  fetus  of  a 
ruptured  ectopic  gestation.  In  the  course  of  years  a fetus  remaining  in  the 
abdominal  cavity  may  be  extensively  infiltrated  with  lime  salts,  thereby 
producing  a body  spoken  of  as  a lithopedion.  Haultain1  has  recorded  an 
instance  in  which  a lithopedion  was  present  in  the  abdominal  cavity  for 
forty-one  years;  the  conformation  of  the  fetus  was  so  perfectly  preserved 
that  the  projecting  finger-nails  could  easily  be  identified.  Calcification  of 
the  placenta  is  occasionally  observed. 

The  demonstration  of  calcific  deposits  does  not  ordinarily  require 
aid  other  than  the  gross  examination.  The  deposits  are  usually  sufficiently 
well  marked  to  be  easily  recognized  by  palpation,  and  may  be  further 
shown  by  the  occurrence  of  fracture  on  bending — a test  particularly 
applicable  to  blood-vessels  and  valve  leaflets.  In  sections,  the  calcific 
deposit  is  not  uncommonly  first  discovered  by  the  nicking  of  the  micro- 
tome knife.  When  the  deposit  is  scanty,  fine  granules  or  grosser  collec- 
tions may  be  readily  recognized  under  the  microscope.  The  strong  affin- 
ity of  salts  for  hematoxylin  also  constitutes  an  important  test.  Applica- 
tion of  a five  per  cent,  aqueous  solution  of  hydrochloric  or  nitric  acid 
leads  to  their  disappearance,  the  carbonates  effervescing  as  a result  of  the 
liberation  of  carbon  dioxid.  The  demonstration  of  lime  salts  may  be 
further  a'ided  by  the  addition  of  sulphuric  acid,  leading  to  the  formation 
of  gypsum  (sulphate  of  lime),  which  may  be  recognized  as  needle-like 
crystals. 

1 Jour,  of  Obstetrics  of  the  British  Empire,  Oct.,  1904. 
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Uric  Acid  Deposits.1 — Associated  with  gout  is  the  abundant  deposit 
of  uric  acid  and  its  salts,  particularly  in  articular  and  para-articular 
structures,  although  the  kidneys,  skin,  and  fibrous  tissues  of  the  body 
may  be  involved.  Wherever  the  deposit  takes  place  there  is  usually  a 
surrounding  area  of  local  necrosis,  or  at  least  marked  degenerative  change. 
The  cause  of  the  deposits  has  not  been  definitely  determined.  We  do  not 
even  know  whether  it  is  defective  excretion,  overproduction,  or  faulty 
oxidation.  The  deposition  is  frequently  associated  with  local  pain  and 
inflammation.  The  statement  commonly  made  that  the  deposits  consist  of 
sodium  urate  is  not  strictly  true,  as  Roberts  has  satisfactorily  demon- 
strated that  they  consist  of  sodium  biurate,  probably  precipitated,  in  tissues 
involved,  from  the  quadriurate  circulating  in  the  blood.  The  uratic 
deposit  in  the  cortex  of  the  kidney  is  irregularly  distributed,  while  in  the 
medullary  portion  it  follows  the  course  of  straight  vessels.  The  tophi  in 
the  cartilaginous  external  ear  (the  helix),  and  the  deposits  in  the  eyelids, 
around  the  tendons,  in  the  fibrous  textures  of  the  palms  of  the  hands  and 
plantar  tissues,  are  composed  of  inflammatory,  necrotic,  and  hyaline 
elements  containing  a varying  amount  of  sodium  biurate. 

Glycogen  Infiltration.2 — Glycogen,  like  fat,  is  a normal  constituent 
of  liver  tissue,  arising  from  the  metabolism  of  grape-sugar  by  the  ex- 
traction of  a molecule  of  water: 


Grape-sugar.  Water.  Glycogen. 

CcH12Oc  - H20  = C6H10O5 

That  it  can  also  be  produced  from  albumins  there  seems  no  reasonable 
doubt;  but  the  uncertain  composition  of  the  protein  bodies  makes  the 
chemic  change  of  albumin  into  glycogen  an  unsolved  problem  in  physio- 
logic chemistry.  While  produced  normally  in  the  organism,  it  is  in  diabe- 
tes that  its  most  remarkable  generation  is  observed.  When  we  have  solved 
the  pathology  of  diabetes,  the  production  of  glycogen,  and  particularly 
its  tissue  infiltrations,  may  become  apparent.  It  has  a rather  remark- 
able resemblance  to  amyloid  material,  and,  still,  that  it  is  not  the  same 
can  be  easily  established.  It  reacts  with  an  aqueous  solution  of  iodin 
very  much  as  amyloid  material,  but  does  not  give  the  blue  with  iodin 
and  sulphuric  acid;  if  treated  with  ptyalin  or  amylopsin,  it  quickly 
loses  its  iodin  reaction;  while  amyloid  is  insoluble  in  water,  glycogen 
is  freely  soluble.  Glycogen  is  converted  postmortem  into  grape-sugar. 
The  extraction  of  glycogen  from  the  liver  is  accomplished  by  dissolving 
it  in  an  alkali  and  precipitating  by  alcohol.  It  is  a white  powder  freely 
soluble  in  water  and  giving  the  solution  an  opalescent  tint. 

Demonstration. — To  demonstrate  glycogen  in  tissues,  use  anhydrous 
alcohol  for  fixation,  infiltrate  with  celloidin,  and  harden  in  cedar  oil  and 
chloroform.  For  staining,  Barfurth  advises  a glycerin  solution  of 
iodin,  and  Ehrlich  a syrupy  solution  of  iodin  in  gum  acacia.  By  either 
of  these  solutions  it  stains  brown,  like  amyloid,  but  is  differentiated  by 

1 McCrudden,  The  Chemistry,  Physiology,  and  Pathology  of  Uric  Acid,  and  the 
Physiologically  Important  Purin  Bodies,  1905.  Sikes,  Practitioner,  January- June, 
1908,  p.  396. 

2 Driessen,  Centralbl.  f.  allg.  Path.,  Feb.  28,  1905,  p.  129;  Schiitzenberger, 
These  de  Paris,  1905;  Habershon,  Jour.  Path,  and  Bact.,  Jan.,  1906,  p.  95;  Lu- 
barsch,  Virch.  Arch.,  Bd.  clxxxiii,  H.  2,  1906,  p.  188;  Moscati,  Rif.  Med.,  Jan.  29, 
1907;  Hirschberg,  Virch.  Arch.,  Bd.  cxciv.  p.  357:  Mayer,  Zcitschr.  f.  Wissen. 
Mikroscopie,  etc.,  March  15,  1910,  p.  513;  Kleestadt,  Frankfurter  Zeit.  f.  Path., 
Bd.  iv,  H.  3,  1910. 
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the  insolubility  of  the  last-named  body.  Fixation  in  absolute  alcohol 
lessens  solubility,  but  does  not  render  it  insoluble.  On  account  of  the 
readiness  with  which  glycogen  is  dissolved  it  has  been  recommended  to 
secure  the  iodin  stain  by  exposing  thin,  undried  cover-glass  spreads  to 
the  vapor  of  iodin  and  mounting  the  film  in  a saturated  glycerin  or  gum 
acacia  solution  of  iodin. 

As  an  infiltration,  glycogen  is  found  in  the  liver,  epithelial  cells  of 
Henle’s  loops,  in  circulating  leukocytes,  and  in  pus-cells.  The  glycogenic 
reaction  of  leukocytes — iodophilia1 — is  seen  in  a number  of  infectious  proc- 
esses, particularly  suppurative  lesions,  and  is  usually  associated  with 
leukocytosis.  Many  tumors  contain  glycogen.  It  is  said  to  be  more 
abundant  in  sarcoma  than  in  carcinoma,  and  often  forms  a conspicuous 
element  in  tumors  derived  from  adrenal  cells  (hypernephroma)  and  in 
neoplasms  of  the  testicle  and  bone. 

Morbid  Anatomy. — Organs  showing  glycogenic  infiltration  resemble 
amyloid  viscera  with  the  following  exceptions:  The  specific  gravity 

is  low;  there  is  not  the  bacony  density;  anemia  and  brittleness  are  less 
marked;  the  organs  never  attain  the  size  sometimes  seen  in  amyloid 
disease;  and  the  difference  given  above  in  the  chemic  stain  reactions. 
In  cells  from  which  glycogen  has  been  dissolved  the  protoplasm  mani- 
fests a reticulated  appearance,  due  to  the  cavities  left  by  removal  of  the 
substance;  this  characteristic  is  particularly  marked  in  the  hepatic  cell, 
but  may  also  be  seen  in  the  renal  epithelium  and  in  neoplastic  cells. 

Cholesterin  Infiltration. — There  is  much  doubt  as  to  this  being  an 
infiltration;  in  degenerative  processes  cholesterin  is  likely  to  be  found, 
but  gives  no  macroscopic  evidence  of  its  presence.  Under  the  micro- 
scope it  may  be  recognized  as  thin,  rhombic  plates  with  irregular  edges, 
and  quite  commonly  each  plate  has  a small  square  absent  from  one  corner, 
appearing  as  though  it  had  been  cleanly  cut  out.2  In  addition  to  the  de- 
generative processes  already  mentioned,  cholesterin  is  found  in  the  con- 
tents of  cysts,  and  sometimes  in  inflammatory  exudates  and  in  athero- 
matous areas. 

Hydropic  Infiltration. — In  edema  the  tissues  involved  are  bathed  in 
fluid  that  distends  the  lymph-spaces,  and  the  cells  of  the  area  may  take  up 
a varying  amount  of  this  fluid.  By  some  it  is  considered  an  infiltration, 
and  is  spoken  of  as  dropsical  or  hydropic  infiltration.  It  is  practically 
always  associated  with  more  or  less  degenerative  change  in  the  cells,  and 
it  has,  therefore,  seemed  to  the  writer  best  to  consider  it  with  the  degenera- 
tions. (See  Hydropic  Degeneration,  also  Edema.) 

(B)  DEGENERATION. 

Degeneration3  is  characterized  by  retrograde  changes  in  the  proto- 
plasm and  nuclear  structure  of  cells,  and,  though  to  a lesser  degree, 
of  acellular  tissues.  These  alterations  may  be  recognized  by  chemic 
or  microchemic  methods  and  can  often  be  seen  in  untreated  cells.  In- 
filtration may  lead  to  degeneration,  and  degenerations  may  be  accom- 
panied by  infiltrations;  the  processes,  however,  may  be  distinct.  Not- 
withstanding the  entity  of  each,  an  infiltration  may  be  associated  with 

1 See  Diseases  of  the  Blood,  Part  II,  Chapter  I. 

2 See  illustration  in  chapter  on  the  Microscopic  Examination  of  Urine. 

3 For  full  bibliography  see  Chantemesse  and  Podwyssotsky,  Les  Processus  Gene- 
raux,  1901. 
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a degeneration,  the  two  tissue  changes  apparently  going  on  side  by  side, 
thus  affording  an  obscure  picture  of  both.  In  such  complex  processes, 
however,  the  degeneration  is  likely  to  be  most  detrimental,  and  while  it 
may  have  been  preceded  by  the  infiltration,  or  the  infiltration  may  have 
arisen  after  the  inception  of  the  degeneration,  still,  the  degenerative 
lesion  will  constitute  the  important  pathologic  phenomenon.  Degenera- 
tions are  also  known  as  metamorphoses.  Occasionally  a degeneration  is 
spoken  of  as  a necrobiosis ; this  term  is  not,  however,  correct,  as  the  latter 
condition  implies  molecular  death,  and  an  organ  or  a cell  may  be  degen- 
erated but  not  as  yet  be  dead,  although  ultimately  the  cell  may  perish. 
Degenerations  are  parenchymatous,  fatty,  hydropic,  colloid,  mucoid, 
hyalin,  and  corneous. 

Parenchymatous  degeneration,  also  known  as  cloudy  swelling,  granular 
degeneration,  and  parenchymatous  metamorphosis,  consists  of  a precipitate, 
within  the  cell  protoplasm,  of  what  seems  to  be  albumin,  or  other  cell 
protein,  in  a finely  granular  form.  The  nucleus  of  the  cell  is  obscured,  or 
even  hidden,  by  minute  granules,  and,  late  in  the  process,  may  be  de- 
stroyed; the  perinuclear  protoplasm  contains  an  abundant  granular  precip- 
itate; the  cell  outlines  are  indistinct,  and  the  entire  body  may  be  dis- 
integrated. It  is  probable  that  the  process,  if  continued,  terminates  in  a 
fatty  degeneration,  and  that  the  granular  bodies  seen  are  eventually 
converted  into  oil.  The  cell  may  again  be  cleared  up  by  the  use  of  dilute 
acetic  acid  or  a strong  alkali.  The  nucleus  often  becomes  visible,  although 
granular  bodies  may  merely  agminate  and  not  disappear. 

Causes. — Probably  more  than  to  anything  else  granular  degeneration 
is  due  to  poisons  of  one  kind  or  another;  poisoning  by  carbonic,  phosphoric, 
and  arsenious  acids,  and  by  the  salts  of  mercury,  copper,  antimony,  etc. ; 
intense  or  long-continued  hyperemia,  vascular  stasis,  and  edema;  inflamed 
mucous  membranes  usually  manifest  the  change  to  a high  degree;  a simi- 
lar process  is  seen  in  inflammation  of  muscle:  e.  g.,  acute  myocarditis; 
in  acute  yellow  atrophy  of  the  liver  numbers  of  the  cells  are  found 
granular  and  many  of  them  fatty  to  a high  degree;  any  malnutrition 
may  simulate  the  condition,  and  many  poorly  nourished  gland-cells, 
particularly  in  atrophic  processes,  show  the  change.  Bacteria  and  their 
products,  as  well  as  other  organic  poisons — the  latter  due  to  faulty 
metabolism  or  deficient  excretion,  or  to  combinations  of  both  processes 
— venoms,  are  also  causes.  An  examination  of  the  causes  just  given 
discloses  the  fact  that  all  are  essentially  toxic.  Halliburton  holds 
that  the  cell  changes  seen  in  high  temperatures  resemble  necroses  more 
than  degenerations;  their  toxic  origin  cannot  be  questioned. 

Morbid  Anatomy. — The  affected  organ  is  swollen,  cloudy  or  opaque  on 
the  surface,  appearing  cooked,  softer  than  normal,  and,  when  the  process 
is  uncomplicated,  there  is  evidence  of  anemia,  but,  as  commonly  seen, 
the  amount  of  blood  in  the  part  is  increased:  e.  g.,  the  cloudy  swelling 
seen  in  the  kidney  may  be  the  initial  stage  of  inflammation,  and  the 
organ,  under  such  circumstances,  is  usually  distinctly  hyperemic. 

Termination. — If  the  cause  be  withdrawn  early,  it  is  probable  that  re- 
covery of  the  cell  may  occur;  if  the  cause  continue  to  act,  fatty  degenera- 
tion ensues,  the  cells  are  destroyed,  and  new  cellular  elements  must  be 
produced  by  the  remaining  structures,  including  the  connective  tissues. 

Demonstration. — The  alterations  previously  described  in  the  gross 
organ  usually  enable  one  readily  to  recognize  the  condition.  Exami- 
nation of  fresh  cells  obtained  by  scraping  the  surface  of  the  tissue  in- 
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volved  may  offer  confirmatory  evidence,  to  be  considered  with  the  gross 
appearance.  Too  much  confidence,  however,  should  not  be  placed 
in  the  examination  of  detached  cells.  In  such  cells  the  granules  clear  up 
or  agminate  when  treated  with  a one  per  cent,  aqueous  solution  of  acetic 
acid.  They  are  not  soluble  in  alcohol,  ether,  chloroform,  or  other  agents 
that  dissolve  fat,  nor  are  they  blackened  by  osmic  acid.  Pieces  of  the 
organ  under  observation  should  be  fixed  in  an  osmic  acid  solution  (see 
Appendix),  infiltrated  with  celloidin  (paraffin  is  not  applicable),  and 
sectioned  in  the  usual  manner.  The  granules  are  not  blackened  by  this 
process.  Tissue  fixed  in  corrosive  sublimate  or  in  Zenker’s  fluid  (see 
Appendix),  sectioned,  and  stained  with  hematoxylin  and  eosin  commonly 
show  the  alterations  to  advantage.  The  intensity  with  which  the  gran- 
ules take  the  acid  anilin  dyes  is  always  notable,  and  the  chromatin  reactions 
to  basic  stains  are  always  less  intense  than  normal;  sometimes  nuclear 
staining  is  almost  absent. 


Fig.  i i 2. — Cloudy  Swelling  of 
the  Epithelial  Lining  of  the 
Kidney  Tubule.  ( Futterer .) 


Fig.  1 13. — Granular  Degenera-  Fig.  114.- — Cloudy  Swelling  of 
tion  of  a Muscle-fiber,  Last  the  Liver  Cells.  X 250  di- 
Stage,  Nearly  Fatty.  ( Sch - ameters.  ( Schmaus .) 

maus.) 


Fatty  Degeneration  or  Fatty  Metamorphosis1  is  probably  a later  stage 
of  the  preceding.  In  the  cells,  at  this  stage  of  the  process,  the  granular 
bodies,  before  noted,  are  replaced  by  minute  oil  drops;  when  the  change  is 
marked  the  nucleus  is  destroyed  and  cannot  be  made  to  reappear;  in  the 
late  stage  the  cell  is  shrunken  and  not  swollen ; its  outlines  are  apt  to  appear 
irregular,  or  evident  cell  dissolution  may  be  manifest.  The  oil  drops 
usually  are  smaller  and  do  not  run  together  as  in  fatty  infiltrations, 
although  this  difference  is  not  constant  nor  characteristic.  The  com- 
pound granule  cells  in  brain  softening  represent  a type  of  fatty  degener- 
ated cells  and  are  clearly  phagocytes.  The  cellular  debris  in  the  affected 
structures  is  usually  abundant. 

Causes. — The  causes  already  given  for  cloudy  swelling;  anemia;  some 
of  the  forms  of  necrosis  are  accompanied  by  fatty  degeneration:  e.  g., 
caseation.  Total  or  circumscribed  fatty  degeneration  usually  results 
from  embolism,  infection,  or  the  noxious  influence  of  bacterial  toxins  and 
allied  agents.  The  relation  of  anesthesia,  particularly  by  chloroform,  to 

1 Rosenfeld,  Berl.  klin.  Woch.,  1904,  Nos.  22  and  23;  Orgler,  Virchows  Arch., 
Bd.  clxxvi,  No.  3 ; Fischler,  Virchows  Arch.,  clxxiv,  2;  Waldvogel,  Virchows  Arch., 
1904,  Bd.  clxxvii;  Dietrich,  Munch,  med.  Woch.,  Aug.  23,  1904,  p.  1510;  Christian, 
Johns  Hopkins  Hosp.  Bull.,  Jan.,  1905,  p.  1;  Arnold,  Munch,  med.  Woch.,  Oct.  27, 
1903,  p.  1857;  Ribbert,  Deut.  med.  Woch.,  1903,  No.  44;  Dietrich,  Arbeit,  a.  d. 
Path'.  Inst.,  Tubingen,  1904,  Bd.  v,  H.  1;  Leick  and  Winckler,  Arch.  f.  exp.  Path.  u. 
Pharm.,  vol.  xlviii,  p.  163;  Saxl,  Beitr.  z.  Chem.  Physiol,  u.  Pathol.,  1907,  x,  9-12; 
Klotz,  Jour.  Med.  Research,  Jan.,  1909,  p.  27;  Hess  and  Saxl,  Virch.  Arch.,  Bd., 
ccii,  H.  1,  1910,  p.  148. 
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fatty  degeneration  is  not  fully  explained.  The  studies  of  Guthrie1  show 
that  prolonged  administration  of  chloroform  may  be  followed  by  fatty 
degeneration  of  the  organs,  particularly  the  liver. 

Morbid  Anatomy. — As  soon  as  the  removal  of  fat  by  absorption 
begins,  the  organ  diminishes  in  size,  becomes  soft,  almost  pultaceous,  oily 
to  the  touch,  and  greases  the  knife  with  which  it  is  cut.  The  affected 
part  is  paler  than  normal,  yellow  in  color,  markedly  anemic,  and  may  be  the 
seat  of  interstitial  or  parenchymatous  hemorrhage  due  to  the  degenerative 
processes  involving  the  capillaries.  The  color  of  the  organ  may  not  be 
uniform,  but  mottled,  as  a result  of  the  process  being  more  active,  or 
more  marked,  or  at  a later  stage  at  some  points.  The  color  is  also  in- 
fluenced by  the  amount  of  blood  in  the  tissue  and  by  the  presence  or 
absence  of  hemorrhage  or  of  associated  pigment.  The  partial  replacement 
of  protein  matter  by  fat  leads  to  a reduction  in  the  specific  gravity.  The 
parenchymatous  cells  manifest  the  alteration  earlier  and  in  a more  char- 


Fig.  115. — Kidney,  Early  Stage  of  Fatty  Degeneration  of  the  Epithelium  of  the  Convoluted 

Tubes;  from  a Case  of  Pernicious  Anemia. 

Osmic  acid  preparation.  Parts  of  three  convoluted  tubes  and  one  collecting  tube  are  shown.  The  epi- 
thelium of  two  of  the  convoluted  tubes,  near  the  center  of  the  drawing,  is  the  seat  of  advanced  granular 
and  less  marked  fatty  change.  The  protoplasm  is  granular  and  fragmenting  and  contains  droplets 
of  fat  that  have  been  blackened  by  the  osmic  acid. 


acteristic  manner  than  the  connective-tissue  elements,  which  may  escape. 
When  the  process  is  focal  and  marked,  and  in  Certain  tissues,  as,  for 
example,  the  central  nervous  system,  the  softening  may  go  on  to  complete 
liquefaction.  (See  Softening  of  the  Brain.)  Recent  studies  seem  to 
indicate  that  the  condition  ordinarily  called  fatty  degeneration  is,  in 
certain  locations,  a form  of  what  has  more  recently  been  designated 
autolysis.  Christian’s  study  of  the  presence  of  fat  in  the  resolving  crou- 
pous pneumonia  may  be  considered  as  corroborative  of  Flexner’s  views 
as  to  the  method  (autolysis)  by  which  this  disease  normally  undergoes 
resolution. 

Fatty  degeneration  affects  particularly  epithelial  surfaces,  glandular 
viscera,  muscles,  nerves,  and  blood-vessels;  occasionally  it  is  observed 


1 Lancet,  July  4,  1903,  p.  10. 
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in  the  brain,  and  there  constitutes  a variety  of  softening.  In  certain 
localities  the  process  is  apparently  physiologic:  for  example,  the  produc- 
tion of  fat  by  degeneration  of  the  central  cells  of  the  acini,  in  the  mam- 
mary  gland,  leading  to  the  formation  of  milk,  and  the  fatty  change  seen  in 
the  uterus  after  labor.  (See  Fatty  Degeneration  of  the  Heart,  Blood- 
vessels, Liver,  etc.,  Part  II.) 

Demonstration.1 — The  highly  refractive  oil  globules  can  usually  be 
recognized  under  the  microscope;  as  other  substance  may  possess  the  same, 
or  at  least  an  indistinguishable  morphology,  further  tests  are  necessary. 
In  resh  tissues  the  affected  cells  are  not  cleared  up  by  acetic  acid;  they 
are  blackened  by  osmic  acid;  the  black  or  brownish-black  granules  pro- 
duced by  treating  fat  with  osmic  acid  are  not  soluble  in  alcohol  during 
subsequent  dehydration,  but  may  undergo  partial  solution  during  the 
process  of  clearing  for  paraffin  infiltration,  and  particularly  when  sub- 


Fig.  ii6. — Heart,  Transverse  and  Oblique  Section  of  Muscle-fibers  showing  Fatty  Degeneration. 

Osmic  preparation,  from  case  of  pernicious  anemia. 

jected  to  the  action  of  fat  solvents,  such  as  chloroform,  turpentine,  xylol, 
etc.  For  demonstration  in  sections  fixation  in  alcohol  is  not  applicable. 
Tissues  should  be  fixed  in  one  of  the  osmic  acid  solutions  (see  Appendix), 
dehydrated,  infiltrated  with  celloidin,  and  sectioned.  The  fat  globules 
will  be  blackened  by  this  method.  Blocks  of  tissue  may  be  fixed  in 
Muller’s  solution  or  in  Orth’s  fluid  or  in  a ten  per  cent,  solution  of  formal- 
dehyde for  a week  or  ten  days.  The  tissue  is  then  transferred  to  Marchi’s 
fluid,  which  consists  of: 

Muller’s  fluid  2 parts. 

One  per  cent,  aqueous  solution  of  osmic  acid 1 part. 

1 Smith,  Jour.  Path,  and  Bact.,  Jan.,  1907,  p.  415;  Baldauf,  Trans.  Sect,  on 
Path,  and  Bact.,  Amer.  Med.  Assoc.,  1907;  Guerbet,  Mayer  and  Schaeffer,  C.  R. 
Soc.  Biol.  t.  lxviii,  Feb.  26,  1910;  Eisenberg,  Virch.  Arch.,  Bd.  cxcix,  H.  3,  1910, 
p.  502. 
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The  tissue  is  permitted  to  remain  in  this  solution  for  a week  or  ten  days. 
For  successful  treatment  the  blocks  of  tissue  should  be  very  small — not 
over  2 to  5 mm.  in  thickness.  Embedding  in  celloidin  is  permissible. 
After  cutting,  the  sections  are  cleared  in  cedar  oil  and  mounted  in  balsam 
without  staining.  The  fat  globules  are  colored  black  or  brownish-black. 
When  desired,  sections  may  be  stained  in  the  usual  manner,  permitting  an 
examination  of  the  nuclei  and  of  the  associated  structures  to  advantage 
(Figs.  1 15  and  116).  Paraffin  infiltration  does  not  yield  so  satisfactory 
or  trustworthy  results  as  celloidin,  as  the  preliminary  clearing  agents 
may  extract  a part  of  the  fat. 

Scharlach  R,  Sudan  III,  and  Fettponceau  are  stains  useful  for  the 
demonstration  of  fat  in  cells  or  in  tissue.  Sudan  III  is  commonly  em- 
ployed. A saturated  solution  of  the  dye  in  seventy  per  cent,  alcohol 
is  the  most  convenient  strength.  The  suspected  fluid  and  cells  are 
spread  upon  a cover-glass  and  fixed  in  formalin  vapor  for  five  or  ten 
minutes.  The  film  is  then  washed  in  water,  rapidly  rinsed  with  seventy 
per  cent,  alcohol,  and  flooded  with  the  alcoholic  solution  of  the  stain. 
After  ten  minutes  the  dye  is  quickly  washed  off  with  seventy  per  cent, 
alcohol  and  the  spread  dried  and  mounted  in  glycerin-jelly,  or  Farrant’s 
medium.1  Scrapings  from  the  incised  surfaces  of  organs,  or  small  frag- 
ments torn  to  pieces  by  needles,  may  be  treated  in  the  same  way.  For 
the  demonstration  of  fat  in  tissues,  sections  of  the  unfixed  specimen  may 
be  prepared  by  freezing  methods  (see  Appendix)  or  they  may  be  fixed  in 
formalin,  Orth’s  fluid,  or  Zenker’s  solution,  and  sectioned  with  a freezing 
microtome;  sections  are  stained  twelve  to  twenty-four  hours  in  hematox- 
ylin diluted  with  water,  followed  by  frequent  changes  of  water  until  the 
color  is  no  longer  extracted.  Sections  so  treated,  or  even  without  pre- 
liminary staining,  are  placed  in  the  alcoholic  solution  of  Sudan  III  for 
fifteen  to  twenty  minutes,  rapidly  washed  in  seventy  per  cent,  alcohol, 
transferred  to  water,  and  mounted  in  glycerin,  glycerin- jelly,  or  Far- 
rant’s medium.  For  the  demonstration  of  fat  in  tube  casts  the  urine 
should  be  sedimented  and  the  deposit  washed  in  several  changes  of  water. 
A drop  of  the  fluid  containing  the  casts  is  mixed  with  an  equal  volume  of 
seventy  per  cent,  alcohol  and  a drop  of  the  alcoholic  solution  of  the  stain 
added.  In  this  fluid,  examined  under  the  microscope,  the  fat  can  easily 
be  identified  within  the  epithelial  cells  or  casts.  Sudan  III  stains  the 
larger  droplets  a rather  deep  scarlet;  the  smaller  particles  are  golden 
yellow.  The  reaction  seems  to  be  quite  selective. 

Hydropic  degeneration,  or  hydropic  metamorphosis  (cellular  dropsy, 
cellular  vacuolization),  is  practically  an  intracellular  edema.  The 
affected  cells  are  very  much  larger  than  normal,  and  contain  many 
so-called  vacuoles,  usually  in  the  perinuclear  protoplasm,  although  the 
nucleus  may  be  involved.  The  evident  cell  damage  is  less  than  in  paren- 
chymatous degeneration,  but  may  be  most  marked  when  the  two  processes 
are  associated,  as  is  not  uncommonly  the  case. 

Causes. — In  many  instances  the  process  is  clearly  toxic.  Exactly  how 
poisons  induce  this  form  of  change  cannot  be  stated.  It  is  seen  partic- 
ularly in  edema,  inflammation,  infectious  processes,  and  degenerative  lesions 


1 Farrant’s  medium  consists  of  glycerin,  gum  arabic,  arsenious  acid,  and  water. 
It  is  difficult  to  prepare  and  had  best  be  purchased  from  a dealer  in  supplies.  In 
some  climates  it  forms  a satisfactory  medium  for  permanent  mounts. 
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in  general  when  affecting  the  large  ganglion  cells  of  the  central  nervous 
system. 

Hydropic  degeneration  is  frequently  observed  in  the  cells  of  epithelial 
surfaces,  particularly  the  mucous  membranes,  glandular  viscera  in  edema 
and  inflammation,  edema  of  the  muscular  tissues  in  which  many  fibers  are 
swollen  and,  on  transverse  section,  show  extensive  central  vacuolation. 
The  morbid  anatomy  is  practically  that  of  edema,  but  hydropic  degener- 
ation is  often  present  when  no  gross  alteration  is  manifest. 

Demonstration. — No  specific  method  has  as  yet  been  devised  for  the 
demonstration  of  this  process.  Rapid  and  powerful  fixatives  are  de- 
manded in  order  to  prevent  the  cell  from  emptying  itself  of  the  fluids 
before  fixation  is  completed.  Probably  the  best  results  are  obtained 
by  fixing  small  pieces  of  the  tissue  in  corrosive  sublimate  (see  Appendix), 
followed  by  hematoxylin  and  eosin  staining. 

Colloid  degeneration,  or  colloid  metamorphosis,  is  a process  by  which 
cellular  protoplasm  is  converted  into  a homogeneous,  gelatinous,  glue-like, 
structureless,  yellowish  or  brownish  substance  called  colloid.  The  exact 
cause  of  this  change  is  not  known ; it  occurs  in  connection  with  epithelial 
cells,  to  which'  it  is  practically  restricted.  Colloid  degeneration  is,  there- 
fore, a common  phenomenon  in  glandular  structures  where  exit  is  pre- 
vented by  occlusion  of  the  duct;  it  is  seen  in  the  kidney,  ovarian  cysts, 
goiter,  and  occasionally  in  neoplasms.  The  constancy  with  which  this 
substance  is  found  in  the  thyroid  gland  has  led  many  observers  to  believe 
that  it  is  a normal  constituent  of  that  organ,  and,  when  the  thyroid  is 
notably  enlarged  and  the  colloid  greatly  increased  in  amount,  the  condition 
is  spoken  of  as  colloid  goiter.  The  name  “colloid”  possesses  no  specific 
meaning;  it  is  applied  in  chemistry  to  a group  of  bodies  distinguishable 
from  crystalloids,  it  is  used  in  histology  and  pathology  for  a fairly  constant 
substance  found  in  the  thyroid,  and,  among  other  confusing  uses  of  the 
word,  for  bodies  identical  with  or  closely  resembling  any  of  the  foregoing. 
The  exact  chemic  nature  of  the  material  has  not  been  definitely  settled;  it 
is  not  precipitated  by  alcohol  or  acetic  acid,  it  is  not  readily  soluble  in 
water,  and  is  not  rendered  opaque  by  chromic  acid. 

Microscopically,  the  material  is  gelatinous,  stringy  or  ropy,  and  is 
usually  colorless,  but  may  be  slightly  bluish  or  yellow. 

Microscopically,  it  will  occasionally  be  observed  to  be  arranged  in 
concentric  masses.  It  does  not  stain  well  with  the  anilin  dyes,  but 
stains  with  carmin. 

Colloid  degeneration  of  muscle  has  been  described  by  Zenker,  and  is 
closely  allied  to  the  hyaline  degeneration,  which  he  describes  also.  Col- 
loid material  is  found  in  some  cancers,  particularly  in  those  of  the  ali- 
mentary canal,  and  in  cysts  possessing  an  epithelial  wall.  Colloid  trans- 
formation occurs  in  the  cerebral  vessels,  where,  according  to  Mallory,  it  is 
particularly  subject  to  subsequent  calcareous  change.  (For  demonstra- 
tion and  differentiation  from  amyloid,  mucoid,  and  hyaline  material  see 
paragraph  following  Hyaline  Degeneration.) 

Myxomatous  degeneration,  also  known  as  mucoid  degeneration  or 
myxomatous  metamorphosis.1  Myxomatous  material  is  normally  present 
in  Wharton’s  jelly  and  in  the  vitreous  humor.  The  process  terminates 
in  the  formation  of  a semifluid,  hyaline  body  containing  a varying  quan- 
tity of  mucin.  Further  study  of  mucin  has  led  to  the  recognition  of  the 

1 Chantemesse  and  Podwyssotsky,  Les  Processus  Generaux,  1901. 
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fact  that  what  was  originally  considered  to  be  a chemic  entity  is  now  found 
to  occur  under  a number  of  conditions  and  in  more  than  one  form.  In 
epithelial  structures  mucin  exists  in  mucus  elaborated  within  certain  of 
the  cells,  which  assume,  as  a result  of  the  accumulation  in  their  interior, 
a goblet  form,  and  hence  are  called  goblet  cells.  The  free  end  of  the  cell 
opens  and  the  accumulated  contents  flow  out,  the  cell  returns  to  its  normal 
shape  and  resumes  the  manufacture  of  mucus.  In  other  instances  the 
cell  is  actually  shed,  undergoes  dissolution,  and  liberates  the  elaborated 
product.  During  inflammatory  processes  in  epithelial  surfaces  the 
quantity  of  mucus  produced  is  notably  increased.  The  production  of 
mucoid  material  is  not,  however,  restricted  to  epithelial  tissue,  but  is 
intimately  associated  with  connective  tissues,  and  arises  from  the  trans- 
formation of  the  cell,  or,  more  frequently,  and  probably  more  truly,  of  the 
intercellular  substance  into  a jelly-like  material  containing  mucin. 
Chemically,  the  material  seems  to  be  made  up  of  complex  albuminous 
compounds  in  which  mucins  are  abundantly  present.  The  affected  area 
is  gelatinous  and  trembling,  almost  perfectly  clear,  and  colorless. 

In  myxedema  the  subcutaneous  and,  to  a certain  extent,  other  tissues 
are  the  seat  of  marked  swelling,  and  between  the  fibrils  is  intercalated 
a somewhat  hyaline,  almost  homogeneous  substance,  that  Ord  has  shown 
contains  a mucin.  Apparently  the  alteration  is  not  identical  with 
some  other  forms  of  myxomatous  degeneration,  but  the  resulting  prod- 
uct possesses  a number  of  the  characters  seen  in  tissues  affected  by 
mucoid  metamorphosis.  Myxedematous  tissues  are  solid,  do  not  pit 
on  pressure,  and  when  incised  yield  practically  no  serum.  The  vas- 
cularity is  greatly  reduced  and  the  nutrition  proportionately  altered. 
(See  Diseases  of  the  Thyroid  Gland.) 

Microscopically,  mucoid  material  is  quite  homogeneous,  and  not 
uncommonly  contains  large  multipolar  cells  with  long,  branching  fila- 
ments. These  form  a reticulum,  which  supports  the  gelatinous  material 
and  maintains  conformation  of  the  affected  structure;  it  is  not  arranged 
in  concentric  masses,  like  colloid.  Mucoid  material  is  precipitated  by 
alcohol  and  acetic  acid,  and  is  best  fixed  by  corrosive  sublimate.  It 
absorbs  considerable  water,  which  causes  it  to  swell,  but  does  not  undergo 
solution.  It  is  dissolved  by  neutral  salt  solutions  and  by  alkalies,  even 
in  comparatively  weak  solutions.  (For  further  remarks  on  demonstration 
see  paragraph  following  Hyalin  Degeneration.) 

As  before  indicated,  mucoid  degeneration  occurs  in  both  connective 
and  epithelial  tissues;  it  is  present  in  certain  connective-tissue  tumors, 
most  commonly  in  myxoma  and  lipoma,  occasionally  in  sarcoma  or 
chondroma,  and  rarely  in  carcinoma. 

Hyalin  degeneration,  also  known  as  vitreous  or  glassy  degenera- 
tion or  hyalin  metamorphosis.  The  exact  nature  of  the  material  pro- 
duced, and  the  method  by  which  it  is  elaborated,  have  not  been  worked 
out;  the  body  seems  closely  related  to  colloid  material,  but  is  firmer,  more 
fragile,  and  arises  in  a different  class  of  tissues;  the  most  common 
locations  are  the  lymphatic  glands  and  blood-vessels,  including  the  capil- 
laries, around  which  it  may  form  a distinct  mantle;  it  is  occasionally 
observed  just  outside  the  intima  of  the  blood-vessels  and  around  the 
capillaries,  thus  closely  resembling  amyloid  material.  It  does  not,  how- 
ever, give  the  amyloid  reaction.  Hyaline  material  is  occasionally  ob- 
served in  the  brain,  in  the  stroma  of  epithelial  tumors,  and  in  the  dendritic 
filaments  of  papilloma  of  the  bladder  and  other  mucous  surfaces.  The 
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degeneration  observed  in  the  muscles  in  typhoid  fever,  particularly  in 
the  abdominal  recti  and  the  muscles  of  the  upper  portion  of  the  thigh,  has 
been  variously  placed.  By  some  it  is  regarded  as  a special  degenerative 
change  restricted  to  muscle;  by  others  it  is  grouped  with  the  hyalin 
degenerations;  while  still  others  regard  the  change  as  a form  of  coagula- 
tion necrosis.  Wells1  believes  that  the  change  results  from  the  presence  of 
lactic  acid  developed  in  muscle.  Thoma2  attributes  it  to  injury  of  the 
sarcolemma  in  badly  nourished  muscles. 

Amyloid,  colloid,  mucoid,  and  hyalin  materials  are  closely  allied 
bodies.  Thoma,  von  Recklinghausen,  and  Graham  regard  them  as 
representing  but  different  stages  in  the  evolution  of  the  same  body. 
Lardacein  seems  to  possess  distinctive  reactions  entitling  it  to  be  con- 
sidered alone.  That  the  remaining  conditions  are  separable  by  methods 
at  present  at  our  disposal  seems  doubtful.  Differentiation  by  stain 
reaction — the  only  method  at  present  available — is  not  fully  charac- 
teristic or  always  satisfactory.  Hyalin  and  colloid  materials  seem 
to  select  acid  stains,  while  mucoid  is  commonly  best  stained  by  basic 
dyes.  Pianese  differentiates  these  materials  by  fixing  small  pieces 
of  tissue  (2  mm.  thick)  in  a mixture  composed  of  15  c.c.  of  a 1 per  cent, 
aqueous  solution  of  chlorid  of  platinum  and  sodium;  5 c.c.  of  a 0.25 
per  cent,  aqueous  solution  of  chromic  acid;  5 c.c.  of  a 2 per  cent,  aque- 
ous solution  of  osmic  acid;  and  one  drop  of  chemically  pure  formic 
acid.  After  thirty-six  hours’  fixation  the  tissues  are  washed  in  flowing 
water  and  transferred  to  eighty  per  cent,  alcohol.  Sections  are  stained 
for  half  an  hour  in  the  following  solution : 


Martius  yellow 0.01  gm. 

Acid  Fuchsin 0.1  gm. 

Malachite  green 0.5  gm. 

Distilled  water 150  c.c. 

Alcohol  (96  per  cent.) 50  c.c. 


After  staining,  wash  in  absolute  alcohol,  treat  with  xylol,  and  mount 
in  xylol  balsam.  By  this  method  mucin  is  stained  sky-blue;  hyaline, 
brick-red;  colloid,  bright  green. 

Corneous  degeneration,  keratoid  metamorphosis,  keratohyalin  de- 
generation, keratosis,  or  hyperkapatosis,  are  a few  of  the  many  names 
given  to  a condition  characterized  by  excessive  comification  of  epithe- 
lium. It  is  an  exaggeration  of  the  normal  process  by  which  the  epi- 
thelium of  the  Malpighian  layer  of  the  skin  is  transformed  into  the  corne- 
ous stratum.  The  chemic  product  resulting  from  this  change  is  called 
keratin .3  This  substance  is  insoluble  in  cold  or  boiling  water,  in  dilute 
acids,  and  in  alkaline  carbonates;  it  resists  digestion  and  putrefaction 
and  is  converted  into  alkaline  albuminates  and  hemialbumose  by  a con- 
centrated caustic  alkali.  When  stained  by  the  method  of  Gram  it  is  found 
to  contain  numerous  small  granules  (keratinic  granulations  of  Ernst) 
which  take  the  dye  intensely.  The  formation  of  keratohyaline  is  prac- 
tically always  most  advanced  in  epithelial  cells  farthest  from  the  source  of 
nutrition. 

Pathologic  keratinization  is  seen  particularly  in  ichthyosis,  kera- 

1 Jour.  Exper.  Med.,  Jan.,  1909. 

2 Virch.  Arch.,  Bd.  cc,  1910. 

3 Unna  and  Golodetz,  Monats.  f.  prakt.  Dermat.,  July  15,  1908. 
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tosis,  and  in  lingual,  buccal,  and  vaginal  psoriasis.  A large  part  of 
the  typical  cell  nests  of  squamous  epithelioma,  when  fully  developed, 
are  composed  of  keratinized  epithelial  cells.  The  epithelium  covering 
papillomata  and  the  hardened  superficial  layers  of  ordinary  corns  are  com- 
posed of  keratinized  epithelium.  Cutaneous  horns  usually  consist 
of  more  or  less  perfectly  laminated  epithelial  cells  that  have  undergone 
this  change.1 

1 For  fuller  description  of  the  process  see  Chantemesse  and  Podwyssotsky,  Les 
Processus  Generaux,  1901,  p.  154,  bibliography,  p.  207. 


CHAPTER  X. 


NECROSIS. 

Necrosis  is  the  local  death  of  a part,  as  distinguished  from  somatic 
death.  When  necrosis  of  any  structure  results  from  injury  applied 
directly  to  the  tissue,  it  is  known  as  direct  necrosis;  when  the  change  is 
dependent  upon  causes  applied  through  the  circulation,  innervation, 
or  degenerative  processes,  it  is  called  indirect  necrosis. 

Causes. — Anything  that  destroys  vitality,  e.  g.,  bums,  scalds,  and 
chemic  destruction  or  injury  sufficient  to  interfere  with  nutrition.  The 
influence  of  trauma  need  only  be  mentioned,  as  the  extensive  lacera- 
tion of  the  cells,  with  associated  disturbances  of  circulation,  both  hemic 
and  lymphatic,  makes  cellular  death  inevitable.  The  method  by  which 
poisons  produce  necroses  is  not  always  apparent.  Of  the  many  toxic 
substances  endowed  with  the  property  now  under  consideration,  certain 
of  them  are  inorganic,  such  as  mercury,  phosphorus,  copper,  arsenic,  etc. : 
others  are  organized  bodies,  which  may  be  further  subdivided  into  at  least 
three  groups:  (i)  Vegetable  poisons  (from  the  higher  forms  of  vegetable 
life  many  bodies  might  be  mentioned,  e.  g.,  oil  of  mustard,  abrin,  ricin, 
etc.),  bacteria,  and  bacterial  poisons,  such  as  the  toxin  of  the  Bacillus 
diphtherise;  (2)  poisons  belonging  to  the  animal  kingdom,  such  as  those 
elaborated  by  poisonous  reptiles;  (3)  certain  toxic  bodies  produced  by  the 
tissues  themselves.  As  an  example  of  the  noxious  influence  of  the  last 
group,  it  is  only  necessary  to  refer  to  the  extensive  hepatic  necroses  that 
occur  in  uremia,  and  in  that  particular  form  of  intoxication  known  as 
eclampsia.1  The  association  of  inflammation  with  necrosis  may  be  pri- 
mary or  secondary:  that  is  to  say,  necrotic  processes  may  give  rise  to,  or  be 
followed  by,  inflammation;  on  the  other  hand,  inflammation  is  always 
associated  with  a varying  degree  of  necrosis.  Obstruction  to  the  circula- 
tion— arrest  of  arterial  influx,  capillary  flow,  or  of  venous  exit — may 
cause  necrosis;  lymphatic  obstruction  may  have  practically  the  same 
effect;  capillary  stasis,  thrombosis,  or  rhexis  is  usually  followed  by 
necrosis  of  the  tissues  involved. 

As  nutrition  is,  in  part,  governed  by  the  trophic  nerves,  it  is  held 
that  certain  necrotic  changes,  result  from  lesions  of  these  nerves  or  the 
central  nervous  system  acting  through  them.  Such  necrotic  processes 
are  known  as  neuropathic  necroses. 

The  cause  of  any  given  necrotic  process  may  have  been  complex, 
more  than  one  element,  and  in  some  instances  many  factors,  entering 
into  its  formation.  In  the  weak  and  debilitated,  after  fevers,  in  malig- 
nant diseases,  and,  in  certain  instances,  following  profound  shock,  necrotic 
changes  are  induced  by  injuries  and  other  causes  that,  in  the  physically 
strong,  would  give  rise  to  but  little  or  even  no  important  tissue  alteration. 
As  examples  of  necrosis  arising  in  part  through  such  influences,  marasmic 
and  senile  necrosis  may  be  mentioned. 


1 See  page  38. 
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Results. — The  tissue  involved  may  undergo  regeneration  or  the 
nearest  approach  thereto,  repair;  absorption,  more  or  less  complete; 
retention  in  some  form  or  other;  or  it  may  be  discharged.  The 
possibility  of  associated  or  subsequent  inflammation  is  not  to  be  forgotten. 

Regeneration  and  Repair. — In  some  instances  the  necrosed  elements 
are  thrown  off  or  absorbed,  and  adjacent  cells  or  embryonic  constituents 
of  the  tissues  involved  may  produce  new  tissue  structurally  and  physio- 
logically identical  with  that  lost,  in  which  case  the  lost  structures  are 
said  to  be  regenerated.  More  frequently,  absorption  of  the  liquefied  ele- 
ments occurs,  and  repair  proceeds  to  the  formation  of  cicatricial  tissue, 
which  remains  as  a scar  occupying  the  area  of  the  original  lesion. 

Absorption  is  possible  only  when  liquefaction  can  be  complete  and 
when  bacteria  do  not  gain  access;  such  absorption  is  typified  in  bruises 
in  which  the  extruded  blood-cells  are,  in  time,  completely  removed. 
Liquefaction,  also  termed  fluidification,  is  accomplished  through  a process 
called  autolysis.1  The  autolytic  bodies  are  enzymes  derived  from  the 
tissues;  when  the  digesting  enzymes  are  produced  by  migrating  cells 
Jacobi  proposed  to  call  the  condition  heterolysis.  Opie  has  shown  that 
the  heterolytic  enzymes  are  derived  largely  from  migrating  leukocytes. 

Retention. — The  entire  mass  may  be  retained,  or  partial  absorption 
and  reparative  changes  may  leave  a part  only;  thus,  if  an  infarct  cut 
off  the  blood-supply  in  a branch  of  the  renal  artery,  the  area  involved — 
a part  of  a pyramid — dies;  after  certain  degenerative  and  autolytic 
processes,  leukocytes  and  fixed  connective-tissue  cells  encroach  from  the 
margin  and  convert  the  mass  into  embryonic  tissue,  from  which  granula- 
tion tissue  is  evolved  and  eventually  cicatricial  tissue  (organization). 
Only  a portion  of  the  involved  tissue  may  be  retained,  and  this  may  be 
much  altered:  e.  g.,  in  blood  cyst,  or  hematoma,  a fibrous  capsule  may  be 
formed  surrounding  the  escaped  blood.  Some  of  the  fluid  contents  may 
be  removed  by  the  absorbents,  and  the  remaining  solid  material,  derived 
from  the  clot  and  cellular  elements,  becomes  permanent,  or  degenerative 
changes  may  convert  the  mass  into  a cyst. 

Discharge. — The  necrotic  mass  may  be  thrown  off,  as  in  gangrene*,  or 
it  may  be  slowly  disintegrated,  as  in  suppuration,  ulceration,  and  caries. 

Forms  of  Necrosis. — Liquefaction  necrosis,  coagulation  necrosis,  fat 
necrosis,  cheesy  necrosis,  sphacelation  en  masse  or  gangrene. 

Liquefaction  or  colliquative  necrosis  results  from  infection,  particu- 
larly by  pyogenic  organisms,  and  is  induced  by  irritants  that  are  not 
sufficiently  active  to  produce  coagulation  necrosis.  It  differs  from 
coagulation  necrosis  in  the  absence  of  coagulation;  there  is  the  same  fluid 
infiltration  of  the  tissues,  but  coagulation  does  not  occur.  Pus  production 
represents  a type  of  liquefaction  necrosis,  in  that  enzymes  derived  from 
leukocytes  liquefy  the  intercellular  substance  retaining  the  cellular  ele- 
ments, and  thus  converting  the  area  involved  into  a fluid.  Liquefaction 
necrosis  sometimes  follows  coagulation  necrosis,  and  coagulation  of  previ- 
ously liquefied  areas  is  occasionally  observed.  It  has  been  shown  that 
tissues  normally  contain,  or  may  produce,  substances  possessing  the  power 
of  liquefying  structural  elements.  As  a result  of  such  liquefaction  (autol- 
ysis) absorption  is  rendered  possible. 

1 Burkhardt,  Arch.  f.  klin.  Chir.,  1904,  Bd.  lxxiv,  H.  1 ; Wells,  Trans.  Chicago 
Path.  Soc.,  Tune  11,  1906,  vol.  vi,  No.  12,  and  Jour.  Med.  Research,  July,  1906,  vol. 
xv,  No.  1;  Longcope,  Proceed.  Path.  Soc.  Phila.,  1907,  n.  s.  vol.  x. 
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Morbid  Anatomy. — The  gross  appearance  depends  largely  upon  the 
tissue  involved,  and,  to  a certain  extent,  upon  the  cause.  The  increased 
amount  of  fluid  in  the  part  may  make  it  softer  than  normal — indeed,  it 
may  fluctuate ; in  other  situations  the  associated  increased  tension  gives 
rise  to  apparent  induration,  which  disappears  on  incision  or  puncture 
permitting  the  escape  of  some  of  the  fluid.  In  the  absence  of  coloring- 
matters,  including  blood  pigment  or  its  derivatives,  the  color  is  lighter 
than  the  normal.  Concurrent  fatty  degeneration  leads  to  the  presence 
of  minute  oil  drops,  an  emulsion,  which  may  give  the  softened  area 
a greasy  appearance.  Histologically,  the  structural  elements  pass 
through  hydropic,  fatty,  and  other  degenerative  processes,  and,  finally 
may  no  longer  contain  a single  structurally  normal  constituent.  Ab- 
sorption, retention  in  part  or  as  a whole,  and  discharge  are  possible  ter- 
minations; repair,  more  or  less  complete,  occasionally  occurs,  but  regenera- 
tion is  extremely  rare,  if  even  possible. 


Fig.  i i 7.— Intercostal  Muscle,  Transverse  Section,  from  a Case  of  Epipneumonic  Pleurisy, 

showing  Area  of  Coagulation  Necrosis. 

Tissue  fixed  in  Zenker’s  fluid;  hematoxylin  and  eosin  stain.  A,  A.  Necrotic  area  in  some  portions  of  which 
the  shadowy  outlines  of  muscle-fibers  may  still  be  distinguished.  B.  A few  mononuclear  leukocytes, 
mostly  of  the  lymphoid  type,  aggregated  on  the  margin  of  the  necrotic  area.  C,  C.  Fragmenting 
vacuolated  fibers  (hydropic  degeneration) , of  which  several  can  be  seen  in  the  field. 

The  results  of  liquefaction  necrosis  are  seen  in  the  fluid  exudate  in 
burns,  vesicles,  etc.,  and  in  softening  of  the  central  nervous  system;  second- 
ary liquefaction  of  coagulated  exudates  occurs  in  croupous  pneumonia, 
blood-clots  and  thrombi. 

Coagulation  necrosis  occurs  as  a part  or  sequence  of  infection;  as  a 
result  of  embolism  or  capillary  plugging.  In  areas  of  interstitial  hemor- 
rhage and  in  blood-clots,  the  mass  undergoes  coagulation  necrosis.  Usually 
the  affected  tissues  are  matted  together  with  fibrin,  which  entangles 
whatever  cellular  elements  may  be  present;  occasionally  fibrin  is  absent 
or  not  demonstrable.  When  occurring  in  superficial  structures,  as  on  or 
in  the  mucosa  in  diphtheria,  the  fibrin  found  may  be  hyalin  or  homoge- 
neous, fibrillar,  or,  in  some  instances,  granular.  The  view  at  one  time  held 
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that  fibrin  of  the  blood  was  essential  to  the  process,  is  now  admitted 
to  be  incorrect,  as  lymph  containing  fibrin  bodies  may  induce  the  change. 
Zenker’s  degeneration  of  muscle  is,  by  some,  held  to  be  a form  of  coagula- 
tion necrosis.  As  examples  of  diseases  in  which  coagulation  necrosis 
occurs  may  be  mentioned  diphtheria,  tuberculosis,  typhoid  fever,  and 
allied  conditions.  It  does  not  seem  that  bacteria  at  the  point  of  necrosis 
are  necessary,  but  that  the  process  may  be  engendered  by  the  activity  of 
bacterial  products;  that  it  may  be  due  to  chemic  agents  circulating  in  the 
blood  is  shown  by  the  intravascular  injection  of  abrin  or  ricin,  which  is 
followed  by  coagulation  necrosis  in  different  organs.  After  the  tissues 
are  matted  together  by  fibrin,  fragmentation  of  the  nuclei  (karyolysis) 
and  niore  or  less  complete  dissolution  of  the  cells  occur.  In  active  inflam- 
matory processes,  or  in  the  tissues  immediately  adjacent,  coagulation 
necrosis  is  nearly  always  present.  It  not  uncommonly  precedes  caseation, 
and  may  be  present  in  the  neighborhood  of  caseous  areas. 

Morbid  Anatomy. — Early  in  the  process  the  tissues  become  very 
much  firmer  than  normal;  not  uncommonly  the  area  can  be  recognized 
by  palpation,  even  when  situated  some  distance  beneath  the  surface. 
Upon  incision  the  freshly  cut  surface  may  resemble  the  opaque,  glazed 
appearance  of  cloudy  swelling.  Later,  softening  not  uncommonly 
occurs,  which  may  progress  to  liquefaction.  In  the  absence  of  blood 
or  of  blood  coloring-matter  or  its  derivatives,  the  area  is  lighter  than 
normal.  Histologically,  the  cell  outlines  soon  disappear  and  the  normal 
microchemic  reactions  are  altered.  The  nuclei  at  first  stain  very  faintly 
with  the  basic  dyes,  but  later  not  at  all,  and  just  before  complete  dis- 
solution of  the  cell  its  entire  structure  may  select  acid  dyes  only.  Occa- 
sionally, however,  even  late  in  the  process,  fragments  of  nuclear  chroma- 
tin may  be  irregularly  disseminated  through  the  area,  and  may  be  seen  as 
irregular  granules  taking  basic  dyes  in  the  midst  of  a fine  granular  mass 
that  selects  acid  stains.  By  suitable  methods  the  presence  of  fibrin  can 
be  shown  at  some  stage  in  the  development  of  the  process. 

For  the  purpose  of  demonstrating  the  presence  of  this  body  Wei- 
gert’s  fibrin  stain  is  recommended.  Sections  of  alcohol-hardened  tis- 
sue are  fastened  to  the  slide  by  an  approved  method.  The  subsequent 
staining  is  conducted  as  follows: 

Anilin  gentian-violet  solution1  two  to  ten  minutes;  rinse  in  normal 
salt  solution,2  apply  solution  of  Lugol  (iodin,  4 parts;  iodid  of  potassium, 
6 parts;  water,  100  parts);  rinse  in  water;  blot  with  filter-paper;  dif- 
ferentiate in  a mixture  composed  of  anilin  2 parts,  xylol  1 part;  com- 
plete differentiation  in  xylol,  which  should  be  applied  and  removed  at 
least  three  times;  when  the  section  becomes  fully  cleared,  mount  in 
balsam.  Dehydration  and  differentiation  with  alcohol  are  not  permissible. 

Termination. — Discharge  may  occur  as  in  pseudomembranous  for- 
mation. (See  Pseudomembranous  Inflammation  of  Mucous  Membranes.) 
Other  possible  terminations  are  liquefaction,  absorption,  retention,  and 
suppuration.  More  or  less  absorption,  followed  by  repair,  is  not  infre- 
quent. As  in  liquefaction  necrosis,  regeneration  of  the  destroyed  tissue 
is  not  common.  On  the  surface  of  the  mucous  membranes,  however, 
the  destroyed  cellular  elements  are  frequently  regenerated. 

Coagulation  necrosis  is  possible  wherever  embolism  may  occur,  and 

1 For  Formula,  see  Appendix. 

2 Sodium  chlorid,  0.75  per  cent,  in  water. 
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in  all  forms  of  capillary  stasis;  it  involves  the  cells  of  epithelial  surfaces 
and  glands  made  up  largely  of  epithelium,  such  as  the  liver;  the  same  con- 
dition has  been  observed  in  the  connective  tissues,  muscles,  and  fat. 
Halliburton1  states  that  the  cell  change  seen  in  the  brain  substance  and 
thought  to  depend  upon  high  temperature  has  been  recognized  by  Mari- 
nesco  as  a form  of  coagulation  necrosis.  Anglade2 3 *  holds  that  in  all  cases 
cerebral  softening  is  a necrosis,  pure  and  simple;  it  may  primarily  be 
coagulative,  but  rapidly  proceeds  to  liquefaction. 

Fat  Necrosis.2 — Whether  this  deserves  a distinct  position  among 
the  necroses  is  not  fully  determined.  It  is  most  constantly  associated 


F g.  118. — Fat  Necrosis  Accompanying  Acute  Hemorrhagic  Pancreatitis. 

The  area  shown  in  the  illustration  is  from  just  beneath  the  investing  fibrous  tissue  of  the  pancreas.  A . 
Margin  of  area  of  hemorrhage.  B.  Fragmented  nuclei  in  area  of  necrosis.  Cy  C . Fat  cells  that  have 
escaped  destruction.  Many  other  unaffected  or  but  slightly  changed  fat  cells  are  present.  D.  Fat 
cell  in  which  the  necrosis  is  incomplete.  E,  E.  Areas  in  which  the  necrosis  is  practically  complete. 
F.  Part  of  peripancreatic  fibrous  tissue. 

with  hemorrhagic  pancreatitis,  in  which  condition  it  occurs  in  the  pan- 
creas, peripancreatic  fat,  and  in  the  fat  of  the  abdominal  wall.  It  has 
been  found  in  other  conditions,  and  with  no  discoverable  lesion  of  the  pan- 
creas. Areas  of  fat  necrosis  vary  in  size  from  1 to  2 mm.  to  5 cm.,  are  usually 
spheroid  or  ovoid  in  outline,  are  white,  yellowish-white,  or  gray,  and  re- 
semble superficially,  disseminated  neoplasms  or  tubercles.  Histologically 
the  oil  content  of  the  fat  cells  is  converted  into  a finely  granular  debris  which 

1 Lancet,  June  22,  1901. 

2 Soc.  de  Biol.,  March  4,  190s- 

3 Hess,  Munch,  med.  Woch.,  April  4,  iQ°5>  P-  644I  Levin,  Jour.  med.  Research, 

July,  1907,  p.  419;  Terroine,  Biochem.  Zcitsch.,  Bd.  xxiii,  1910. 
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no  longer  takes  osmic  acid;  nuclear  structures  in  the  affected  area  are  frag- 
mented. In  the  earlier  stages  leukocytes  are  absent,  and,  when  infection  does 
not  occur,  play  no  important  part  in  the  process.  In  time  the  necrotic  tissue 
may  be  infiltrated  by  lime  salts;  this  infiltration  is  further  explained  if  we 
accept  the  statement  of  Langerhans  that  the  necrotic  areas  consist  of  a com- 
bination of  the  fatty  acids  with  lime  salts.  Sometimes  areas  are  softened, 
but  later,  as  a result  of  the  calcific  matter  present,  they  become  gritty. 
The  presence  of  steapsin,  the  fat  ferment  of  the  pancreas,  has  led  to  the 
belief  that  this  body  is  the  essential  factor.  Some  hold  that  the  process 
depends  upon  bacteria  or  bacterial  products,  while  others  believe  that  it  is 
brought  about  by  trophic  influences.  Recent  clinical  and  experimental 
evidence  indicates  that  the  change  in  the  fat  is  due  to  the  activity  of 
pancreatic  ferments,  and  that  the  older  theories  should  be  discarded. 

Cheesy  necrosis,  or  caseation,  frequently  begins  as  a coagulation  or 
liquefaction  necrosis,  followed  by  a fatty  degeneration  of  the  cellular 
elements,  and  the  conversion  of  the  mass  into  a liquid  or  semifluid 
material  resembling  cheese.  In  some  cases  the  fluid  is  taken  up  by  the 
lymphatics,  giving  rise  to  dry  caseation,  such  as  is  seen  in  old  tuber- 
culous abscesses  in  which  the  substances  resulting  from  liquefaction 
necrosis  have  been  absorbed,  leaving  nothing  but  the  cellular  detritus. 
Caseation  is  not  always  accompanied  by  removal  of  fluids  and  retention 
of  solid  particles,  as  is  shown  by  the  fact  that  many  caseous  areas  undergo 
no  diminution  in  size  at  any  period  in  their  evolution.  This  is  partly 
explained  by  the  occurrence  of  cell  migration  into  the  necrotic  area,  the 
newly  arriving  cells  undergoing  necrosis  and  their  solid  constituents  remain- 
ing. The  entrance  of  cells  and  fluids,  as  well  as  the  absorption  of  the 
latter,  accounts  for  the  nodules  retaining  approximately  their  original 
size.  In  addition  to  the  detritus,  arising  from  disintegration  of  the  nor- 
mal elements  present,  and  the  necrotic  cells,  caseous  nodules  may  con- 
tain bacteria.  The  organism  most  frequently  present  is  the  tubercle 
bacillus,  which  may  be  at  times  demonstrated  in  caseous  nodules  that  are 
evidently  old.  Recently  formed  caseous  areas  are  not  uncommonly 
surrounded  by  a zone  of  inflammation.  Older  nodules  may,  from  causes 
not  well  understood,  show  recrudescence  of  the  original  process.  Schmoll1 
has  shown  that  caseous  products  of  tuberculosis  consist  chiefly  of  coagu- 
lated protein  the  elementary  composition  of  which  resembles  albumin,  and 
like  which  it  may  be  converted  into  albumoses  and  peptone. 

Once  the  caseous  mass  is  thoroughly  encapsulated,  it  becomes  per- 
manent; the  capsule  frequently  calcifies,  and  lime  salts  may  be  infiltrated 
into  the  cheesy  material,  converting  it  into  a stone-like  structure.  The 
condition  cannot  be  properly  said  to  be  a cure,  but  only  a quiescent  stage, 
likely  at  any  time  to  be  followed  by  recrudescence  of  the  original  exciting 
cause. 

Causes. — The  process  arises  almost  exclusively  in  connection  with 
tuberculosis,  but  is  occasionally  seen  in  other  chronic  infections;  in 
some  instances  small  nontuberculous  abscesses  may  caseate.  Caseation 
is  sometimes  seen  in  serous  cavi  ies;  e.  g.,  pericardium  or  pleura.  Rarely, 
the  retention  of  mucoid  materials,  as  in  the  Fallopian  tubes,  may  be 
followed  by  inspissation  and  caseation. 

Sphacelation  en  masse,  or  Gangrene. — This  process  is  also  known 
as  mortification.  A surgical  term,  necrosis,  is  applied  to  death  of  bone 

1 Deut.  Arch.  f.  klin.  Med.,  1905,  lxxxi,  p.  163. 
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en  masse.  Gangrene  or  mortification  is  the  death  of  any  tissue,  fol- 
lowed by  putre  action,  while  attached  to  the  living  body. 

Varieties. — (a)  Moist  gangrene,  which  is  further  divided  into  (1) 
circumscribed  and  (2)  spreading;  (6)  dry  gangrene;  ( c ) hospital  gangrene. 

(a)  Moist  gangrene  may  arise  from  disturbance  of  the  blood-supply 
■ — arrest  of  arterial  influx,  capillary  flow,  or  venous  exit.  Gangrene 
may  result  from  edema;  when  due  to  injury,  it  is  known  as  traumatic 
gangrene;  when  caused  by  inflammation,  it  is  called  inflammatory  gangrene. 
Inflammatory  processes  may  arrest  capillary  circulation  and  be  followed 
by  coagulation  necrosis  and  gangrene.  Arrest  of  the  circulation  may 

a 


Fig.  1 19. — Confluence  of  Two  Tubercles.  Section  of  Lung. 

Hardened  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and  mounted 
in  balsam.  The  mass  has  originated  in  the  vesicular  wall,  parts  of  which  can  be  seen  at  a,  a,  a,  running 
off  to  surround  adjacent  air  vesicles;  b and  c have  been  two  distinct  tubercles,  which  are  now  beginning 
to  show  caseation.  Around  the  caseous  area  is  a zone  of  lymphoid  cells  in  which,  at  d,  is  a solitary 
giant  cell.  Such  eccentrically  placed  giant  cells  are  not  infrequent.  The  vesicular  walls,  which 
leave  the  tubercle  mass  at  a,  a,  a,  show  considerable  thickening  (J-inch  objective,  -i-inch  ocular). 

result  from  occlusion  of  the  artery  by  an  embolus  or  thrombus,  or  a 
similar  obstruction  of  a vein.  Continuous  pressure  upon  an  area  by 
progressively  lessening  the  blood-supply  leads  to  softening,  and  is  followed 
by  infection  giving  rise  to  gangrene.  Destruction  of  tissue  vitality  by 
injury,  whether  traumatic,  chemic,  or  thermic,  leads  to  gangrene  if  putre- 
faction occur.  Eichhorst1  has  been  able  to  collect  166  cases  of  gangrene 
associated  with  or  following  infectious  disease.  In  65  cases  examined  at 

1 Deut.  Arch.  f.  klin.  Med.,  Bd.  lxx,  H.  5 and  6;  see  also  Keen,  Surgical  Com- 
plicate and  Sequelae  of  Typhoid  Fever,  1898;  Edwards,  Archives  of  Pediatrics, 
Aug.,  1903;  Ricketts,  Cincinnati  Lancet-Clinic,  Dec.  5,1003;  Auche  and  Laterrille, 
Jour,  de  Med.  de  Bordeaux,  May  8,  1904;  Ley,  Revue  Francaise  de  Med.  et  de 
Chir.,  Oct.  10,  1904;  Rooth,  Brit.  Med.  Jour.,  Jan.  24,  1903,  p.  197. 
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autopsy  thrombosed  arterial  trunks  were  found.  Ricketts  collated  134 
cases  of  gangrene  in  typhoid  fever;  varicella  gangrsenosa  also  belongs  with 
this  group.  The  gangrene  occurring  in  infectious  diseases  commonly 
involves  a number  of  areas  ( multiple  gangrene ) and  sometimes  affects  the 
same  parts  on  the  two  sides  of  the  body  ( symmetric  gangrene).  Thayer’s 
studies  of  arteritis  accompanying  infectious  diseases,  particularly  typhoid, 
clearly  indicate  the  character  of  the  lesion  (thromboarteritis  or  throm- 
bophlebitis) upon  which  the  gangrene  depends. 

Chronic  thrombosing  or  obliterative  endarteritis1  sometimes  termi- 
nates in  gangrene.  The  condition  is  occasionally  seen  in  the  young, 
and  differs  in  a number  of  respects  from  arteriosclerotic  gangrene  occur- 
ring later  in  life  (see  Arteriosclerosis).  Gangrene  produced  by  obliterative 
endarteritis  involves  particularly  the  extremities;  in  the  case  reported  by 
Morgan  all  the  limbs  were  affected  and  one  hand  and  both  legs  were 
amputated. 

Gangrene  in  all  its  forms  represents  death  of  the  tissue  involved, 
plus  infection.  In  the  absence  of  infection  mummification,  or  drying 
without  putrefaction,  occurs.  Such  a condition  is  rarely,  if  ever  seen, 
certainty  not  in  masses  of  any  considerable  size.  The  odor  of  dry  gan- 
grene is  significant  of  the  presence  of  bacteria.  In  spreading  gangrene  a 
violent  infection  occurs,  extending  by  the  lymphatics,  and  with  such 
rapidity  as  to  preclude  arrest  by  the  resources  of  the  tissues  involved.  In 
circumscribed  gangrene  the  process  is  limited  by  the  protective  influence 
of  the  body  juices  and  cells  and  extends  no  farther  than  the  line  of  de- 
marcation described  below;  in  spreading  gangrene  no  line  of  demarcation 
is  formed.  The  infectious  processes  associated  with  gangrene  are  not 
fully  understood.  There  is,  however,  a form  of  spreading  gangrene — 
malignant  edema,  due  to  a bacillus — that  has  been  thoroughly  studied. 
See  Malignant  Edema,  p.  107.) 

Noma,2  or  cancrum  oris,  is  a gangrenous  process  that  attacks  the 
mucosa  of  the  mouth,  lips,  and  adjacent  structures.  (See  Diseases  of 
the  Alimentary  Canal,  Part  II.)  A similar  if  not  identical  lesion  has 
been  observed  in  the  external  genitals,  particularly  in  the  female.  The 
affection  sometimes  manifests  an  epidemic  tendency,  especially  where 
large  numbers  of  children  are  congregated.  Blumer  and  MacFarlane 
report  an  epidemic  of  16  cases.  Of  the  133  cases  collated  by  Krahn,  55 
followed  measles.  The  disease  is  practically  restricted  to  childhood,  but 
occasionally  is  seen  in  debilitated  adults,  particularty  consumptives,  and 
those  recovering  from  infectious  diseases  such  as  typhoid.  Attempts 
to  establish  a specific  microbe  for  the  disease  have  been  unproductive. 
Clearly  the  affection  is  polymicrobic  in  a large  percentage  of  cases,  and  in 
those  instances  in  which  but  a single  microbe  has  been  found  the  same 
bacterium  is  not  always  present.  In  Blumer  and  MacFarlane’s  cases  and  in 
the  instances  studied  by  Perthes,  von  Ranke,  and  a few  others  a lepto- 
thrix  was  apparently  the  cause.  In  other  cases  the  diphtheria  bacillus, 
staphylococci,  streptococci,  and  various  rod-shaped  and  spiral  organisms 
have  been  found.  In  a number  of  these  cases  the  diphtheria  bacillus  has 
been  the  only  organism  isolated.  The  bacillus  described  by  Lingard  is 

1 Buerger,  Trans.  Assoc.  Amer.  Phys.,  vol.  xxiii,  1908,  p.  200. 

2 Herman,  Arch,  of  Pediatrics,  Nov.,  1905;  White  and  Blackwood,  Proc.  Path. 
Soc.  Phila.,  n.  s.  vol.  xi,  1908;  Crandon,  Place  and  Brown,  Boston  Med.  and  Surg. 
Jour.,  1909,  clx,  p.  473;  Arima  and  Ishii,  Centralbl.  f.  allg.  Path.,  Bd.  xx,  No.  14, 
1909,  p.  625. 
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present  in  a small  percentage  of  cases  and  in  many  instances  the  symbiotic 
organisms  of  Vincent  (see  p.  156)  seem  to  have  been  the  cause.  Noma 
is  fatal  in  from  fifty  to  seventy  per  cent,  of  those  affected. 

Raynaud’s  disease,1  or  digitu  mortui,  is  a form  of  gangrene  due  to 
arteriovascular  spasm.  Raynaud,  who  first  described  the  condition, 
called  it  gangrene  in  the  young,  thereby  distinguishing  it  from  the  senile 
and  diabetic  gangrenes  occurring  later  in  life;  it  is  not  restricted  to  youth. 
The  necrosis  is  frequently  multiple  and  symmetric,  affecting  particularly 
the  fingers,  ears,  and  nose;  it  sometimes  occurs  in  the  skin  of  the  trunk 
and  extremities.  Osier  and  others  have  reported  cases  showing  that  a 
similar  vascular  spasm  may  occur  in  the  viscera,  although  in  this  location 
it  probably  never  goes  on  to  gangrene.  In  practically  all  cases  studied, 
changes  have  been  found  in  the  nerves  or  vessels,  or  both.  The  condition 
may  be  associated  with  acroparesthesia,  erythromelalgia,  sclerodactylia, 
and  other  angioneurotic  disturbances. 

Morbid  Anatomy  of  Gangrene. — The  tissues  involved  become  soft  and 
pulp-like,  with  liquefaction  of  the  fat  and  cel  ular  elements;  as  this 
proceeds  blebs  form  upon  the  surface  and  discoloration  occurs — red- 
dish-purple, then  black,  with  varying  shades  of  green.  Putrefactive 
bacteria  gain  ingress  inducing  the  chemic  phenomena  of  putrefaction. 
Gases  may  be  produced,  and  these,  infiltrating  the  gangrenous  tissue, 
give  rise  to  gangrenous  emphysema  or  gaseous  gangrene.2  Some  cases  of 
gangrene  manifest  gas  production  from  the  beginning,  and  in  others  the 
phenomenon  appears  late;  in  many  instances  gas  production  does  not 
occur,  and  the  interstitial  evolution  of  gas  is  practically  never  present  in 
the  so-called  dry  gangrene.  The  blood-cells  fragment  (hemolysis)  and 
discolor  the  fluids,  which  may  be  extruded  through  the  skin.  The  gases 
of  putrefaction  give  rise  to  the  horribly  fetid  odor  at  times  present.  Where 
the  gangrenous  mass  joins  the  living  tissue,  a line  of  demarcation 
occurs;  this  line  represents  the  point  at  which  the  tissue  is  viable,  and 
where  tissue  death  and  the  processes  of  infection  are  arrested,  although 
some  of  the  chemic  agents  elaborated  below  this  point  may  be  absorbed. 
At  this  line  of  demarcation  embryonic  tissue,  followed  by  granulation 
tissue,  develops;  these,  progressing  from  the  surface,  separate  the  dead 
from  the  living  tissues;  in  the  soft  parts  this  separation  advances  with  con- 
siderable rapidity,  while  in  bone  the  progress  is  much  slower.  In  the 
dead  tissue  putrefaction  proceeds  exactly  as  it  would  if  the  tissue  were 
separate  from  the  body;  advanced  autolytic  and  liquefactive  changes 
occur  in  the  cells,  which  eventually  liquefy.  The  gases  produced  are  com- 
pounds of  hydrogen,  sulphur,  ammonium,  etc. 

During  the  destructive  metabolism  of  tissue,  induced  and  carried 
on  by  bacteria,  in  addition  to  the  products  already  mentioned  are  certain 
chemic  bodies  always  the  essential  result  of  microbic  growth — ptomains. 
These,  for  the  most  part,  are  highly  diffusible,  and  are  rapidly  absorbed 
by  the  living  tissues,  and,  entering  the  circulation,  give  rise  to  the  systemic 

1 Sommelet,  These  de  Paris,  1905;  Fox,  Med.  Review  of  Reviews,  May,  1907; 
Sachs,  Amer.  Jour.  Med.  Sci.,  Oct.,  1908;  Friedman,  Amer.  Jour.  Med.  Sci., 
Feb.,  1910. 

2 Legros,  Recherches  Bact.  s.  1.  Gangrenes  Gazeues  Aigues,  Paris,  1902;  Dan- 
sauer,  Munch,  med.  Woch.,  Sept.  8,  1903;  Rist,  Anaerobies  Pathogenes  et  Suppura- 
tions Gangreneuses,  Bulletin  de  l’lnst.  Pasteur,  Jan.  15,  1905,  p.  1;  Sappington, 
N.  Y.  Med.  Jour.,  April  2,  1904,  p.  641;  Kamen,  Centralbl.  f.  Bakt.,  Feb.  18,  1904, 
Bd.  xxxv,  No.  5,  p.  554;  Dudgeon  and  Sargent,  Path.  Soc.,  London,  Jan.  19,  1904. 
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symptoms  of  gangrene.  It  is  possible  to  understand  how  the  intensity 
of  the  symptoms  depends  upon  the  amount  of  poison  generated  in  the 
gangrenous  focus,  the  rapidity  of  its  absorption,  and  the  resistance  of  the 
patient. 

In  spreading  gangrene  the  infection  promises  to  be  rapidly  fatal  by 
its  quick  spread  and  the  extreme  activity  of  the  toxic  substances  pro- 
duced and  absorbed;  hence,  the  surgeon  lays  great  stress  upon  the  neces- 
sity of  immediate  removal  of  the  structures  in  which  infection  is  advanc- 
ing. The  urgency  of  the  case  is  augmented  by  the  fact  that  no  line  of 
demarcation  occurs.  In  circumscribed  gangrene  the  bacteria  present 
may  not  be  able  to  invade  the  adjacent  normal  tissues  possessing  their 
usual  degree  of  resistance.  In  spreading  gangrene,  however,  the  evidence 
would  seem  to  indicate  that  the  tissue  resistance  must  be  reduced  or  that 
the  bacteria  possess  the  power  of  infiltrating  and  destroying  tissue  not 
previously  injured.  By  some,  spreading  gangrene  is  believed  to  be  an 
infection  of  the  lymph-spaces,  along  which  the  bacteria  travel,  elaborating 
their  poisons,  which,  in  turn,  destroy  the  adjacent  tissue. 

(6)  Dry  gangrene  differs  from  the  preceding  in  that  the  less  juicy 
nature  of  the  tissues  involved  resists  infection  and  the  dead  structures 
manifest  a marked  tendency  to  mummification.  It  commonly  results 
from  atheroma  or  obliterative  changes  in  the  blood-vessels  supplying  the 
part.  The  skin  being  unbroken,  there  is  little  tendency  toward  infection 
and  consequent  putrefaction.  It  is  associated  occasionally  with  diabetes 
and  other  adynamic  states  in  elderly  people  having  the  vascular  lesions 
already  noted.  It  is  spoken  of  as  senile  gangrene  and  as  diabetic  gangrene 
under  the  conditions  just  named. 

(c)  Hospital  gangrene  is  now  a historic  disease,  modem  antisepsis 
having  led  to  its  disappearance.  It  probably  represented  an  infection, 
of  extreme  virulence,  the  exact  nature  of  which  may  be  only  surmised 
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CIRCULATORY  DISTURBANCES. 

Anemia. — The  term  anemia  is  used  to  designate  certain  morphological 
and  chemical  changes  in  the  blood  by  which  its  functional  activity  is 
lessened;  but,  as  here  considered,  reference  is  made  to  local  anemia  depen- 
dent upon  changes  influencing  the  circulatory  apparatus,  and  not,  essen- 
tially, upon  alterations  in  the  blood  itself;  it  is,  therefore,  an  ischemia, 
a reduction  in  the  quantity  of  blood  circulating  in  the  structures  affected. 

Causes. — Faulty  distribution  of  the  blood,  as  in  shock,  when  the 
blood  tends  to  accumulate  in  the  larger  veins,  particularly  the  splanchnic 
veins.  A very  much  weakened  circulation,  whether  due  to  shock,  disease, 
or  the  influence  of  poisons,  may  be  too  feeble  to  force  the  blood  through 
the  capillary  system,  particularly  in  the  skin  and  brain;  hence,  cerebral 
anemia  and  cutaneous  anemia  may  arise.  Diseases  of  the  blood-vessels, 
such  as  atheroma;  obliterating  inflammation  of  an  artery  leads  to  lessened 
blood-supply  in  the  distribution  of  the  affected  vessel.  Pressure.  Occlu- 
sion of  an  artery,  whether  complete  or  partial,  as  by  ligature,  pressure  of  a 
tumor,  thrombosis,  or  embolism.  Spasm  of  the  blood-vessel,  due  to  con- 
traction of  its  muscle-fibers,  either  dependent  upon  or  independent  of  the 
innervation.  An  abnormal  perivascular  pressure  in  the  area  involved 
may  lessen  the  possible  ingress  of  blood.  This  increased  perivascular 
pressure  may  arise  in  a number  of  ways.  Organizing  cicatricial  tissue 
may,  by  its  contraction,  so  increase  the  pressure  normally  exerted  upon 
the  capillaries  that  the  blood  flow  is  greatly  diminished  or  even  obliterated 
in  some,  if  not  all,  of  the  capillaries  of  the  area  involved. 

Morbid  Anatomy. — The  area  is  pale  and  bloodless,  and  the  tempera- 
ture is  likely  to  be  lower  than  normal,  or,  when  the  general  body-tempera- 
ture is  above  the  normal,  the  anemic  area  manifests  a less  marked  eleva- 
tion ; there  may  be  some  edema,  and,  as  will  be  seen  later,  the  stagnation  of 
regurgitation  or  overfilling  from  contiguous  vascular  fields  may  follow  the 
anemia. 

Effect d — If  ischemia  be  temporary,  there  is  but  slight  interference 
with  function;  if  the  process  be  slowly  developed,  a gradual  lessening 
of  function  occurs,  and  the  area  may  undergo  degenerative,  necrotic, 
or  atrophic  changes;  the  same  result  may  follow  a slight  anemia  that 
persists.  If  the  local  anemia  be  suddenly  developed  and  the  blood- 
supply  is  insufficient  to  maintain  nutrition,  death  of  the  part  may  ensue; 
such  a condition  sometimes  follows  ligation  of  the  main  artery  of  a limb. 
Local  anemia  lessens  the  functional  activity  of  the  tissues  involved  and 
diminishes  their  reparative  power  and  resistance  to  infection.  If  the  flow 
be  greatly  reduced  or  abolished,  even  for  a short  time,  degenerative 

1 Dawbarn,  Jour.  Amer.  Med.  Assoc.,  Sept.  17,  1904;  Gowers,  Lancet,  March 
2,  1907;  Pike,  Guthrie  and  Stewart,  Jour.  Exper.  Med.,  July  8,  1908,  p.  490; 
Gomez  and  Pike,  Jour.  Exper.  Med.,  March  1,  1909,  p.  257;  Crile,  Amer.  Jour. 
Med.  Sci.,  April,  1909;  Guthrie,  Arch.  Intern.  Med.,  March,  1910,  p.  232. 
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changes  take  place  in  the  capillary  walls  which  increase  the  permeability 
of  these  structures  and  favor  the  formation  of  exudates,  and  sometimes 
capillary  hemorrhages,  upon  the  re-entrance  of  blood  or  the  re-establish- 
ment of  the  circulation,  or  after  the  occurrence  of  satisfactory  collateral 
anastomosis.  Vascular  spasm,  lessening  the  blood-supply  to  an  area, 
is  usually  associated  with  pain  which  is  most  marked  at  the  point  of 
vessel  constriction;  at  the  same  time  there  occurs  more  or  less  muscle 
spasm,  rendering  voluntary  movements  of  the  affected  part  difficult  and 
often  painful.  The  pain  of  angina  pectoris,  due  to  coronary  artery  dis- 
ease, the  abdominal  pains  of  arteriosclerosis,  and  the  lancinating  pains  due 
to  sclerotic  vessels  in  the  lower  extremities  appear  to  be  of  ischemic 
origin.  Vascular  spasms,  when  involving  the  leg,  and  attended  by 
muscular  cramps,  has  been  called  intermittent  laming  or  intermittent 
claudication.1 

Crile  and  many  others  have  shown  that  in  animals  parts  of  the  central 
nervous  system  are  especially  susceptible  to  relatively  short  periods  of 
complete  ischemia  and  that  suspended  animation  due  to  cerebral  anemia, 
even  of  brief  duration,  threatens  the  integrity  of  brain  cells;  the  time  limit 
of  safety  does  not  exceed  five  minutes  and  after  seven  or  eight  minutes 
permanent  lesions  almost  invariably  result.  Gomez  and  Pike  state  that 
the  susceptibility  of  different  animals  varies  and  that  in  the  same  animal 
all  brain  cells  are  not  equally  vulnerable.  The  small  pyramidal  cells  are 
most  susceptible,  the  cells  of  the  medulla  are  fairly  resistant.  The  af- 
fected cells  manifest  chromatolysis,  greatly  lessened  tingibility,  tigrolysis, 
and  other  cytolytic  changes. 

If  the  arrest  of  the  blood-supply  occur  in  an  artery  supplied  by  a 
branch  that  communicates  indirectly  with  the  area  involved,  and  the  cir- 
culation be  turned  through  the  branch  to  supply  nourishment  in  the  indi- 
rect route  indicated,  such  a process  is  spoken  of  as  collateral  anastomosis. 
With  the  occlusion  of  an  artery  the  blood-pressure  beyond  the  obstruc- 
tion gradually  lessens  until  a point  is  reached  when  it  is  less  than  the 
pressure  in  the  veins.  Backward  distention  may  now  occur,  so  that  an 
area  which  at  one  time  showed  marked  ischemia  later  becomes  distended 
by  venous  blood.  This  constitutes  the  stagnation  of  regurgitation,  and 
frequently  terminates  in  infarction.  (See  Embolism.) 

Ischemia  is  sometimes  said  to  be  collateral  or  compensatory  when 
it  results  from  the  accumulation  of  blood  elsewhere. 

Hyperemia  (“ Active  Hyperemia ” or  “ Active  Congestion”  of  some 
authors). — This  condition  depends  upon  an  increased  arterial  influx, 
a distention  of  the  capillaries  by  arterial  blood,  and  hence  is  called  arterial 
hyperemia , in  contradistinction  to  a condition,  to  be  considered  later, 
in  which  the  blood  present  is  physiologically  venous. 

Causes. — Physiologic,  as  the  hyperemia  of  the  mucous  membranes 
during  digestion  or  of  the  uterine  mucosa  during  menstruation.  In 
inflammation,  hyperemia  constitutes  the  first  stage,  and  usually  per- 
sists during  the  activity  of  the  processes.  Increased  arterial  pressure  or 
tension;  ordinarily,  it  is  probable  that  the  greater  quantity  of  the  blood 
is  in  the  venous  system,  but  when  there  is  increased  cardiac  activity,  the 
arterial  and  arteriocapillary  systems  become  surcharged ; examples  of  this 
are  seen  in  the  flushed  face  of  active  exercise  and  in  the  apoplexy  that  fol- 

1 Kohler,  Centralbl.  f.  d.  Grenzge.  d.  Med.  u.  Chir.,  Sept.  25,  1909;  Fischer, 

Munch.  Med.  Woch.,  Sept.  27,  1910,  p.  2041. 
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lows  violent  exertion.  Neuroparalytic,  when  the  stimulus  to  the  vasocon- 
strictors is  withdrawn.  Neurotonic,  when  there  is  hyperactivity  of  the 
vasodilators.  Local  anemia  is,  at  times,  quickly  followed  by  a more  or  less 
marked  arterial  hyperemia.  Thus,  prolonged  pressure  not  uncommonly 
produces  active  hyperemia  in  the  affected  area.  A similar  hyperemia  is 
seen  to  follow  the  removal  of  Esmarch’s  bandage,  applied  for  the  purpose 
of  preventing  hemorrhage  during  the  progress  of  operations.  The  local 
anemia  produced  by  cold  is  frequently  followed  by  an  arterial  hyperemia. 
A sudden  stroke  applied  to  the  skin  is  quickly  succeeded  by  a local  hyper- 
emia, probably  depending  upon  a temporary  paralysis  of  the  vaso- 
constrictors. Certain  chemic  bodies  also  induce  hyperemia:  e.  g.,  mus- 
tard, chloroform,  cantharides,  etc.  These  probably  act  by  inducing 
inflammation,  in  other  words,  as  irritants,  and  the  result  should 
therefore  be  considered  manifestations  of  inflammatory  hyperemia. 
Hyperemia  is  said  to  be  compensatory  and  collateral  when  the  blood  is 
forced  into  one  area  by  reason  of  its  inability  to  enter  another,  or  as  the 
result  of  anemia  elsewhere;  such  a condition  is  observed  in  the  increased 
amount  of  blood  sent  to  one  lung  when  the  other  is  solid  or  compressed. 

Morbid  Anatomy. — During  life,  redness,  increased  cellular  activity, 
and  usually  a slightly  elevated  temperature  are  manifest;  swelling,  dis- 
comfort, and,  perhaps,  pain  may  accompany  the  condition;  if  the  process 
is  physiologic,  the  functional  activity  is  usually  increased;  the  changes 
in  pathologic  hyperemia  depend  upon  the  nature  of  the  cause  more  than 
on  the  vascular  distention.  Persistent  physiologic  hyperemia  may  lead  to 
hypertrophy;  similar  pathologic  hyperemia  may  cause  some  of  the  degen- 
erative processes  already  described.  As  the  result  of  emptying  of  the 
arterioles  and  capillaries,  postmortem  evidence  of  hyperemia  may  be 
wanting.  Microscopically,  however,  capillary  rhexis  is  usually  found,  and 
if  the  process  has  persisted,  degenerative  or  inflammatory  changes  may 
have  ensued. 

Plethora,  also  known  as  polyemia  and  repletio,  implies  an  abnormal 
fulness  of  the  entire  vascular  apparatus.  Several  forms  have  been 
described  which  depend  upon  the  material  that  is  increased  in  the  blood, 
whether  it  be  an  excess  in  the  water,  in  the  albuminous  compounds, 
or  in  the  corpuscular  elements. 

Thoma  speaks  of  a plethora  vera,  in  which  the  blood  present  is  normal 
but  the  total  volume  is  increased;  hydremic  plethora,  as  dependent  upon 
an  additional  quantity  of  water;  again,  when  the  plethora  seems  to  involve 
the  entire  vascular  system,  it  is  said  to  be  a general  plethora ; a localized 
form  is  described  that  is  analogous  to  congestion,  but  is  sometimes  called 
vascular  plethora.  Overdistention  of  the  lymph-spaces  is  spoken  of  as 
lymphatic  plethora,  a condition  closely  allied  to  edema.  (See  also  chapter 
on  The  Blood,  Part  II.) 

Hemorrhage. — The  escape  of  all  the  constituents  of  the  blood  con- 
stitutes what  is  ordinarily  spoken  of  as  a hemorrhage.  Hemorrhages  are 
said  to  be  arterial,  venous,  capillary,  or  mixed,  depending  upon  the  vessel 
or  vessels  from  which  the  bleeding  occurs.  The  escape  of  blood  as  a 
result  of  solution  in  the  continuity  of  the  blood-vessels  is  called  hemorrhage 
per  rhexin.  Hemorrhages  that  arise  as  a result  of  trauma  should  be  classi- 
fied with  this  group.  The  injury  to  the  vessel  may  not  be  sufficient  to 
permit  the  immediate  escape  of  blood,  but  later  degenerative,  necrotic,  or 
inflammatory  change,  attacking  the  vessel  wall,  may  cause  it  to  rupture. 
Increased  arterial  tension  is  also  said  to  be  a cause  of  hemorrhage.  It  is 


GENERAL  PATHOLOGY. 


2 54 

probable,  however,  that  a normal  blood-vessel,  whether  it  be  artery, 
capillary,  or  vein,  not  previously  injured  or  diseased,  never  ruptures  as 
the  result  of  a simple  rise  in  the  blood-pressure.  Developing  blood- 
vessels especially  in  the  productive  tissue  of  repair  may  be  exceptions  to 
this  rule.  When  a hemorrhage  occurs  from  a blood-vessel  (capillary  or 
vein)  without  manifest  solution  in  the  continuity  of  its  wall,  the  condition 
is  spoken  of  as  hemorrhage  per  diapedesin.  Such  hemorrhages  are  fre- 
quently induced  by  venous  obstruction.  Increased  permeability  of  blood- 
vessels is  largely  a result  of  interference  with  their  nutrition,  as  after  per- 
sistent local  anemia,  or  injury,  mechanical  or  thermic,  as  well  as  chemic; 
including  under  the  last-named  the  destructive  influences  manifested  upon 
the  vascular  endothelium  by  the  poisons  of  many  bacteria. 

As  illustrating  the  influences  of  bacteria  and  bacterial  poisons  in 
the  production  of  capillary  hemorrhage,  the  cutaneous,  mucous,  and 
submucous  hemorrhages  of  septicemia,  cholera,  yellow  fever,  and  allied 
diseases  may  be  cited.  It  seems  probable  that  rheumatism  is  a bacterial 
affection,  and,  if  so,  the  capillary  hemorrhages  present  in  the  disease 
called  purpura  rheumatica  are  of  infectious  origin.  The  same  is  probably 
true  of  most  purpuras.1  With  this  group  should  be  considered  the  so- 
called  hemorrhagic  septicemias.  These  are  seen  particularly  in  animals, 
but  essentially  the  same  conditions  occur  in  man.  It  is  well  known  that  a 
number  of  bacteria  produce  hemolytic  poisons,  and  that  blood  in  which 
hemolysis  is  in  progress  escapes  the  endothelium  of  the  vessels  more 
readily  than  in  health.  Grenet  suggests  that  purpuric  affections  are 
produced  by  the  action  of  toxic  substances  on  the  liver.  The  toxic 
nature  of  such  hemorrhages  is  further  shown  by  their  most  frequent 
occurrence  in  connection  with  infectious  diseases.  Blair  has  collected  a 
number  of  cases  of  typhoid  with  multiple  subcutaneous  hemorrhages; 
hemorrhagic  erysipelas,  hemorrhagic  smallpox,  hemorrhagic  measles, 
hemorrhagic  scarlet  fever,  hemorrhagic  diphtheria,  and  other  forms  of 
hemorrhagic  infection  are  manifestations  of  acquired  hemorrhagic  diathe- 
sis of  infectious  origin.  Tripp  has  observed  purpuric  hemorrhages  in 
ptomain  poisoning.  The  frequent  occurrence  of  mucous,  submucous, 
serous  and  subserous,  and  cutaneous  hemorrhages,  in  leukemia,  par- 
ticularly toward  the  end  of  the  disease,  shows  the  influence  of  blood 
alterations  in  producing  the  condition.  The  hemorrhagic  manifestation 
occurring  in  the  new-born,  called  morbus  maculosus  neonatorum,2  epidemic 
hemoglobinuria,  acute  fatty  degeneration,  syphilis  hemorrhagica  neona- 
torum, and  by  other  names,  is  an  infection  not  attributable  to  any  specific 
organism,  but  may  be  produced  by  the  Staphylococcus  pyogenes  albus 
or  aureus,  the  pyogenic  streptococci,  pneumococcus,  Bacillus  pyocyaneus, 
Bacillus  haemorrhagicus,  the  Bacillus  coli  communis,  the  Bacillus  enteri- 
tidis  (Gartner),  and  possibly  other  organisms.  The  condition  may  occur 
in  syphilitic  infants  independently  of  any  other  infection.  The  extensive 
ecchymoses  that  occur  in  phosphorus-poisoning  are  probably  brought 

1 LeCount  and  Batty,  Jour.  Infect.  Dis.,  April,  1907;  Sabrazes  and  Duperie, 
Arch,  des  mal.  du  coeur,  des  vaisseaux  et  du  sang,  May,  1909;  Heyrovsky,  Cen- 
tralbl.  f.  Bakt.,  Sept.  25,  1909,  p.  501 ; Day,  Brit.  Med.  Jour.,  Nov.  13,  1909,  p. 
1405;  Elliott,  Arch.  Intern.  Med.,  April,  1909;  Knowles,  Jour.  Amer.  Med.  Assoc., 
July  9,  1910,  p.  100. 

2 Leuret,  Arch,  des  Mal.  du  Coeur,  April,  1910,  p.  236;  Schloss  and  Cummisky, 
Amer.  four.  Dis.  of  Children,  April,  1911,  p.  276;  Fraenkel  and  Pielsticker,  Zeit.  f. 
Hyg.,  Bd.  lxiv,  Nov.  26,  1909;  Schwarz  and  Ottenberg,  Amer.  Jour.  Med.  Sci., 
July,  1910;  Duke,  Jour.  Amer.  Med.  Assoc.,  Oct.  1,  1910,  p.  1185. 
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about  by  alterations  in  the  blood  and  by  degenerative  changes  in  the 
capillary  walls.  A similar  explanation  is  probably  operative  with  regard 
to  the  capillary  hemorrhages  induced  by  the  poison  of  venomous  reptiles. 
The  presence  of  bile  in  the  blood  is  often  associated  with  an  increased 
tendency  to  hemorrhage;  wounds  in  jaundiced  patients  often  bleed  pro- 
fusely and  stubbornly  resist  the  usual  methods  of  hemostasis.  Robson 
believes  that  the  tendency  to  hemorrhage  in  jaundice  is  intensified  by  the 
presence  of  associated  pancreatic  disease. 

In  addition  to  the  morbid  conditions  just  considered,  in  which  it 
would  appear  that  the  occurrence  of  hemorrhage  depended  upon  an 
acquired  alteration  in  the  blood  or  blood-vessel,  or  in  both,  and  hence 
called  an  acquired  hemorrhagic  diathesis,  we  occasionally  find  individ- 
uals possessing  an  extraordinary  tendency  toward  the  occurrence  of 
severe  hemorrhage  resulting  from  the  most  trivial  cause,  which  tendency 
seems  to  have  been  transmitted  from  ancestors  who  manifested  the  same 
peculiarity.  Such  a condition  is  called  inherited  hemorrhagic  diathesis,  or 
hemophilia.1  Hemophilia,  or  bleeding  diathesis,  is  transmitted  commonly 
from  the  mother;  as  a rule,  the  male  children  manifest  the  disease  but 
do  not  transmit  it.  The  females,  on  the  other  hand,  usually  show  no 
evidence  of  the  affection,  but  transmit  it  to  their  children.  The  studies 
of  DeBovis  show  that  women  do  not  escape  and  Lossen’s  record  of  the 
Mampel  family  proves  that  all  the  sons  of  one  mother  may  not  be  hemo- 
philiacs. No  satisfactory  explanation  has  been  offered  for  this  congenital 
hemorrhagic  diathesis,  although  cases  undoubtedly  occur  in  which  hemor- 
rhages are  arrested  by  the  application  of  agents  favoring  the  coagulation 
of  the  blood.  Wright  has  shown  that  in  some  “bleeders”  the  calcium 
content  of  the  blood  is  below  normal.  The  obscurity  surrounding  this 
peculiar  manifestation  of  heredity  is,  to  'a  large  degree,  centered  on  the 
extraordinary  distribution  between  the  sexes.  In  vitro  the  blood  of  a 
hemophiliac  rarely  coagulates  in  the  same  manner  as  normal  blood, 
although  it  may  do  so.  The  abnormality  in  such  cases  seems,  therefore, 
to  be  in  (1)  the  blood  or  (2)  the  tissues,  probably  the  vessels.  Hemorrhage 
in  bleeders  has  been  successfully  treated  by  the  application  of  normal 
blood,  by  transfusion,  and  by  the  injection  of  normal  serum  of  man  or  the 
horse  (diphtheria  antitoxin).  The  results  have  been  variously  inter- 
preted; the  present  bias  of  opinion  seems  to  be  that  the  element  supplied 
by  such  treatment  is  thrombokinase. 

In  addition  to  the  dangers  from  traumatic  hemorrhage,  hemophiliacs 
occasionally  manifest  a tendency  toward  other  forms  of  bleeding  for 
which  no  adequate  explanation  can  be  given.  This  peculiarity  is  some- 
times shown  by  the  occurrence  of  hemorrhage,  which  may  be  fatal,  from 
a kidney  apparently  normal  even  when  submitted  to  careful  microscopic 
examination  (causeless  hematuria).  Less  commonly  the  hemorrhage 
without  discernible  anatomic  lesions  is  from  the  stomach  or  intestines. 
Hemarthrosis  in  hemophiliacs  has  been  especially  studied  by  Konig, 
Lucas,  Carless,  Broca,  and  others.  Poillet  has  analyzed  252  cases;  the 
affected  joints  are  first  distended  with  blood,  followed  by  ecchymosis  in 

1 Morawetz  and  Lossen,  Deutsch.  Arch.  f.  klin.  Med.,  Bd.  94,  H.  2;  DeBovis, 
Sem.  Med.,  No.  36,  1906;  Sahli,  Zeit.  f.  klin.  Med.,  Bd.  lvi,  H.  3 and  4;  Wirth, 
Centralbl.  f.  d.  Grenzge.  d.  Med.  u.  Chir.,  xii,  No.  7,  1909;  Fraenkel  and  Bohm, 
Monats.  f.  Geb.  u.  Gyn.,  1909,  xxx,  417;  Nolf  and  Herry,  Rev.  de  Med.,  Jan.,  1910; 
Kottmann  and  Lidsky,  Munch,  med.  Woch.,  Jan.  4,  19x0,  p.  13;  Hubscher,  Cor- 
respondenz-Blatt  fur  Schweizer  Aertze,  Basel,  April  20,  1910. 
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the  para-articular  and  subcutaneous  tissues.  The  blood  is  promptly- 
absorbed,  but  the  bleeding  recurs,  and  eventually  the  synovial  membranes 
thicken,  the  fringes  hypertrophy,  and  the  articular  cartilages  become  lipped 
at  their  free  margin  and  at  points  pitted.  The  affection  occurs  chiefly 
between  the  fourth  and  sixth  years  of  life,  nearly  all  the  patients  are  males, 
and  nearly  all  the  cases  that  have  been  operated  upon  died.  The  knee  is 
affected  in  about  fifty  per  cent.,  and  the  elbow  in  about  twenty- five  per 
cent,  of  the  cases. 


Fig.  120. — Hemophilia.  Genealogical  tree.  ( After  Lossen.) 


^ Males,  not  known  to  have  had  hemophilia. 

Q Males  known  to  have  had  hemophilia. 

Mi  Females  not  transmitting  hemophilia. 

□ Females,  members  of  hemophiliac  family  and  transmitting  the  affection. 


Black  square  containing  D,  death  due  to  hemophilia. 

Hollow  square  containing  D,  death  from  causes  other  than  hemophilia. 

When  inflammatory,  suppurative,  infectious,  or  ulcerative  processes 
approach  the  blood-vessel  from  without  and  destroy  its  walls,  the  con- 
sequent hemorrhage  is  spoken  of  as  hemorrhage  by  diabrodosis,  or  haemor- 
rhage per  diabrosin.  Such  hemorrhages  occur  from  blood-vessels  in  the 
cavities  resulting  from  pulmonary  tuberculosis  and  occasionally"  are  due 
to  suppurative  processes  around  the  large  vascular  trunks  of  the  neck. 

The  influence  of  the  nervous  system  in  the  production  of  hemor- 
rhage is  but  little  understood.  It  may  act  indirectly  through  the  vaso- 
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motor  system,  raising  the  arterial  tension  and.  increasing  the  pressure  in 
diseased  blood-vessels  that  are  already  taxed  to  withstand  the  normal 
stress,  and  hence,  under  the  increased  pressure,  give  way.  Such  action 
of  the  nervous  system  fails  to  explain  hemorrhage  from  the  stomach  and 
intestines  in  diseases  of  the  crura  cerebri,  and  the  occasional  instances  of 
vicarious  menstruation  manifested  by  hemorrhages  from  the  nose,  mouth, 
lungs,  etc.  The  hemorrhages  of  hysteria  would  seem  properly  to  be 
classed  with  this  group. 

Small  areas  of  hemorrhage  with  sharply  defined  margins,  at  first 
red  then  purplish,  and  eventually  purplish-black,  are  known  as  pete- 
chiae.  Purpuric  hemorrhages  manifest  themselves  by  numerous  petechiae, 
principally  in  the  submucous  or  subcutaneous  structures;  they  are  also 
occasionally  observed  under  serous  membranes.  An  ecchymosis  is 
a submucous,  interstitial,  or  subcutaneous  hemorrhage,  commonly  due 
to  injury,  but  also  arising  from  other  causes.  Extensive  infiltration 
of  the  connective  tissues  by  blood  is  spoken  of  as  hemorrhagic  infiltra- 
tion, or  bloody  suffusion.  When  blood  collects  so  as  to  form  a distinct 
tumor,  the  mass  is  called  a hematoma. 

Hemorrhages  from  various  cavities  and  surfaces  have  received  special 
names,  depending  upon  their  location  or  on  the  phenomena  to  which 
they  give  rise : hemorrhage  from  the  nose  is  called  epistaxis ; hemorrhage 
from  the  lungs,  bronchopulmonary  hemorrhage , or  hemoptysis ; excessive 
menstrual  flow  is  menorrhagia,  and  uterine  hemorrhage  occurring  inde- 
dently  of  menstruation,  metrorrhagia ; bleeding  from  the  bowels,  enteror- 
rhagia  or  intestinal  hemorrhage;  hemorrhage  from  the  urinary  organs 
(the  blood  being  voided  with  the  urine) , hematuria ; hemorrhage  into 
joints,  hemarthron  or  hemarthros ; hemorrhage  into  the  brain,  cerebral 
hemorrhage,  cerebral  apoplexy,  or  hematencephalon;  blood  in  the  pleural 
cavity,  hemothorax ; a collection  of  blood  in  the  pelvic  peritoneum  or  in 
the  tunica  vaginalis  testis  is  spoken  of  as  a hematocele ; hemorrhage  into 
the  central  canal  of  the  spinal  cord,  hematomyelia ; hemorrhage  into  the 
pericardium,  hemopericardium ; hemorrhage  into  the  peritoneum,  hemo- 
peritoneum  ; and  so  on.  These  anatomical  divisions  of  hemorrhage  are  con- 
sidered with  the  respective  organs  or  tissues  in  the  second  part  of  this  book. 

The  effects  of  hemorrhage  may  be  local  or  constitutional.  The  local 
changes  to  be  considered  are  only  those  that  arise  in  connection  with 
accumulations  of  blood  that  remain  in  contact  with  the  living  tissues. 
Blood  acted  upon  by  the  digestive  juices  is  more  or  less  modified  by 
the  chemic  changes  which  they  induce.  In  the  stomach  it  forms  a 
brown  or  brownish-black,  grumous  substance,  resembling  coffee-ground; 
hence  the  term  “coffee-ground  vomit,”  used  to  designate  the  vomiting 
of  more  or  less  altered  blood.  Within  the  intestinal  canal  the  altera- 
tion is  more  marked  when  hemorrhages  have  occurred  sufficiently  high 
to  permit  prolonged  contact  with  the  intestinal  juices.  The  blood  of 
rectal  hemorrhage  may  escape  with  but  little  alteration.  When  hemor- 
rhages arise  in  the  upper  intestine  the  blood  is  usually  converted  into  a 
tarry  substance.  Blood  thrown  out  into  the  serous  cavities  or  interstitial 
tissues,  unless  excessive,  is  usually  absorbed. 

The  fate  of  hemorrhages  into  the  connective  tissues  depends  largely 
upon  the  amount  of  blood  extra vasated  and  upon  the  damage  to  which  the 
tissue  has  been  subjected.  When  hemorrhages  are  small  the  blood 
rapidly  undergoes  hemolysis,  the  red  corpuscles  yield  hemoglobin  and 
fragment,  and,  eventually  dissolving,  the  resulting  products  are  carried 
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away  by  the  lymphatics.  The  display  of  color  that  occurs  in  bruised 
areas  or  areas  of  local  hemorrhage  depends  upon  alterations  in  the  hemo- 
globin. Distinct  collections  of  blood  (hematomata) , if  still  communica- 
ting with  an  artery,  may  remain  as  false  aneurysms.  (See  Aneurysms.) 
The  small  amount  of  infiltration  at  the  periphery  of  a blood  collection  is 
replaced  by  cicatricial  tissue,  which,  with  the  condensed  structures,  forms 
a false  wall;  this  structure  may  limit  the  hemic  tumor  or  may  gradually 
yield  and  eventually  rupture.  Similar  collections,  not  communicating 
with  an  artery,  usually,  in  time,  undergo  complete  absorption;  sometimes, 
however,  such  a mass  is  walled  off  by  a newly  formed  connective-tissue 
membrane,  which  may  become  calcareous;  in  time,  this  may  contract  and 
eventually  leave  nothing  but  an  area  of  induration.  Small  residual 
collections  of  unabsorbed  blood  may  calcify. 

The  systemic  phenomena  induced  by  hemorrhage  depend  upon  the 
amount  of  blood  lost  and  upon  the  rapidity  with  which  it  escapes.  A 
considerable  quantity  of  blood  may  be  lost  by  a slowly  oozing  hemorrhage 
without  giving  rise  to  any  conspicuous  symptom.  A much  smaller  quan- 
tity, however,  suddenly  ejected  by  an  artery,  may  induce  a rapidly  fatal 
issue.  In  severe  hemorrhage  the  blood-pressure  begins  to  fall  coincident 
with  the  blood  loss.  This  fall  in  vascular  tension  lessens  the  amount  of 
blood  that  would  otherwise  escape  (in  the  same  length  of  time  under 
higher  blood-ressure  the  loss  would  be  greater),  and  favors  the  occurrence 
of  coagulation,  at  the  same  time  permitting  contraction  of  the  blood-vessel. 
The  sudden  drop  in  blood-pressure,  and  the  associated  faulty  distribution  of 
the  blood,  give  rise  to  cerebral  anemia,  which,  if  the  fall  be  marked  or  long 
continued,  may  terminate  fatally.  Under  lower  blood-pressure  a clot  not 
uncommonly  forms  in  the  wounded  vessel,  and  with  the  complete  arrest  of 
hemorrhage  the  volume  of  blood  is  made  up  as  soon  as  possible  by  removal 
from  the  lymph-spaces  of  the  available  fluid  in  the  body,  gradually  re- 
storing the  circulatory  volume  and  paving  the  way  to  complete  regenera- 
tion of  the  blood.  (See  chapter  on  Blood.) 

Lymphorrhea  or  lymphorrhagia  is  the  abnormal  escape  of  lymph, 
usually  due  to  some  solution  in  the  continuity  of  a large  lymph-vessel. 
The  same  term  is  made  to  embrace  the  escape  of  chyle  from  the  lacteal 
system  or  thoracic  duct,  a condition  usually  due  to  the  injury  of  these 
structures  or  to  the  presence  of  thrombosis  or  an  animal  parasite  occluding 
the  lumen.1  Wounds  or  rupture  of  the  thoracic  duct  may  permit  chyle 
to  enter  the  peritoneum  (chylous  ascites)  or  pleura  (chylothorax). 

The  condition  which  I shall  describe  as  congestion  is  also  known 
as  venous  hyperemia  or  venous  congestion,  passive  hyperemia  or  passive 
congestion.  It  results  from  faulty  exit  of  the  blood,  and  consequent 
retarded  flow,  giving  rise  to  accumulation  in  the  veins  and  capillaries 
of  the  area  involved.  In  contrast  to  hyperemia,  in  which  there  is  an 
increased  amount  of  arterial  blood,  in  congestion  the  excess  of  blood  is 
physiologically  venous. 

Causes. — Any  condition  that  prevents  free  venous  exit,  and  that 
at  the  same  time  does  not  proportionately  limit  arterial  ingress;  pressure, 
and  constricting  bands  that  compress  the  easily  collapsed  veins  and  not 
the  more  rigid  arteries;  diseases  of  the  veins,  such  as  inflammation 
and  thrombosis,  which  narrow  the  lumina  and  lessen  the  carrying 
capacity  of  the  affected  vessels;  tumors,  and  pressure  from  surrounding  or 

*See  Elephantoid  Diseases,  p.  198. 
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adjacent  organs  or  structures.  In  a feeble  circulation  congestion  is 
favored  by  the  influences  of  gravity,  as  in  the  congested  extremities  of 
individuals  suffering  from  valvular  heart-disease.  Venous  and  capillary 
distention,  dependent  upon  feebleness  of  the  circulation,  is  illustrated 
in  hypostatic  congestion  of  the  lungs  that  accompanies  typhoid  fever  and 
other  adynamic  states.  Arrest  of  arterial  flow  may  lead  indirectly  to 
congestion  depending  upon  the  regurgitation  of  blood  from  veins  in  which 
a more  or  less  constant  pressure  is  maintained;  such  vascular  distention, 
at  first  manifested  in  the  larger  veins,  but  sooner  or  later  reaching  the 
venules  and  capillaries,  is  termed  the  congestion  of  regurgitation. 

Morbid  Anatomy. — This  depends  largely  upon  the  duration  and 
magnitude  of  the  process.  During  life  the  area  involved  is  edematous, 
swollen,  and  bluish,  with  a temperature  usually  lower  than  normal. 
The  cause  of  the  associated  swelling  will  be  further  considered  when 
dealing  with  edema.  The  gradual  reduction  in  circulatory  activity 
gives  rise  to  overdistention  of  the  capillaries  of  the  area  involved,  degenera- 
tive changes  in  their  walls,  and,  if  prolonged  or  intense,  diapedesis,  and 
corpuscular  plugging.  Distention  of  the  capillaries  by  plugs  in  which 
the  cellular  elements  may  no  longer  be  recognized  (stasis)  is  frequently  seen. 
As  a result  of  hemolysis  affecting  the  quiescent  red  blood-cells,  both 
within  and  without  the  blood-vessels,  a certain  amount  of  pigmentation 
may  be  present,  particularly  where  the  process  has  been  long  continued. 
Prior  to  complete  stagnation  and  dissolution  of  the  cellular  elements 
restoration  of  the  circulation  is  possible.  The  process  is  likely  to  terminate 
in  degenerative,  atrophic,  or  necrotic  changes  in  the  affected  tissues; 
this  is  due  to  the  fact  that  nutrition  in  any  given  area  is  as  dependent 
upon  the  removal  of  the  products  of  cell  life  as  upon  the  supply  of  pabulum. 
If  the  area  involved  be  large,  and  the  process  sufficiently  marked,  coagu- 
lation necrosis,  followed  by  gangrene,  may  occur.  Such  extensive  necrotic 
processes  are,  of  necessity>  preceded  by  stasis.  Congestion  is  likely  to 
persist  postmortem  and  to  be  evident,  thereby  differing  from  hyperemia. 
The  form  of  congestion  that  develops  after  the  cessation  of  circulation, 
known  as  suggillation,  must  be  differentiated  from  congestion  that  arose 
during  life.  Postmortem  suggillation  is  not  usually  accompanied  by 
edema,  and  the  affected  tissues  do  not  show  the  nutritive  changes 
that  accompany  antemortem  venous  stasis.  (See  Appendix;  sug- 
gillation.) 

Stasis. — When,  as  the  result  of  slowing  the  circulation,  the  obstruction 
of  gravity,  inflammation,  or  of  injury,  the  blood  stops  circulating  in  the 
capillaries  of  an  area,  the  condition  is  called  stasis.  It  is  a very  common 
sequence  of  congestion,  occasionally  occurs  in  hyperemia,  and  is  a more 
or  less  constant  phenomenon  in  inflammation.  The  extent  of  stasis  in 
inflammatory  processes  is  dependent  upon  the  activity  of  the  inflammation 
and  upon  the  recuperative  powers  of  the  circulation.  The  virulence  of 
the  infection  is  no  doubt  also  a determining  factor.  In  addition  to  the 
causes  just  mentioned,  stasis  occasionally  arises  as  a result  of  tension 
occluding  the  blood-vessels  to  or  from  an  area,  and  may  also  be  caused 
by  inspissation;  as,  for  example,  from  prolonged  exposure  of  serous 
surfaces,  notably  the  peritoneum.  The  corpuscular  changes  terminate  in 
dissolution,  fragmentation  of  the  cells,  and  not  infrequently  necrosis  of 
the  capillary  walls;  the  necrotic  process  may  also  involve  perivascular 
structures. 
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Edema1  implies  abnormal  or  excessive  transudation  of  the  fluid 
portion  of  the  blood  into,  or  its  unusual  retention  in,  the  lymph-spaces. 
As  the  large  serous  cavities  are  generally  conceded  to  be  lymph-spaces, 
the  accumulation  of  serum,  such  as  is  seen  in  ascites  accompanying  cir- 
rhosis of  the  liver  or  chronic  heart  disease,  belongs  truly  to  edematous 
conditions. 

Causes. — The  pathology  of  edema  is  intimately  associated  with  the 
normal  process  of  lymph  formation.  When  physiologists  satisfactorily 
determine  the  origin  of  lymph,  we  shall  be  better  able  to  appreciate  the 
overdistention  of  the  lymph-spaces  seen  in  edema.  It  is  probable  that  the 
cause  of  edema  is  never  a single  factor,  usually  depending  upon  a combi- 
nation of  conditions,  among  which  may  be  considered  alterations  in  the 
blood,  in  the  blood-pressure,  and  in  the  capillary  wall,  and  interferences 
with  the  normal  flow  of  lymph.  To  these  may  be  added  decreased  peri- 
vascular pressure,  and  possibly  chemic  and  structural  changes  in  the 
tissues;  that  the  nervous  system  may  exert  a certain  causative  influence 
cannot  be  overlooked,  but  the  nature  of  the  factor  or  the  manner  of  its 
action  cannot  be  so  accurately  determined.  Some  are  inclined  to  believe 
that  abnormalities  of  the  blood  will  not  produce  edema  until  sufficient 
time  has  elapsed  for  the  blood  alterations  to  give  rise,  either  directly  or 
indirectly,  to  changes  in  the  vessel  walls.  The  changes  in  the  vessel  walls 
consist,  for  the  most  part,  of  alterations  in  the  endothelium  of  the 
capillaries.  The  endothelium  may  become  granular,  cloudy,  or  even  par- 
tially exfoliated.  With  such  alterations  in  the  endothelium  the  vessel 
wall  becomes  abnormally  permeable.  It  is  probable  that  in  all  forms  of 
edema,  arising  from  increased  blood-pressure,  some  change  in  the  endothe- 
lium is  an  essential  part  of  the  process.  When  there  is  an  obstruction 
to  the  onward  flow  of  the  blood,  such  as  may  occur  from  ligation  or  oc- 
clusion of  the  principal  veins,  or  when  there  is  retardation  in  the  prog- 
ress of  the  blood,  which  increases  the  pressure  in  the  capillaries  and 
leads  to  such  degenerative  changes  in  the  endothelium  as  to  permit 
extravasation  of  the  serum,  edema  results.  Similarly,  venous  congestion, 
due  to  inability  of  the  heart  to  propel  the  venous  blood,  may  induce  a 
similar  lesion,  called  cardiac  edema.  That  edema  produced  by  ob- 
struction to  the  onward  flow  of  the  blood  is  directly  due  to  the  in- 
creased intracapillary  pressure  cannot  be  said  definitely  to  be  demon- 
strated. It  is  probable  that  it  arises,  in  part  at  least,  as  a result  of 
associated  degenerative  changes  in  the  endothelium,  increasing  the 
permeability  of  the  vascular  wall  and  permitting  the  occurrence  of 
serous  transudation. 

The  fact  that  the  blood-vessels  in  an  edematous  area  may  show  no 
recognizable  structural  lesion  has  led  to  the  belief  that  edema  may,  under 

1 Zambelli,  II  Morgagni,  May  and  June,  1905;  Richter,  Berl.  klin.  Woch., 
1905,  xlii,  No.  14;  Huber,  These  de  Bordeaux,  1907;  Kaufmann,  Centralbl.  f.  d. 
gesamte  Physiol,  u.  Pathol,  des  Stoffwechsels,  1906,  vii,  p.  497;  Jackson  and 
Elting,  Arch.  Intern.  Med.,  Oct.,  1908;  King,  Lancet,  Aug.  22,  1908;  Whiting, 
Lancet,  Nov.  7,  1908;  Fleisher,  Hoyt  and  Loeb,  Jour.  Exper.  Med.,  vol.  xi,  1909, 
and  vol.  xii,  1910;  Heincke,  Virch.  Arch.,  May,  1909;  Starling,  The  Herter 
Lectures,  1908;  Pearce,  Arch.  Intern.  Med.,  June  15,  1909;  Blooker,  Deutsch. 

Arch.  f.  klin.  Med.,  xcv,  p.  80;  Alonzo,  Rif.  Med.,  March  29,  1909;  Miller  and 
Matthews,  Arch.  Intern.  Med.,  Oct.,  1909;  Timofeew,  Arch.  f.  exper.  Pathol,  u. 
Pharmakol.,  1909,  lx,  4-5;  Fetterolf  and  Landis,  Proceed.  Path.  Soc.  of  Phila., 
Dec.,  1909,  p.  357;  Stephens,  Practitioner,  Sept.,  1910,  p.  374;  Fischer,  Trans. 
College  of  Phys.,  1909,  p.  457. 
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certain  circumstances,  be  dependent  upon  an  increased  secretory  action  of 
these  cells,  presuming,  of  course,  that  the  normal  lymph  is  a product  of 
secretion  and  not  simply  a transudation.  The  presence  of  certain  mate- 
rials in  the  circulation  undoubtedly  favors  the  occurrence  of  edema.  For 
the  most  part  these  are  toxic  substances,  of  which  bacterial  poisons  may 
be  taken  as  examples.  It  is  not  improbable  that  they  increase  the 
diffusibility  of  the  serum  and  at  the  same  time  injure  the  endothelial 
cells.  The  edemas  that  occur  in  the  last  stages  of  tuberculosis,  and 
in  various  cachexias  associated  with  lowered  nutrition,  are  probably 
dependent  upon  the  faulty  nourishment  of  the  vascular  endothelium 
as  well  as  upon  alterations  in  the  blood,  and  in  not  a few  of  these  the 
presence  of  toxic  materials  in  the  circulating  fluids  cannot  be  positively 
excluded  as  adjuvant  factors.  The  influence  of  tissue  tension  in  the 
occurrence  of  edema  must  not  be  overlooked.  With  vascular  changes 
practically  the  same,  edema  must,  of  necessity,  occur  with  more  rapidity 
in  lax  tissues,  such  as  the  eyelid  and  scrotum,  than  in  tissues  of  greater 
density,  such  as  periosteum  and  bone.  Normally,  the  nutrition  of  the 
tissues  is  maintained,  in  part  at  least,  by  serum  passing  out  from  the 
vessels  into  the  perivascular  structures  (primitive  lymphatics) ; the 
cells  abstract  from  this  fluid  the  elements  necessary  for  their  nutrition, 
and  yield  to  it  excrementitious  products,  after  which  it  is  removed  from 
the  tissues  by  the  lymph-stream.  It  will  be  seen  that  any  obstruc- 
tion to  the  onward  flow  of  the  lymph,  such  as  may  result  from  pressure 
upon  the  lymph-duct,  may  give  rise  to  an  accumulative  edema  in  the 
area  drained  without  the  necessity  of  presupposing  any  degenerative 
change  in  the  blood-vessels  of  the  part. 

As  a result  of  the  studies  of  Widal,  Achard,  Loeper,  and  other  French 
observers,  great  stress  is  laid  on  the  relation  between  the  sodium  chlorid 
content  of  the  tissues  and  the  occurrence  of  edema.  If  for  any  reason  an 
excess  of  this  salt  be  present  in  the  connective  or  other  tissues,  the  attempt 
to  maintain  isotonicity  results  in  an  excess  of  fluid  accumulating  in  the 
structures  containing  the  abnormal  amount  of  sodium  chlorid.  It  is  not 
certain  that  any  other  salt  exerts  exactly  the  same  action.  This  theory 
of  edema  formation  has  been  turned  to  therapeutic  advantage;  dropsical 
patients  are  given  salt-free  diet  and  elimination  of  the  sodium  chlorid  facili- 
tated in  every  way  possible.  The  results  in  some  cases,  although  by  no 
means  conclusive,  seem  to  add  support  to  the  theory  upon  which  the 
treatment  is  based.  Admitting  the  correctness  of  the  French  observers, 
the  necessity  for  explaining  the  excess  of  sodium  chlorid  is  no  less  urgent 
than  the  original  proposition.  The  fact  that  salt  excretion  is  less  active 
during  certain  inflammations  (croupous  pneumonia)  and  intoxications, 
indicates  that  the  substance  constitutes  an  important  part  of  the  protec- 
tive influences  of  the  body,  and  is  especially  necessary  in  resisting  bacteria, 
bacterial  toxins,  and  some  other  poisons.  Tissues  subjected  to  the  action 
of  toxic  bodies  may  extract  salt  from  the  circulating  fluids,  and  this  in 
turn  be  followed  by  an  accumulation  of  serum.  It  has  been  demon- 
strated that  in  renal,  and  sometimes,  although  not  invariably,  in  cardiac 
dropsies,  the  sodium  chlorid  content  of  the  affected  tissues  is  above  the 
normal,  and  the  renal  ability  to  excrete  salt  is  diminished. 

Although  other  observers  have  entertained  similar  views  it  is  espe- 
cially to  Fischer  that  we  are  indebted  for  a most  painstaking  experimental 
study  directed  toward  establishing  that  the  primary  or  essential  cause 
of  edema  lies  in  the  tissues,  and  denying  the  physical  influences  of  in- 
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creased  capillary  pressure  and  secretory  activity  on  the  part  of  the 
vascular  endothelium.  This  view  attributes  the  accumulation  of  fluid 
to  chemical  or  physical  changes  in  colloids  by  which  the  affinity  of  these 
substances  for  water  is  notably  increased.  If  the  leg  of  a frog  be  ligated, 
completely  arresting  the  circulation,  and  the  animal  left  in  water,  the  limb 
swells,  blebs  form,  and  the  structures  deprived  of  blood  take  on  all  the 
familiar  characters  of  edematous  tissue,  showing  that  the  phenomena  of 
edema  may  occur  in  the  absence  of  a circulation.  The  bloated  edematous 
condition  of  bodies  long  submerged  in  water  results  from  essentially 
identical  factors.  Fischer’s  experiments  include  studies  of  fibrin,  gelatin, 
muscle,  and  the  colloids  of  the  eye-ball,  all  of  which  manifest  similar 
reactions.  If  water  be  available  any  tissue  becomes  edematous  whenever 
the  colloidal  affinity  for  water  is  increased.  An  inadequate  supply  of 
oxygen  results  in.  the  production  of  acids,  notably  lactic  acid,  and  carbon 
dioxid  which  in  turn  increase  the  tendency  of  colloids  to  take  up  water, 
consequently  edema  is  brought  about.  In  the  edemas  of  congestion, 
cardiac  and  renal  disease,  and  in  infection,  changes  in  the  process  of  oxida- 
tion are  manifestly  present;  whenever  these  changes  become  sufficiently 
marked  to  disturb  the  reaction  of  the  colloids  to  water,  increasing  their 
affinity  for  that  substance,  edema  results.  Any  explanation  of  edema  that 
merely  accounts  for  the  passage  of  fluid  through  the  endothelium  of  the 
vessels  and  goes  no  further  fails  to  explain  the  swelling  of  cells  and  fibrils 
constantly  present  in  edematous  tissues. 

However,  the  edema  fluid  enters  the  lymph-spaces  or  lymph-vessels, 
and  whatever  may  be  the  cause  of  its  accumulation,  there  is  no  reasonable 
doubt  as  to  its  origin;  it  is  derived  from  the  liquor  sanguinis,  from  which 
it  differs  in  the  lessened  protein  content,  the  usual  absence  of  all  the 
factors  necessary  to  form  fibrin,  its  lower  specific  gravity,  and  minor  differ- 
ences in  the  proportion  of  salts. 

The  studies  of  Meriden  and  Heitz,  and  also  Kostkevitch,  have  shown 
conclusively  that  most  edema  fluids  contain  toxic  substances,  and  that, 
when  rapidly  absorbed,  they  may  give  to  nervous,  cardiac,  and  renal 
disturbances.  The  character  of  these  poisons  no  doubt  differs  and  is 
largely  determined  by  the  cause  of  the  edema.  When  removed,  the 
absorption  of  edema  fluids  is  accomplished  by  the  blood-vessels,  princi- 
pally the  veins,  and  by  the  lymphatics. 

A form  of  edema  known  as  edema  ex  vacuo  is  said  to  occur  when 
brain-tissue  or  tissue  from  the  spinal  cord  disappears  by  any  process, 
and  the  resulting  cavity,  or  loss  of  structure,  or  shrinking  of  the  organ, 
must  be  filled  in. 

Edema  is  often  named  for  the  cause  that  gives  rise  to  the  lesion  in  the 
blood-vessel  or  blood  primarily.  Such  edema  may  be  known  as  toxic, 
infectious , cachectic,  traumatic,  ischemic,  inflammatory , thermal,  or,  in  some 
cases  (as  when  the  dilatation  of  the  blood-vessels  depends  upon  errors  or 
lesions  in  innervation),  the  condition  may  be  spoken  of  as  trophic  edema 
or  neuropathic  edema. 

Morbid  Anatomy. — Edematous  tissue  is  usually  pale,  pits  on  pres- 
sure, and  as  a result  of  the  deficient  circulation  of  the  blood,  is  lower 
in  temperature  than  the  normal.  On  incision  serum  escapes,  and  the 
watery  condition  of  the  tissue  can  be  readily  seen.  By  reason  of  the 
deficient  circulation,  the  resistance  of  such  tissue  is  lowered,  and  this 
renders  it  extremely  susceptible  to  infectious  and  necrotic  processes. 
Not  uncommonly  the  edematous  tissue  shows  well-marked  and  advanced 


CIRCULATORY  DISTURBANCES. 


263 


degenerative  changes.  (See  Hydropic  Degeneration,  p.  235.)  Edema 
fluids,  spoken  of  as  transudates,  differ  in  some  respects  from  inflamma- 
tory accumulations,  called  exudates.  The  former  possess  a low  specific 
gravity,  are  poor  in  cells,  and  contain  a relatively  small  proportion  of 
albumin.  A specific  gravity  of  1016  to  1020  is  not  uncommon  in  inflam- 
matory exudates,  while  dropsical  collections  rarely  attain  a specific 
gravity  of  1015,  usually  falling  below — 1009  to  1010.  Transudates 
are  commonly  clear  and  poor  in  cells,  of  which  the  mononuclear  leuko- 
cytes and  endothelium  are  most  numerous;  exudates  are  turbid  and 
usually  rich  in  leukocytes. 

The  histologic  studies  of  Kurt  show  that  in  edematous  tissues  the 
fibrous  and  elastic  elements  are  swollen,  hyaline,  and  often  fragmented. 
Lymphatics  are  more  or  less  dilated,  and  usually  contain  an  abnor- 
mal number  of  leukocytes,  especially  of  the  mononuclear  type.  The 
affected  epithelial  cells  imbibe  an  excess  of  fluid  and  frequently  show 
the  so-called  hydropic  spots  or  vacuolated  areas;  fragmentation  and 
deficient  tingibility  are  practically  always  present  in  the  chromatin 
of  cells  in  edematous  areas.  The  cells  of  the  central  nervous  system 
in  edema  affecting  the  brain,  cord,  or  meninges  are  similarly  altered. 

Different  names  have  been  given  to  accumulations  of  dropsical 
fluids,  based  upon  the  location,  cause,  or  admixture  with  other  fluids. 
When  the  edema  is  more  or  less  general,  the  term  hydrops  universalis 
is  applied;  edema  of  the  connective  tissues,  particularly  of  subcutaneous 
connective  tissues,  is  called  anasarca;  dropsy  of  the  peritoneum  is  spoken 
of  as  hydroperitoneum  or  ascites;  dropsy  of  the  pleura  as  hydrothorax, 
which  condition  may  be  unilateral  or  bilateral;  dropsy  of  the  pericardium, 
as  hydropericardium;  fluid  accumulation  in  joints,  as  dropsy  of  the  joints  or 
hydrops  articuli.  Fluid  accumulation  in  the  cerebral  ventricles  is  called 
internal  hydrocephalus,  and  when  the  excess  is  in  the  meninges  or  brain 
substance,  cerebral  edema;  the  latter  is  also  known  as  external  hydro- 
cephalus. The  origin  of  edematous  collections  is  sometimes  indicated  by 
the  name:  as,  for  example,  renal  dropsy,  cardiac  dropsy,  congestive  dropsy, 
angiosclerotic  edema  (edema  associated  with  sclerotic  changes  in  the 
blood-vessels).  Reference  has  already  been  made  to  the  toxic,  infectious, 
and  other  forms  of  edema. 


THROMBOSIS.1 

A thrombus  is  a more  or  less  uniformly  solid  or  semisolid  body,  formed 
during  life  in  the  heart  or  blood-vessels  and  resulting  from  causes  that 
lead  to  the  agmination,  agglutination,  or  coagulation  of  one  or  more 
elements  present  in  the  blood.  The  older  definition — an  antemortem 
intravascular  clot — did  not  take  into  consideration  the  agmination  and 
agglutination  of  platelets  and  leukocytes.  Many  thrombi,  however,  are 
merely  fibrinous  coagula,  relatively  rich  in  leukocytes  and  platelets. 
The  term  thrombosis  is  applied  to  the  process  terminating  in  the  formation 
of  a thrombus  and  to  the  lesions  that  follow.  It  is  also  somewhat  loosely 
used  to  cover  the  associated  conditions. 

1 Pearce  and  Winne,  Amer.  Jour.  Med.  Sci.,  Oct.,  1904;  Orth  and  Israel,  Virch. 
Arch.,  Bd.  185,  1906;  Haward,  Lancet,  March  10,  1906;  Loeb,  Zeitschr.  f.  d. 
gesamte  Biochem.,  Bd.  viii,  H.  3 and  4,  1906;  Bardeleben,  Arch.  f.  Gynakol., 
1907,  lxxxiii,  1;  Welch,  System  of  Medicine,  Allbutt  and  Rolleston,  vol.  vi,  p.  691; 
Lewis  and  Rosenow,  Arch.  Intern.  Med.,  April,  1909;  Brooks  and  Crowell,  Jour. 
Exper.  Med.,  March  1,  1908. 
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In  most  instances  there  is  little  difficulty  in  differentiating  thrombi 
from  postmortem  clots.  Coagula  formed  after  death  have  certain 
fairly  constant  characters;  they  are  usually  smooth  on  the  surface,  and 
show  no  attachment  to  the  vessels  in  which  they  lie,  although  they  may 
be  entangled,  as,  for  example,  in  the  muscular  columns  or  the  tendinous 
cords  in  the  heart.  This  absence  of  attachment  is  highly  important; 
even  when  a thrombus  has  been  dislodged  the  point  from  which  the 
thrombus  has  been  detached  can  usually  be  easily  recognized  as  a rough- 
ened area  upon  the  blood-vessel  or  heart  wall,  cardiac  orifice,  or  valve 
leaflet.  In  many  instances  an  area  on  the  thrombus  showing  evidence  of 
past  attachment  can  be  found.  The  postmortem  clot  possesses  a moist, 
glistening  surface  and  is  usually  red  in  color;  some  part  of  it  always  shows 
the  coloration  of  red  blood-cells.  An  important  differentiation,  for  which 
we  are  indebted  to  Cohnheim,  is  that  in  the  thrombus  there  is  little  diffi- 
culty in  accomplishing  longitudinal  splitting.  The  thrombus  usually 
has  a frayed-out  end.  A postmortem  clot  does  not  show  the  changes  that 
may  be  seen  proceeding  in  a thrombus.  (See  p.  269.)  Occasionally, 
where  postmortem  coagulation  of  the  blood  goes  on  very  slowly,  sufficient 
time  elapses  for  the  red  blood-cells  to  settle  to  the  most  dependent  portion, 
giving  rise  to  a clot  the  upper  layers  of  which  are  colorless  and  jelly-like, 
while  the  lower  stratum  shows  a deeper  color  than  usual  by  reason  of  its 
richness  in  red  blood-cells. 

Very  often,  when  life  is  almost  extinct  (agonal  period),  the  very 
slow  rate  at  which  the  blood  is  flowing  may  favor  the  occurrence  of 
thrombi,  which,  later,  become  continuous  with  postmortem  clots,  coagu- 
lation going  on  around  the  thrombus  after  death.  While  not  restricted 
to  the  right  side  of  the  heart  and  the  pulmonary  artery,  such  clots  fre- 
quently occur  in  that  location. 

Red  thrombi  contain  blood  coloring-matter  usually  in  the  entangled 
red  blood-cells;  these  are  the  thrombi  that  form  in  stagnant  or  prac- 
tically quiescent  blood.  White  thrombi  consist  of  fibrin  with  a varying 
number  of  leukocytes  and  blood-platelets,  and  are  formed  in  flowing 
blood.  Thrombi  may  be  mixed — the  so-called  gray  thrombi,  in  which  the 
gradual  slowing  of  the  blood  has  led  to  a slight  deposit  of  red  blood-cells 
with  the  forming  and  condensing  fibrin.  As  a result  of  ribbed,  “frayed- 
out,”  or  irregular  thrombus-formation,  longitudinal  cavities  are  some- 
times produced  in  which  the  more  or  less  quiescent  blood  proceeds  to 
clotting,  and  thereby  becomes  a part  of  the  completed  thrombus.  This 
condition  gives  rise  to  thrombi  that  may  be,  in  a sense,  mixed,  certain 
parts  being  distinctly  red,  other  parts  gray,  and  still  other  areas  red  and 
jelly-like,  closely  resembling  the  thrombi  formed  elsewhere  in  quiescent 
blood.  When  the  mass  is  composed  of  layers,  such  as  occur  in  the  cavity 
of  an  aneurysm,  the  thrombus  is  said  to  be  stratified.  When  a thrombus 
remains  where  it  originated  and  arises  independently  of  other  thrombi, 
the  name  primary  thrombus  is  applied.  The  term  propagated  thrombus 
is  applied  to  a thrombus  that  extends  some  distance  from  the  point  at 
which  it  originated;  such  thrombi  are  extremely  likely  to  show  different  ages 
at  different  points,  and  may  extend  to  an  indefinite  length.  A thrombus 
developing  from  an  embolus,  or  a thrombus  that  arises  secondary  to  an 
existing  thrombus,  is  known  as  a secondary  thrombus.  When  a thrombus 
leads  to  occlusion  of  the  blood-vessel  or  cardiac  orifice  in  which  it  lies,  it  is 
said  to  be  an  obstructing  thrombus.  When  it  permits  the  blood  to  flow 
one  way  and  occludes  a current  flowing  in  the  opposite  direction,  it  is 
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termed  a valve  thrombus.  When  the  thrombus  lines  the  wall  of  a cavity — 
e.  g.,  an  aneurysm  or  a blood-vessel — it  is  known  as  a parietal  or  a mural 
thrombus.  A thrombus  extending  around  a blood-vessel  is  said  to  be 
annular ; if  formed  with  a distinct  canal,  it  is  spoken  of  as  a channeled  or 
canalized  thrombus.  The  “6a//  thrombus ” is  not  attached,  although 
evidence  of  recent  attachment  may  be  present  either  on  the  thrombus  or 
on  the  vascular  or  cardiac  wall;  a point  of  separation  from  a fragment, 
still  attached,  may  often  be  recognized.  Ball  thrombi  are  most  frequently 
found  in  the  dilated  left  auricle  in  cases  of  mitral  stenosis.  Polypoid  or 
pedunculated  thrombi,  so-called  cardiac  polypi,  are  most  frequently  seen 
in  the  left  auricle;  the  point  of  attachment  is  usually  the  margin  of  the 
fossa  ovalis  or  its  immediate  vicinity.  The  pedicle,  and  not  uncommonly 
a larger  part  of  the  thrombus,  may  show  advanced  organization.  The 
structure  of  such  parti)''  organized  polypi  may  resemble  fibrous  or  myxo- 
matous tissue,  and  hence  they  have  been  termed  fibromatous  and 
myxomatous  polypi  respectively.  An  endothelial  covering  is  sometimes 
demonstrable,  and  calcareous  infiltration  may  be  in  an  early  stage  or  even 
advanced. 

The  most  important  division  of  thrombi  is  simple  or  bland,  and 
infected  or  infective,  the  former  including  the  aseptic  thrombi,  containing 
no  bacteria,  the  latter  terms  being  applied  to  thrombi  in  which  bacteria 
are  present,  hence  infected  thrombi.  A further  division  of  infected  thrombi 
has  been  proposed.  It  is  suggested  that  the  term  septic  thrombi  be 
applied  to  those  in  which  organisms  of  suppuration  are  present,  and 
the  term  putrid  thrombi  to  those  that  contain  bacteria  of  decomposition. 
The  fact  that  the  bacteria  of  decomposition  may  be  present  alone  of 
associated  with  organisms  of  suppuration  deprives  such  a division  or 
much  of  its  theoretic  value. 

Thrombi  are  sometimes  called  arterial  or  venous,  and,  under  the 
latter,  a separate  form  is  named,  dependent  upon  its  location  in  a distinct 
venous  system — portal  thrombi. 

Causes. — The  essential  exciting  cause  of  a thrombus  is  that  process 
terminating  in  coagulation  of  the  blood.  Other  causes  are:  Any 

body  within  the  circulation,  not  covered  by  endothelium,  leading  to 
attachment  of  blood-platelets  and  to  the  subsequent  formation  of  a 
clot  or  thrombus;  roughening  of  the  vascular  wall,  as  observed  in  atheroma; 
slowing  of  the  circulation,  such  as  occurs  in  partial  occlusion  of  a blood- 
vessel, or  in  complete  obstruction,  as  represented  by  ligation.  It  is 
maintained,  and  probably  justly,  that  a blood-vessel  may  be  ligated  and 
its  lumen  occluded  without  the  intervention  of  a clot.  This  implies  great 
care  in  applying  a ligature,  so  that  it  does  not  injure  the  endothelium. 
When  a blood-vessel  is  ligated  in  its  continuity,  two  thrombi  are  usually 
formed:  one  on  the  cardiac  side,  known  as  the  proximal  thrombus,  and  a 
a second  in  the  blood-vessel,  beyond  the  point  of  ligation,  known  as  the 
distal  thrombus.  It  is  probable  that  complete  or  partial  obstruction  gives 
rise  to  changes  in  the  endothelium  of  the  vessel  wall,  and  this  favors 
the  mural  lodgment  of  leukocytes  and  platelets  and  hence  the 
formation  of  a thrombus.  As  will  be  noted  later,  the  production  of  a 
thrombus  is  not  essential  to  the  obliteration  of  a blood-vessel  in  which 
the  circulation  has  ceased.  Indeed,  it  is  held  by  some  authors  that 
thrombosis  interferes  with  the  obliterative  changes  that  normally  lead 
to  the  disappearance  of  a blood-vessel.  Any  alteration  in  the  vessel 
wall  that  injures  the  endothelium  favors  the  development  of  a thrombus. 


266 


GENERAL  PATHOLOGY. 


Chemic  changes  in  the  blood  also  facilitate  the  occurrence  of  thrombosis; 
thrombi  partly  due  to  this  cause  are  seen  in  diphtheria  and  in  adynamic 
conditions  with  very  much  slowed  and  enfeebled  circulation.  Such 
thrombi  are  called  marasmic  thrombi.  Hyperinosis,  such  as  develops 
in  pregnancy,  is  nature’s  method  of  anticipating  hemorrhage,  the  increased 
amount  of  fibrin  favoring  the  arrest  of  bleeding  by  the  development  of 
thrombi.  Hyperinosis  is  not  itself  an  exciting  cause  of  thrombosis,  as 
many  conditions  are  associated  with  an  increase  in  the  amount  of  fibrin- 
forming elements  in  the  blood  without  any  marked  tendency  toward  the 
occurrence  of  thrombosis.  Chemic  changes  leading  to  a thrombus  may 
be  produced  in  the  blood  by  the  injection  of  certain  agents:  e.  g.,  ether. 
Where  a tumor  infiltrates,  comes  in  contact  with,  or  penetrates  a blood- 
vessel, a thrombus  frequently  forms;  if  composed  of  tumor  cells  such  a 
mass  is  called  a neoplastic  thrombus.  A primary  thrombus  favors  the 
development. of  secondary  thrombi.  Mycoses  of  the  blood  may  give  rise 
to  or  follow  thrombosis.  Embolism  often  leads  to  thrombus-formation. 

The  old  discussion  as  to  whether  thrombosis  depended  upon  changes 
in  the  blood,  or  alterations  in  the  vessel  wall,  appears  to  have  been  satis- 
factorily settled.  Bacteria  or  bacterial  products  in  the  circulating 
blood  acting  upon  the  vessel  wall  alter  the  endothelium,  favor  the  deposit 
of  platelets  or  leukocytes,  thereby  forming  a nucleus  upon  which  thrombus 
formation  progresses.  The  studies  of  Eichhorst,  Steiner,  Thayer,  and 
others  have  clearly  established  the  influence  of  infectious  diseases  on  the 
production  of  thrombosis.  Eichhorst  was  able  to  collect  42  instances  of 
thrombus  formation  in  typhus,  40  in  typhoid,  and  19  in  influenza.  He 
believes  that  the  thrombus  formation,  in  certain  instances  at  least,  is  due 
to  bacterial  invasion  by  way  of  the  vasa  vasorum.  Steiner  found  41  in- 
stances of  thrombosis  complicating  pneumonia;  Orlowski  was  able  to  col- 
late 38  cases  in  which  thrombosis  of  the  abdominal  aorta  complicated 
infectious  disease.  Thayer  analyzed  42  cases  of  venous  thrombosis 
occurring  in  the  course  of  typhoid  fever.  Thromboses  of  the  uterine 
sinuses  and  of  the  pelvic  and  saphenous  veins  are  not  infrequently  results 
of  septic  processes  in  the  uterus,  parametrium,  or  pelvic  tissues.  The 
studies  of  Flexner,  Pearce,  and  others  on  the  intra  vitam  agglutination  of 
red  blood-cells  throw  considerable  light  on  the  formation  of  thrombi 
in  hemolytic  processes,  and  it  may  be  possible  that  the  thrombosis  of 
chlorosis  has  a similar  origin.  The  so-called  marantic  thrombi,  long  held 
as  occurring  independently  of  infection,  are  probably  bacterial  in  origin. 
Harris  and  Longcope  found  demonstrable  bacteria  in  34  of  44  studied. 
The  observations  of  Clark  strongly  incline  toward  the  belief  that  trauma 
may  produce  thrombosis  without  the  presence  of  bacteria,  or  at  least  in 
the  absence  of  discernible  infection.  The  extension  of  inflammatory  or 
septic  processes  from  the  perivascular  tissue  is  easily  recognized  as  an 
important  cause  of  thrombosis.  Veins  are  frequently  thrombosed  as  a 
result  of  infection  involving  the  area  in  which  their  branches  are  distrib- 
uted. In  inflammations  and  infections  of  the  appendix,  thrombi  may 
be  propagated  along  the  course  of  the  portal  vessels,  constituting  one  of 
the  important  causes  of  hepatic  abscess  due  to  embolism  from  the  portal 
vein.  In  a like  manner  the  cranial  sinuses  may  be  infected  from  septic 
processes  in  the  contiguous  bone,  particularly  the  middle  ear  and  mastoid. 
Pearce-Gould  calls  attention  to  the  frequency  with  which  thrombosis 
manifests  a tendency  to  relapse,  and  cites  a case  in  which,  during  twenty- 
five  years,  a man  was  invalided,  at  different  periods,  for  six  years  and 
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two  months  on  account  of  thrombosis,  the  origin  of  which  was  obscure. 
Mendel1  believes  that  some  individuals  manifest  a special  tendency  to 
thrombosis,  a condition  he  calls  thrombophilia. 

Thrombus  formation  begins  as  a thromboarteritis,  thrombophlebitis, 
or  thrombosinusitis  with  alteration  of  the  lining  endothelium  of  the  affected 
vessel,  the  deposit  of  platelets,  and  possibly  leukocytes,  followed  by  super- 


Fio.  121. — Termination  op  Aorta,  the  Common  Iliac,  External  and  Internal  Iliacs,  Case  of 
Thrombo-arteritis  due  to  Para-uterine  Inflammation  and  Extension  to  the  Vessels  from 
Adjacent  Tissues. 

A.  Thrombus  in  common  iliac  artery  secondary  to  and  an  extension  from  the  primary  thrombus  in  the 
right  internal  iliac.  B.  Point  of  initial  thrombo-arteritis  with  partial  organization  of  a peripheral  gray 
thrombus;  the  central  more  recent  thrombus  was  red.  Note  the  great  thickening  of  the  artery  and 
periarterial  tissues.  C.  Left  common  iliac  the  seat  of  acute  endarteritis,  upon  which  a thrombus  is 
just  beginning  to  form. 


imposed  fibrin.  The  area  of  attachment  in  the  involved  blood-channel 
depends  upon  the  extent  of  the  endothelial  erosion.  From  its  point  of 
origin  a thrombus  may  be  propagated  in  either  direction,  but  usually  the 
extension  is  farthest  in  the  line  of  the  blood-current. 

1 Munch,  med.  Woch.,  Oct.  19,  1909. 
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Changes  That  a Thrombus  May  Undergo. — The  character  of  the  trans- 
formations observed  in  thrombi  depend  upon  whether  the  process  is 
simple  or  infective.  In  infective  thrombi  the  usual  changes  are  those 
constantly  associated  with  infection : namely,  liquefaction,  softening,  or 
fragmentation  and  other  alterations  that  commonly  accompany  necrosis; 
dislodgment  may  occur.  With  the  exception  of  softening  the  changes  to 
be  considered  in  simple  thrombi  seldom  take  place  in  infected  thrombi. 
The  fragments  of  an  infected  thrombus  become  infected  emboli,  and  lead 
to  dissemination  of  the  infective  material  and  to  its  deposit  in  other 
parts  of  the  body;  besides  this,  infected  thrombi  are  constantly  throw- 


JFig.  122. — Section  through  a Part  op  a Vein  with  Its  Contained  Organizing  Thrombus.  ( Schmaus .) 
W.  Wall  of  vein.  a.  adventia.  m.  Media,  i.  Intima.  V.  Blood-vessel  in  the  wall  of  the  vein.  T.  Thrombus, 
now  largely  composed  of  granulation  tissue,  c,  c,  c.  Young  blood-vessels;  those  near  the  intima  are 
larger  and  more  fully  developed  than  those  extending  into  the  thrombus,  the  latter  being  younger. 

ing  into  the  circulation  bacteria,  or  the  products  of  bacterial  life,  this 
condition  constituting  what  is  known  as  septicemia,  bacteremia,  or  mycosis 
of  the  blood.  When  the  infected  material  contains  pyogenic  organisms, 
the  emboli,  lodging,  give  rise  to  abscesses;  such  abscesses  are  spoken  of  as 
pyemic  or  metastatic,  and  the  disease  is  known  as  pyemia.  Before  the  eluci- 
dation of  the  subject  of  blood-poisoning,  afforded  by  our  knowledge  of 
bacteria  and  infectious  processes,  it  was  presumed  that  matastatic  abscesses 
resulted  from  the  presence  of  pus  in  the  blood;  hence  the  name  pyemia. 
It  is  now  known  that  the  condition  is  due  not  of  necessity  to  the  presence 
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of  formed  pus,  but  to  agents  capable  of  inducing  suppurative  processes 
- — pyogenic  bacteria. 

The  following  changes  may  occur  in  thrombi: 

Dislodgment  occurs  only  rarely.  The  cases  that  the  writer  has 
observed  have  been  from  large  tumors  of  the  uterus,  where  a throm- 
bus had  formed  in  one  of  the  massive  sinuses  of  such  a tumor,  and, 
becoming  dislodged,  had  reached  the  lung  and  blocked  the  larger  ves- 
sels to  that  organ,  leading  to  almost  instant  death.  Dislodgment  of 
a thrombus  is  favored  by  any  sudden  increase  in  the  rapidity  of  the 
circulation,  particularly  when  the  accelerated  current  is  brought  directly 
in  contact  with  the  thrombus;  manipulation  of  the  diseased  part,  or 
even  comparatively  slight  muscular  movement  in  an  affected  limb, 
when  an  extremity  is  involved,  may  detach  a loosely  adherent  thrombus. 
A ball  thrombus,  in  the  left  auricle,  may  become  jammed  into  the  mitral 
orifice. 

Decolorization  is  possible  only  in  the  red  thrombus,  and  is  due  to 
the  gradual  absorption  of  the  coloring-matter  by  the  circulating  blood, 
which  flows  over,  around,  or  through  it,  and  to  the  removal  of  precipi- 
tated coloring-matter  by  phagocytic  cells. 


d 
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Fig.  123. — Transverse  Section  of  a Thrombosed  Blood-vessel  in  Which  Organization  and  Can- 
alization of  the  Thrombus  are  in  Progress. 

a.  Newly  formed  connective  tissue  of  the  thrombus,  b.  Tunica  media,  c.  Tunica  intima.  d.  Young  cell 
infiltrate  of  the  thrombus.  A similar  infiltrate  of  the  coats  of  the  vessels  is  shown  at  /,  /.  e,  e.  Re- 
mainder of  the  not  yet  organized  thrombus,  h.  Developing  canals. 

It  is  difficult,  if  not  quite  impossible,  to  demonstrate  the  occur- 
rence of  resolution;  but  there  can  be  no  doubt  that  the  simple,  non-infected 
thrombus,  due  to  temporary  conditions,  may  be  dissolved  or  may  undergo 
solution  upon  the  removal  of  the  cause. 

Softening  is  not  so  common  in  the  simple  as  in  the  infected  thrombus, 
and  is  usually  due  to  conditions  of  development,  to  the  location  and  size 
of  the  thrombus,  to  autolysis,  and  to  blood  changes  and  infection  that 
militate  against  the  process  of  organization.  When  this  change  occurs 
without  infection,  it  is  termed  simple  softening;  when  bacteria  are  present, 
septic  or  infective  softening.  When  softening  and  disintegration  occur,  the 
fragments,  reaching  the  circulation,  form  simple  or  infective  emboli,  depend- 
ing on  whether  or  not  the  thrombus  contained  viable  organisms;  more 
commonly,  instead  of  softening,  there  is  really  a condition  of  fragmentation, 
in  which  nothing  more  than  the  end  of  a thrombus  is  broken  off. 
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Organization  is  possible  only  in  the  absence  of  infection.  It  may 
occur  in  infected  thrombi  after  the  subsidence  of  infection,  although 
upon  this  point  there  may  remain  some  doubt.  The  conversion  of  a 
thrombus  into  connective  tissue  is  effected  largely  through  the  activity 
of  the  endothelial  cells  of  the  intima.  Before  the  beginning  of  organiza- 
tion considerable  contraction  is  usually  brought  about  by  removal  of 
the  fluids  present  in  the  thrombus,  and  possibly  by  a certain  amount  of 
liquefaction  (autolysis)  and  absorption.  Where  the  thrombus  becomes 
continuous  with  the  intima,  the  endothelium  gradually  extends  over  its 
surface.  From  this  endothelial  covering,  processes  of  young  connective- 
tissue  cells  extend  downward  into  the  thrombus,  forming  capillaries.  A 
similar  proliferation  of  any  viable  endothelium  beneath  the  thrombus  also 
takes  place,  and  young  blood-vessels  from  the  adjacent  nutrient  branches 
are  pushed  forward  into  the  proliferate.  During  the  extension  of  this  em- 
bryonic tissue  formation  further  absorption  and  shrinkage  of  the  thrombus 
occur.  Gradually  the  new  connective  tissue  replaces  the  thrombus  and 
organization  of  the  cicatricial  tissue  is  completed  as  usual.  (See  Process 
of  Repair.)  The  activity  of  the  leukocytes  in  this  process  is  no  longer 
conceded  to  be  important.  With  the  presence  of  infection  large  numbers 
of  leukocytes  may  be  found.  They  are  not,  however,  regarded  as  essen- 
tial elements  in  the  production  of  formative  tissue  through  which  organi- 
zation is  eventually  completed.  The  influence  of  the  organized  body 
upon  the  blood-vessel  depends,  of  course,  upon  the  extent  and  location 
of  the  thrombus  and  upon  the  completeness  with  which  it  occludes  the 
vascular  lumen.  The  effect  of  the  subsequent  cicatricial  contraction  is 
shown  by  the  deformity  that  it  induces,  and  is  particularly  marked  in  the 
organized  thrombi  that  constitute  the  vegetations  on  the  valve  leaflets  in 
endocarditis.  (See  Results  of  Endocarditis.) 

When  a thrombus  forms  in  a slowed  circulation — e.  g.,  of  a dilated 
vein — and  is  attached  to  the  vessel  or  lodged  in  the  sinus  of  a valve, 
infiltration  by  lime  salts — calcification — not  uncommonly  occurs,  pro- 
ducing the  so-called  phleboliths,  or  “ vein  stones" ; arterioliths  and  stone- 
like concretions  attached  to  the  cardiac  walls  or  orifices  are  produced  in  a 
similar  manner;  infiltration  of  lime  salts  is  also  likely  to  occur  in  a throm- 
bus that  is  organizing  or  has  organized. 

Modifications  of  some  of  the  foregoing  conditions  are  occasionally 
considered  as  separate  processes;  thus,  a large  thrombus  may  exhibit 
central  softening,  and  postmortem  or  during  an  operation — e.  g.,  on 
aneurysm — a thrombus  may  be  found  in  which  liquefaction  necrosis 
has  occurred,  converting  the  center  of  the  mass  into  a reddish  or  yellowish 
fluid;  this  was  at  one  time  spoken  of  as  cystic  degeneration  of  a thrombus; 
probably  it  is  an  autolytic  process.  An  attached  thrombus  may  remain 
more  or  less  quiescent  for  a condsiderable  length  of  time,  or  the  changes 
that  it  undergoes  may  be  so  poorly  marked  as  to  be  scarcely  recognizable. 

Results  of  Thrombosis. — These  depend  largely  upon  the  character, 
location,  and  cause  of  the  thrombus  and  upon  the  changes  that  the  throm- 
bus itself  has  undergone;  the  results  due  to  such  changes  suggest  them- 
selves:- e.g.,  an  organizing  or  obstructing  thrombus  may  more  or  less 
fully  occlude  the  blood-vessel;  the  evidence  of  such  occlusion  depends  upon 
whether  the  blood-vessel  is  the  main  trunk  to  a limb  or  one  of  the  less 
important  branches;  again,  if  the  thrombus  form  slowly,  the  collateral 
circulation  may  sustain  the  nutrition  of  the  part.  The  alterations  pro- 
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duced  in  the  blood-vessel  depend  upon  the  changes  that  the  thrombus 
undergoes;  these  also  suggest  themselves  or  have  been  indicated. 

Thrombosis  may  affect  lacteal,  chylous,  and  lymph-vessels,  produc- 
ing alterations  that  are  not  unlike  the  changes  seen  in  blood-channels. 
The  lessened  force  of  the  current  renders  lymphogenous  embolism  infre- 
quent and  obliteration  of  the  vessel  common.  The  process,  although 
rare,  is  sometimes  seen  in  the  thoracic  duct,  and  may  be  due  to  exten- 
sion of  thrombosis  from  the  subclavian  or  jugular  vein.  Tuberculosis 
or  other  infective  disease  and  neoplasms  involving  tissues  around  the 
thoracic  duct  may  extend  through  the  wall  and  be  propagated  from  the 
interior. 


EMBOLISM.1 

An  embolus  is  any  body  transported  by  the  circulating  blood,  and 
capable,  by  reason  of  its  physical  characters,  of  obstructing  the  flow  of 
blood  in  any  part  of  the  vascular  system.  As  Park  states,  the  essential 
element  is  transportation  or  carriage  of  some  solid  or  semisolid  body  in 
the  circulation.  Oil  and  air,  while  not  solid  bodies,  may  be  impacted 
within  the  capillaries,  and  hence  may  constitute  emboli.  The  transporta- 
tion and  lodgment  of  emboli  and  in  part,  at  least,  the  resulting  changes 
constitute  the  process  of  embolism.  Emboli  are  usually  too  large  to  pass 
the  capillaries.  They  may  be  composed  of:  Thrombi  detached  or  in  frag- 

ments. Fragments  of  the  cardiac  valves  or  endocardial  vegetations; 
the  latter  truly  thrombi.  Calcareous  plaques.  Fragments  of  morbid 
growths  tom  from  tumor  masses  that  have  penetrated  a vessel  wall. 
Purely  extraneous  bodies,  such  as  bubbles  of  air,  pieces  of  bone,  or  oil 
globules  that  may  have  gained  ingress  as  a result  of  fracture  or  injury  to 
bone;  extensive  laceration  of  adipose  tissue  may  also  give  rise  to  oil  em- 
bolism. There  are  about  250  cases  of  fat  embolism2  on  record.  It  has 
followed  subcutaneous  injection  of  oil  and  paraffin.  The  most  common 
cause  is  fracture  of  bone.  Engel  has  seen  fat  embolism  of  the  lung  follow 
hepatic  injury.  The  writer  had  an  opportunity  to  observe  a death 
from  fat  embolism  following  excision  of  the  mamma  for  carcinoma; 
the  patient  was  an  unusually  obese  woman,  fifty  years  of  age.  Fat  em- 
bolism may  not  immediately  succeed  injury;  Burger3  has  shown  that  a 
delay  of  ten  days  is  possible.  As  a result  of  trauma,  not  only  fat  but 
fragments  of  tissue  may  enter  the  circulation;  laceration  of  hepatic  tissues 
may  result  in  the  displacement  of  fragments  that,  later,  may  be 
recognized  in  pulmonary  infarcts.  Intoxications  and  infections  may 
be  accompanied  by  agglutination  of  erythrocytes  and  capillary  thrombi; 
many  of  these  induce  results  indistinguishable  from  those  following  capil- 


1 MacCallum,  Amer.  Med.,  March  21,  1903,  p.  452;  Riethus,  Deut.  Zeit.  f.  Chir., 
Bd.  167;  Schloffer,  Beitr.  zur  klin.  Med.,  vol.  xxxvii,  No.  3;  Engel,  Munch,  med. 
Woch.,  June  25,  1901;  Gevele,  Beitr.  zur  klin.  Chir.,  1904,  Bd.  43,  H.  2;  Robin- 
son, Med.  Record,  Jan.  14,  1905;  Greene,  Amer.  Jour,  of  Med.  Sci.,  Dec.,  1904; 
Richter,  Arch.  f.  Gyn.,  1904,  vol.  74,  No.  x;  Oswald,  Zeit.  f.  klin.  Med.,  1904,  Bd. 
S3;  Pe  Quervain,  La  Semaine  M^dicale,  1904,  xiv,  No.  41;  Moynihan  and  Dobson, 
Practitioner,  Oct.,  1904,  p.  538;  Schloffer,  Zeit.  zur  klin.  Chir.,  Bd.  37;  Hodlmoser, 
Zeit.  f.  Heilkunde,  1904,  Bd.  xxv,  H.  5,  p.  109;  Wolf,  Virch.  Arch.,  Dec.  1,  1903, 
Bd.  174,  p.  454;  Schulz,  Inaug.  Diss.,  Berlin,  1903;  Welch,  Allbutt  and  Rolleston’s 
System  of  Medicine,  vol.  vi,  1909,  p.  691. 

2 Graham,  Jour.  Med.  Research,  July,  1909. 

3 Vierteljahrsch.  f.  gerichtl.  Med.  u.  offentl.  Sanitatswesen,  Bd.  xxix,  1910. 
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lary  embolism,  justifying  the  term  autochthonous  embolism.  Coca1  be- 
lieves that  sudden  death  sometimes  following  intra venous  injection  of  foreign 
corpuscles,  is  due  to  agglutination  and  the  formation  of  erythrocytic 
emboli.  Schloffer  records  instances  in  which  bullets  entering  the  heart 
or  great  vessels  have  been  carried  along  with  the  blood-stream,  and  have 
occluded  vessels.  Although  great  importance  has  been  given  to  air 
embolism2  as  a cause  of  death  it  has  been  shown  by  a number  of  observers 
that  the  danger  has  been  exaggerated.  From  20  c.c.  to  200  c.c.  of  air 
may  enter  the  circulation  without,  in  some  cases,  serious  embarrassment ; the 
quantity  is  probably  of  much  less  importance  than  the  suddenness  with 
which  the  gas  is  admitted.  The  cause  of  death  in  air  embolism  has  been 
attributed  to  (1)  accumulation  in  the  right  ventricle  which,  by  con- 
traction on  the  elastic  gas,  fails  to  advance  the  blood,  (2)  increased  pul- 
monary resistance  from  air  emboli  in  the  lungs,  (3)  emboli  in  the  brain, 
systemic  distribution  of  the  gas,  (4)  cerebral  anemia  from  lowered  blood- 
pressure  without  brain  embolism.  It  is  not  probable’  that  any  single 
explanation  applies  to  all  cases;  no  doubt  the  fatal  result  often  depends 
on  the  action  of  more  than  one  of  the  possibilities.  In  caisson  disease3 
gas  emboli  are  liberated  extensively  and  the  symptoms  and  fatal  issue  must 
bejiue  to  changes  occurring  in  the  peripheral  circulations  (pulmonary 


Fig.  124.' — -Branch  of  Pulmonary  Artery  Containing  Sarcoma  Cells  from  a Case  of  Wide-spread 
Dissemination  of  a Tumor  Primary  in  the  Subcutaneous  Tissue  of  the  Thigh. 

A.  Sarcoma  cells.  B.  Polymorphonuclear  leukocyte.  There  is  some  irregularity  in  the  size  and  shape 
of  the  red  cells  due  to  the  associated  secondary  anemia. 


and  systemic)  especially  in  the  central  nervous  system.  Certain  parasites, 
such  as  the  echinococcus,  are  transported  by  the  circulating  blood. 
Emboli  may  be  almost  purely  bacterial,4  derived  from  thrombi  in  which 
bacteria  are  most  abundantly  present,  or,  possibly,  composed  of  masses 
resulting  from  growths  in  circulating  blood  or  from  agglutination. 

Thrombi  and  emboli  are  sometimes  spoken  of  as  (1)  arterial,  (2) 
venous,  or  (3)  capillary;  multiple;  miliary;  traumatic;  neoplastic,  arising 
from  tumors;  specific  and  non-specific;  simple  and  malignant;  these  terms 
require  no  definition. 

Occasionally,  an  embolus  arising  in  the  venous  system  passes  directly 
from  the  right  to  the  left  side  of  the  heart,  through  a defect  in  the  septum 
between  the  auricles  or  ventricles,  in  which  case  it  is  spoken  of  as  a 
paradoxic  or  crossed  embolus.  In  very  rare  instances,  as  a result  of 

1 Virch.  Arch.,  Bd.  196,  190c). 

2 Greene,  Ainer.  Jour.  Med.  Sci.,  Dec.,  1904. 

3 See  Caisson  Disease,  p.  28. 

4 Strueff,  Virch.  Arch.,  Bd.  198,  1909. 
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sudden  alterations  in  the  blood-pressure  affecting  only  one  area,  emboli 
may  float  backward  in  the  venous  stream,  producing  what  is  known  as 
recurrent  embolism,  or  they  are  called  retrograde  emboli.  This  was,  at 
one  time,  assumed  to  explain  certain  abscesses  of  the  liver,  which  are  now 
known  to  be  due  to  emboli  arising  in  the  portal  system. 

The  most  important  classification  of  emboli  is  the  division  into  simple 
and  infective,  the  terms  having  the  same  meaning  as  already  given  when 
considering  thrombi. 

Changes  Induced  by  an  Embolus. — An  embolus  floats  along  in  the 
blood-stream  until  it  reaches  the  bifurcation  of  a blood-vessel,  either 
branch  of  which  is  too  small  to  transmit  the  mass,  or  until  it  enters  a vessel 
the  progressive  narrowing  of  which  soon  leads  to  its  impaction ; it  obstructs 
or  arrests  the  stream,  and  commonly  leads  to  the  formation  of  a thrombus; 
the  blood-supply  transmitted  by  the  occluded  vessel  is  arrested,  and  the 
area  beyond  suffers  from  the  altered  circulatory  conditions.  The  changes 
that  take  place  in  the  affected  area  vary  in  degree,  and  are  greatly  in- 
fluenced by  a number  of  factors,  among  which  may  be  mentioned  the 
character  and  size  of  the  embolus,  the  functional  importance  of  the  tissue 
involved,  the  presence  or  absence  of  an  abundant  collateral  circulation, 
and  the  possibility  of  secondary  infection  or  of  a primary  infection  in  a 
simple  necrotic  area.  With  regard  to  the  character  and  size  of  the 
embolus,  it  may  be  said  that,  as  a rule,  massive  emboli,  such  as  dislodged 
thrombi  of  considerable  size,  are  likely  to  obstruct  the  circulation  of  an 
area  that  may  be  sufficiently  large  at  once  to  induce  alarming  symptoms 
or  immediately  fatal  results.  Thus,  emboli  of  considerable  size — massive 
emboli — thrust  into  the  pulmonary  artery  may  lead  to  almost  instantaneous 
death.  For  the  production  of  this  result  it  is  not  necessary  that  the 
circulatory  arrest  depend  upon  the  occlusion  of  a large  trunk;  the  scatter- 
ing of  a considerable  number  of  small  emboli  (an  embolic  shower ) brings 
about  exactly  the  same  result.  The  shape  of  an  embolus  may  be  such  as 
only  partly  to  obstruct  a blood-vessel,  and  therefore  not  at  once  to  cut  off 
nutrition  to  the  area  beyond.  Soft  emboli  plug  vessels  more  completely 
than  the  more  solid  ones,  which  do  not  so  readily  mold  themselves  to  the 
vessel  lumen. 

The  functional  importance  of  the  tissue  involved  scarcely  merits  more 
than  mention.  Thus,  it  will  be  evident  that  a small  embolus  involving 
cutaneous,  subcutaneous,  or  allied  structures  may  induce  so  little  change 
as  to  escape  detection,  while  an  embolus  of  the  same  size  involving  either 
the  coronary  artery  or  a cerebral  area  presiding  over  functions  of  great 
importance  might,  in  either  case,  cause  immediate  death.  The  suddenness 
with  which  symptoms  manifest  themselves  also  depends  to  a certain  extent 
upon  the  importance  of  the  tissue  involved.  The  possibility  of  at  once 
establishing  sufficient  collateral  circulation  to  supply  nutrition  to  the  area 
determines,  to  a large  degree,  the  character  of  subsequent  changes.  With 
the  sudden  stoppage  of  circulation  the  distal  portion  of  the  artery  empties 
itself  of  blood,  and  an  area  of  ischemia  is  thereby  induced.  Sudden  and 
persistent  diminution  in  the  intracapillary  pressure  favors  the  influx  of 
blood  from  adjacent  capillaries  whose  contained  blood  is,  as  a matter 
of  course,  directed  in  the  line  of  least  resistance.  Coincident  with  the 
changes  just  mentioned  dilatation  of  anastomosing  or  collateral  arteries 
occurs,  increasing  the  amount  of  blood  traveling  through  those  vessels. 
When  the  anastomosis  between  the  artery  involved  and  the  arteries 
whose  circulation  still  remains  intact,  is  sufficiently  free,  there  is  quickly 
18 
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formed  a circulation  adequate  to  maintain  nutrition  in  the  previously 
ischemic  area.  With  the  establishment  of  sufficient  collateral  circulation 
the  nutrition  and  function  of  the  area  may  be  resumed,  while  changes 
that  take  place  in  the  lodged  embolus  may  be  practically  those  already 
considered  when  discussing  the  changes  to  which  a thrombus  is  liable. 

In  the  absence  of  a sufficient  circulation  in  the  area,  degenerative  or 
necrotic  processes  occur.  In  the  brain,  in  the  spleen,  and,  to  a certain 
extent,  in  the  kidney,  there  is  not,  beyond  a given  point,  a liberal  anastomo- 
sis between  the  blood-vessels  of  adjacent  areas.  Such  blood-vessels  are 
said  to  be  terminal ; this  implies  that  the  tree-like  branches  given  off  by  one 
vascular  stem  do  not  communicate  freefw  with  similar  branches  of  adjacent 


Fig.  125. — Scheme  Illustrating  the  Formation  of  an  Anemic  Infarct  by  Obstruction  of  a Terminal 

Artery.  ( Chantemesse  and  Podwyssotsky.) 

a,  Embolus  occluding  artery,  b,  Branch  of  trunk  given  off  above  embolus,  c,  Artery  of  small  caliber 
supplying  the  tissues  adjacent  to  those  nourished  by  the  occluded  artery,  with  the  capillaries  of  which 
there  is  scanty  anastomosis,  d,  Vein  draining  the  affected  area.  The  bracket  from  the  letter  e 
indicates  boundaries  of  the  anemic  or  white  infarct.  /,  Zone  lying  between  the  anemic  infarct  and 
adjacent  tissue;  in  the  outer  margin  of  this  area  the  process  of  repair  is  inaugurated,  or,  if  the  infarct 
has  been  due  to  an  infected  embolus,  it  is  at  this  point  that  the  contest  between  infection  and  living 
tissues  will  be  most  active. 


vessels.  The  plugging  of  such  vessels  is  followed  by  death  (necrosis)  of 
the  area  involved,  which  is  now  called  an  infarct.  When  the  area  remains 
ischemic  (anemic  or  white  infarct),  the  uncomplicated  necrotic  process 
presents  the  changes  already  described  when  considering  coagulation 
necrosis.  The  area  is  wedge-shaped  on  section — truly  cone-shaped, 
with  the  apex  of  the  cone  corresponding  to  the  point  of  embolic  obstruc- 
tion and  the  base  directed  toward  the  surface  of  the  organ.  This  typical 
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cone  shape  is  greatly  modified  by  the  presence  of  even  a moderate  degree  of 
anastomosis  at  the  periphery,  and  in  large  infarcts,  or  when  multiple 
infarcts  join,  it  may  not  be  present.  The  consistence  of  the  tissue  depends 
upon  the  amount  of  coagulable  material  present.  When  the  necrotic 
area  has  been  infiltrated  with  lymph  from  the  adjacent  tissue,  the 
swelling  and  increased  density  may  be  conspicuous.  If  the  area  be  very 
large,  the  center  may  undergo  fatty  degeneration  (probably  liquefaction 
necrosis,  or  it  may  be  autolysis)  and  soften*  converting  it  into  a cyst; 
when  liquefaction  necrosis  has  followed  the  coagulative  processes,  the 
fluid  can  be  absorbed  and  cicatrization  may  ensue.  When  the  area  is 
smaller,  repair  not  uncommonly  takes  place.  Proliferation  of  the  con- 


f 


Fig.  126. — Scheme  Illustrating  the  Formation  of  a Hemorrhagic  Infarct  as  a Result  of  Ob- 
struction in  a Terminal  Artery.  ( Chantemesse  and  Podwyssotsky.) 
a.  Embolus  occluding  the  artery,  b,  Branch  of  artery  given  off  above  embolus,  c,  Artery  supplying  part 
of  the  contiguous  tissue,  the  capillaries  of  which  are  continuous  with  those  of  the  occluded  vessel. 
d,  Vein  draining  the  affected  area;  as  a result  of  the  arterial  occlusion  and  fall  of  pressure  in  the  branches 
supplied  by  the  plugged  artery  there  may  be  a slight  afflux  of  blood  from  the  vein,  as  indicated  by 
the  arrows  on  the  right,  f,  Base  of  conical  infarct  which  on  section  is  wedge-shaped. 


nective-tissue  elements  occurs,  resulting  in  the  production  of  embryonic 
tissue  and  finally  in  cicatrization ; into  this  lime  salts  may  be  infiltrated. 

During  the  progress  of  the  necrotic  processes  the  resistance  of  tissue 
to  infection  is  greatly  reduced,  and  not  infrequently  an  infarct,  resulting 
from  a simple  embolus,  may  develop  suppuration.  If  the  necrosis  is  so 
situated  as  to  offer  favorable  opportunities  for  infection,  the  chances  of 
its  occurrence  are  greatly  increased. 

The  foregoing  description  applies  to  the  anemic  infarct  and  to  the 
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process,  spoken  of  as  anemic  infarction.  In  some  instances,  after  a vary- 
ing period  of  anemia  the  capillaries  of  an  ischemic  area  become  over- 
distended with  blood,  admitted,  for  the  most  part,  through  adjacent 
communicating  capillaries,  or,  slightly,  if  at  all,  by  venous  regurgitation; 


Fig.  127. — Part  op  Spleen  the  Seat  of  Multiple  Anemic  Infarcts. 

from  the  congested  capillaries  extravasation  of  blood  into  the  connective 
tissue  occurs,  and,  in  addition  to  the  coagulation  necrosis  in  progress  in  the 
cellular  elements  of  the  area,  a further  fibrinous  matting  together  results 
from  the  associated  hemorrhagic  infiltration.  The  resulting  change  con- 


Fig.  128. — Kidney.  Multiple  Anemic  Infarcts. 
Case  of  ulcerative  endocarditis. 


stitutes  a hemorrhagic  infarct,  and  the  process  terminating  in  its  forma- 
tion is  known  as  hemorrhagic  infarction.  The  shape  of  the  area  is  not 
altered  by  the  occurrence  of  hemorrhagic  infiltration.  The  swelling,  how- 
ever, is  more  marked;  the  color  is  dark  red,  at  times  almost  black;  and  the 
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density  is  greatly  increased  by  the  presence  of  the  coagulated  blood.  The 
subsequent  changes  are  the  same  as  those  occurring  in  areas  of  anemic 
infarction. 

It  has  been  held  that  an  anemic  or  white  infarct  is  but  a later  stage  of 
the  hemorrhagic  form  and  that  it  depends  upon  the  removal  of  blood 
coloring-matter  from  the  latter.  It  is  possible  that  such  a change  occurs, 
and  that  the  results  of  the  two  processes  may  be  the  same ; but  certain  in- 
farcts are  clearly  anemic  from  the  beginning,  and  others  are  hemorrhagic 
early  in  their  development. 

The  changes  revealed  by  the  histologic  examination  of  the  necrotic 
tissue  will  not  be  exactly  the  same  in  different  stages  of  the  process. 
They  are  practically  those  already  mentioned  when  considering  coagu- 
lation necrosis.  (See  p.  243.) 

In  emboli  containing  bacteria  (infective  emboli),  and  in  those  con- 
taining the  specific  cellular  elements  of  tumors  (neoplastic  emboli),  arrest 


Fig.  129. — Lung,  Hemorrhagic  Infarct  (Natural  Size). 

A.  Pleura.  B.  Small  infarct  centrally  placed.  The  large  infarct  shows  the  elevation  of  the  pleura,  the 
hemorrhagic  suffusion  of  the  central  area,  and  the  periphery  of  inflammatory  hyperemia. 

is  followed  by  the  development  of  the  morbid  process  whose  etiologic 
factor  they  transmit.  If  the  embolus  contains  pyogenic  organisms,  an 
abscess  is  engendered;  by  reason  of  the  constant  presence  of  these  abscesses 
in  pyemia,  they  have  long  been  known  as  pyemic  abscesses.  As  such  ab- 
scesses appeared  to  change  their  location,  they  were  called  metastatic 
abscesses.  Emboli  containing  tubercle  bacilli  induce  tuberculosis  at  their 
point  of  lodgment.  It  is  probable  that  amebic  abscesses  in  the  liver  are 
due  to  emboli  containing  amebae  brought  from  the  intestinal  lesion.  A 
tumor  infiltrating  the  wall  of  a blood-vessel,  particularly  a vein,  may  have 
swept  into  the  circulation  small  fragments  that  projected  into  the  blood- 
stream— neoplastic  emboli — and  these,  in  turn,  arrested  in  the  distant 
capillary,  may  resume  their  growth  and  give  rise  to  a secondary  tumor 
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nodule,  or  metastatic  growth.  From  the  infected,  parasitic,  and  neoplastic 
emboli  secondary  thrombi  may  form,  from  which,  again,  additional  emboli 
may  be  broken  off  to  continue  the  process  of  dissemination.  When  de- 
posited upon  septa  of  bifurcating  vessels,  orifices  of  branches  or  other 
suitable  points,  emboli  containing  bacteria  may,  by  inducing  an  infective 
endarteritis,  give  rise  to  softening  of  the  vessel  wall  and  finally  ectasia — 
a condition  called  embolomycotic  aneurysm.1 

1 Lewis  and  Schrager,  Jour.  Amer.  Med.  Assoc.,  Nov.  27,  1909. 


CHAPTER  XII. 


INFLAMMATION  AND  REPAIR. 

INFLAMMATION.1 

Probably  the  most  acceptable  definition  of  inflammation  is  that  given  by 
Park,  which  is,  as  he  states,  a modification  of  one  suggested  by  Sutton: 
“Inflammation  is  an  expression  of  the  effort  made  by  a given  organism  to 
rid  itself  of  or  to  render  inert  noxious  irritants  arising  from  within  or  intro- 
duced from  without.” 

Etiology. — As  just  indicated,  inflammation  is  ordinarily  produced  by 
irritation  or  injury.  The  forms  that  these  factors  may  assume  are  mani- 
fold, and  any  attempt  to  enumerate  the  various  etiologic  elements  leading 
to  inflammatory  manifestations  would  lead  far  beyond  the  contemplated 
scope  of  the  present  article.  The  surgical  tendency  to  consider  inflamma- 
tion as  always  the  result  of  infection  can  scarcely  be  considered  justifiable. 
After  all,  infection  acts  only  by  destroying  the  cells  or  irritating  them  by  the 
noxious  products  of  bacteria.  It  is  true  that  bacteria  are  the  most  fre- 
quent irritants,  and  that  a large  percentage  of  the  inflammatory  processes 
arises  as  a result  of  bacterial  activity.  Bacteria  or  their  products  destroy 
or  irritate  the  cells,  and  manifest  a peculiar  action  upon  the  fixed  and  mi- 
gratory cells  of  the  economy,  thereby  inducing  inflammatory  processes 
more  or  less  constant  for  each  particular  species  of  organism.  The  activ- 
ity of  the  inflammatory  processes  induced  by  bacteria  depends  upon  one  of 
two  factors:  (i)  the  pathogenic  power  of  the  germ  in  question;  (2)  the  de- 
gree of  susceptibility  of  the  tissues.  As  an  example  of  the  first  condition 
it  will  be  noted  that  if  the  two  ears  of  a rabbit  be  inoculated  with  the  an- 
thrax bacillus  or  with  the  streptococcus  pyogenes,  using  germs  that  are 
somewhat  attenuated  in  one  ear,  and  a more  virulent  organism  for  the 
other,  there  will  be  a decided  difference  in  the  local  reaction  as  manifested 
in  the  two  organs.  Many  experiments  conducted  along  this  line  have  led 
to  conclusive  proof  that  the  pathogenicity  determines  to  a large  degree  the 
activity  of  the  ensuing  inflammatory  process.  The  importance  of  the 
second  factor  in  the  production  of  inflammation  is  equally  well  established. 
The  susceptibility  of  the  tissues  may  be  augmented  by  reduced  vitality, 
associated  irritation,  by  the  absence  of  immunity,  either  inherited  or  ac- 
quired, and  by  circulatory  disturbances,  or  certain  perversions  of  the 
nervous  system.  The  susceptibility  of  an  animal  to  a given  infection 
undoubtedly  varies  at  different  times — a fact  well  shown  by  the  occurrence 
of  severe  inflammatory  processes  after  most  trifling  injuries,  which,  under 
other  conditions,  apparently  give  rise  to  little  disturbance. 

Injury  to  tissue,  whether  it  be  mechanical,  chemic,  or  thermal, 
is  followed  by  the  occurrence  of  the  phenomena  of  inflammation ; the  extent 
and  severity  of  the  inflammatory  process  depend  upon  a number  of  asso- 

1 Klemensiewicz,  Die  Entziindung,  Jena,  1908;  Adami,  Inflammation : An 
Introduction  to  the  Study  of  Pathology,  1907 ; Muir,  Glasgow  Med.  Jour.,  Nov., 
1909;  Opie,  Arch.  Intern.  Med.,  June  15,  1910,  p.  541. 
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dated  factors.  As  just  indicated,  infection  truly  represents  a chemic 
injury  to  the  tissue,  the  noxious  irritant  being  the  specific  product  of  the 
infecting  organism.  Inflammation  may  be  induced  by  the  injection  of 
bacterial  products  without  the  presence  of  bacteria.  Here  the  tissues 
are  dealing  with  chemic  bodies  alone.  As  further  evidence  of  the  phlo- 
gistic power  possessed  by  chemic  bodies  may  be  cited  the  inflammation 
induced  by  the  subcutaneous  introduction  of  calomel,  turpentine,  croton 
oil,  and  similar  irritants.  That  such  inflammations  are  not  purely  of 
experimental  production  is  established  by  their  occurrence  after  the  use  of 
powerful  antiseptics  in  too  concentrated  a form.  There  can  be  no  doubt 
that  the  abundant  use  of  mercurial  solutions  in  wounds — a frequent 
procedure  in  early  antiseptic  surgery — led  to  necrosis  of  a large  number  of 
cells  and  to  the  occurrence  of  a certain  degree  of  inflammation.  Recogniz- 
ing this,  surgeons  have  adopted  asepsis  whenever  possible.  Even  in  in- 
fected areas  abundant  flushing  with  sterile  fluids  has  been  found  to 
be  attended  with  less  local  reaction  than  the  use  of  even  mild  antiseptics. 
In  a comparatively  frequent  form  of  conjunctival  inflammation  in 
the  new-born,  evidently  the  cause  has  not  been  alone  the  microorganism 
usually  present  (gonococcus),  but  the  vigorous  use  of  agents  directed 
toward  its  destruction.  In  this  instance  and  in  those  previously  given 
the  inflammation  arises  as  the  result  of  cell  destruction  brought  about 
by  agents  directed  toward  the  prevention  of  infection  or  toward 
the  removal  of  existing  organisms.  The  destruction  of  tissue  and 
the  production  of  exudates  by  chemic  agents  is  further  illustrated 
by  the  tissue  reactions  resulting  from  the  application  of  so-called 
counterirritants,  such  as  mustard,  cantharides,  turpentine,  and  chlo- 
roform, all  of  which  induce  an  inflammatory  response.  Wounds  of 
all  kinds  involve  destruction  of  a varying  number  of  cells  and  injury  to 
others.  The  wound  made  by  the  sharpest  instrument  is  marginated  by  a 
layer  of  lacerated  cells.  The  more  extensive  the  wound,  the  greater  the 
number  of  cellular  elements  involved;  and,  of  course,  injuries  made  by  dull, 
tearing,  vulnerating  bodies  contain  more  lacerated  cells  than  wounds  of 
like  extent  made  by  sharp,  clean-cutting  instruments. 

It  will  be  observed  that  the  whole  list  of  inflammatory  causes  embraces 
at  every  turn  the  destruction  of  cells.  The  destroyed  cells  at  once  become 
irritants  and  induce  inflammation  in  the  adjacent  viable  tissues.  The 
simple  aseptic  inflammatory  reactions  differ  from  the  septic,  in  that  the 
latter  contain  destructive  agents  that  are  constantly  increasing,  and, 
hence,  the  inflammatory  processes  seen  in  wounds,  made  under  aseptic 
conditions,  are  but  trifling  as  compared  with  the  extensive  inflammations 
following  destruction  of  tissue  associated  with  the  introduction  of  in- 
fective agents  that  themselves  further  extend  and  perpetuate  the  cell 
necrosis  and  actively  antagonize  the  process  of  repair.  For  this  reason 
the  surgeon  has  been  led  to  regard  repair  as  dissociated  from  inflammation, 
and  to  say  that  aseptic  wounds  heal  without  inflammatory  phenomena. 
The  pathologist  must,  however,  recognize  that  all  tissue  injuries  are  attended 
by  a certain  amount  of  cell  destruction,  and  that  the  effort  made  by 
the  tissues  to  rid  themselves  of  the  dead  elements  constitutes,  in  a certain 
way,  a part  of  the  reparative  process.  Still,  with  this  admission  before  us, 
it  is  necessary  to  remember  that  the  essential  phenomena  of  inflammation 
and  the  essential  phenomena  of  repair  are,  to  a certain  extent,  dissimilar. 
Inflammation  is  attended  by  cell  necrosis  and  degeneration;  and  repair  by 
cell  proliferation  and  regeneration.  The  possible  admixture  of  the  two 
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processes  cannot  be  gainsaid.  Of  course,  the  same  cellular  elements  at  a 
given  point  are  not  evincing  both  processes,  but  one  may  be  in  close 
proximity  to  the  other.  The  periphery  of  an  inflammatory  area  nearly 
always  shows,  in  the  absence  of  rapid  extension,  a marginal  zone  of  re- 
parative effort.  Were  the  effort  at  repair  to  remain  quiescent  until  inflam- 
mation had  terminated,  repair  would  probably  become  an  impossibility. 

Morbid  Anatomy. — The  lesions  to  be  studied  in  inflammation  are: 
The  changes  in  the  blood-vessels;  intravascular  changes,  or  those  occurring 
in  the  vessel  contents;  and  changes  in  the  perivascular  tissues. 

Changes  in  the  Blood-vessels. — These  can  be  observed  in  any  vascular, 
transparent  membrane,  such  as  the  tongue,  mesentery,  or  web  of  the  hind 
foot  of  a frog  or  the  mesentery  of  a suitable  warm-blooded  animal.  If 
such  transparent  tissues  be  so  arranged  as  to  permit  examination  under 
the  microscope,  the  following  changes  are  observed: 

At  the  beginning  of  the  examination  the  normal  capillary  presents 
itself  as  a transparent  tubule,  within  which  can  be  seen  the  circulating 
blood.  As  a rule,  the  application  of  an  irritant  is  not  necessary;  expo- 
sure to  the  air,  with  the  associated  trauma  incident  to  the  arrangement 
of  the  tissue,  usually  brings  about  the  modifications  to  be  observed.  In 
other  instances,  as  in  the  web  of  a frog’s  foot,  it  may  be  necessary  to  snip 
off  with  the  scissors  a thin  layer  of  the  epithelial  covering,  carefully  avoid- 
ing any  wound  to  the  underlying  blood-vessels.  The  blood-vessels  at  once 
contract,  and  at  the  same  time  the  current  is  markedly  accelerated;  this 
phenomenon  is  of  brief  duration,  often  persisting  but  a moment,  and  within 
the  first  hour  after  the  injury  the  brief  period  of  contraotion  is  usually 
followed  by  beginning  dilatation.  At  first  the  dilatation  is  regular;  it  then 
becomes  varicose,  and,  in  more  marked  cases,  saccular  projections  of  the 
capillary  wall  may  be  observed.  Capillaries  at  first  not  recognizable,  or 
at  least  not  transmitting  blood,  dilate  and  become  more  or  less  distended. 
A similar  dilatation  of  the  arterioles,  and  particularly  of  the  venules,  is 
also  seen.  The  changes  so  far  observed  are  probably  due  to  increased 
capillary  tension  and  to  the  influence  of  the  noxious  agents  directly  upon 
the  vessel  wall.  The  rise  in  capillary  tension  is  probably  brought  about 
by  relaxation  of  the  arterioles  through  which  the  blood-supply  to  the  part 
is  admitted.  The  increased  amount  of  blood  present  in  the  area  is  evident 
to  the  unaided  eye.  It  is  not  possible  at  this  stage  to  recognize  any  struc- 
tural alteration  in  the  cells  that  compose  the  capillary  wall,  nor  any  sepa- 
ration of  the  endothelial  plates.  A study  of  properly  fixed  preparations 
usually  shows  that  the  endothelial  cells  are  swollen,  and,  when  the  process 
has  lasted  for  any  length  of  time,  there  is  not  uncommonly  evidence  of 
degeneration  or  proliferation,  depending  upon  the  activity  of  the  noxious 
agent. 

Changes  in  the  Blood  and  Blood-current;  Intravascular  Changes. — 
Before  the  manifestation  of  inflammatory  phenomena  the  stream  within 
the  capillary  comprises  two  distinguishable  strata;  (a)  An  axial  stream, 
in  which  the  corpuscular  elements  of  the  blood  are  most  abundant  and 
therefore  spoken  of  as  the  corpuscular  stream;  ( b ) a circumferential  or 
parietal  stream,  consisting  of  blood-plasma,  and  hence  called  the  plas- 
matic stream.  During  the  period  of  acceleration — a period  that  corre- 
sponds to  the  contraction  and  beginning  dilatation  of  the  capillaries — 
these  two  clearly  differentiated  divisions  of  the  capillary  contents  are 
easily  recognized.  With  further  dilatation  and  beginning  slowing  of  the 
current  the  axial  stream  widens  and  the  plasmatic  stream  grows  corre- 
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spondingly  thinner.  Within  the  first  hour  or  so  the  narrowing  of  the  plas- 
matic stream  becomes  marked,  and  instead  of  remaining  clear,  it  contains  a 
progressively  increasing  number  of  leukocytes.1  At  first  these  leukocytes 
roll  along  the  vessel  wall ; later,  they  become  attached  at  some  point  and  hang 
off  into  the  slowing  stream  as  pear-shaped  bodies,  the  small  end  of  the 
pear  corresponding  to  the  point  of  attachment.  The  margination  of  the 
leukocytes  is  conspicuous  in  the  small  veins,  but  the  size  of  even  the 
larger  dilated  capillaries  does  not  render  demonstration  easy.  As  the 
dilatation  of  the  blood-vessel  becomes  more  marked  there  is  poured  out 
into  the  perivascular  tissues  a fluid  derived  from  blood-plasma;  this  fluid 
constitutes  the  liquid  exudate.  Along  with  this,  certain  of  the  leukocytes, 
as  the  result  of  ameboid  movement,  pass  through  the  vessel  wall  and  reach 
the  perivascular  tissues.  During  the  dilatation  of  the  blood-vessel  the 
blood-current  becomes  slower  and  slower,  the  corpuscles  manifesting  a slight 
progression  only  with  each  heart-beat,  and  eventually  the  collected  mass 
of  cells  oscillates  in  the  capillary  lumen;  finally,  this  oscillation  is  arrested, 
and  stasis  or  stagnation  occurs.  Before  this  final  stage  the  differentiation 
into  the  axial  and  peripheral  streams  has  disappeared,  and  the  cellular 
contents  of  the  vessel  appear  to  occupy  the  entire  lumen.  With  the 
occurrence  of  stasis  many  of  the  red  corpuscles  at  points  arrange  them- 
selves in  columns  composed  of  cells  piled  upon  one  another  like  superim- 
posed coins  (rouleaux).  Migration  of  the  leukocytes  continues,  and  most  of 
these  cells  present  in  the  stagnant  blood  move  toward  the  periphery  and 
eventually  reach  the  perivascular  tissues.  In  properly  fixed  specimens 
the  leukocytes  can  be  seen  in  various  stages  of  diapedesis.  At  first  a pseu- 
dopod is  projected  through  the  capillary  wall,  appearing  on  the  exterior 
as  a small,  roundish,  knob-like  protuberance.  The  extravascular  portion 
of  the  cell  increases  in  size  by  the  more  fluid  protoplasm  flowing  through 
the  narrowed  portion  into  the  extravascular  projection.  Finally,  the 
nucleus  passes  through,  and  apparently  the  solution  in  the  continuity 
of  the  vessel  wall  disappears.  After  the  migration  of  the  leukocytes  and 
the  lessening  of  the  intracapillary  tension  by  pouring-out  of  the  exudate, 
resumption  of  circulation  may  at  times  be  observed. 

To  a certain  extent  the  character  of  the  irritant  determines  the  form 
of  leukocyte  most  abundant  in  the  exudate.  In  many  of  the  infections, 
and  particularly  in  pyogenic  infection,  the  polymorphonuclear  leukocyte 
(finely  granular  oxyphile  cell  or  microphagocyte)  is  abundant.  In  other 
inflammatory  conditions  the  hyaline  cell  (macrophagocyte)  is  most 
numerous.  The  dominant  cell  may  be  the  small  mononuclear,  or  lympho- 
cyte; rarely  eosinophiles  are  present  in  a considerable  number.  Exactly 
what  factors  determine  the  occurrence  of  one  or  the  other  of  these  cells 
will  be  discussed  more  fully  presently.  It  would  seem,  however,  that  in 
the  more  acute,  and  particularly  in  the  suppurative,  inflammatory  con- 
ditions, as  already  stated,  the  microphagocyte  (polynuclear)  is  the 
cell  that  responds  to  the  chemotactic  influence  exerted  by  the  irritant; 
in  the  more  chronic  lesions,  with  less  active  irritants,  the  macrophagocyte 
is  in  excess.  It  is  not  possible  to  affirm,  however,  with  any  degree  of 
definiteness,  in  the  present  stage  of  our  knowledge,  exactly  what  conditions 
determine  the  presence  of  one  or  the  other  of  these  phagocytes. 

1 Before  attempting  to  follow  the  various  steps  of  migration  and  the  functions  of 
the  leukocytes  in  inflammatory  and  reparative  processes,  the  reader  is  advised  to 
familiarize  himself  with  the  table  describing  and  differentiating  the  leukocytes. 
(See  Chapter  I of  Part  II.) 
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As  to  the  causes  leading  to  the  occurrence  of  migration  and  to  the 
development  of  the  exudate,  two  views  have  been  held.  It  was  long 
maintained  that  it  was  purely  a physical  process;  the  increased  vascular 
■ tension,  with  associated  alterations  in  the  capillary  wall,  led  to  the  escape 
of  part  of  the  fluid  contents  of  the  vessel.  By  this  theory  the  vessel  wall 
was  presumed  to  be  passive.  Later  investigations  have  led  to  the  adoption 
of  an  entirely  different  opinion.  Under  the  older  view  it  was  believed  that 
the  fluid  normally  present  in  the  lymph-spaces  of  the  various  tissues  was 
filtered  through  the  vessel  wall  as  a result  of  the  intravascular  tension. 
Later  observers  hold  that  the  endothelium  of  the  capillary  secretes  this 
fluid,  and  that  instead  of  being  a transudate,  as  originally  thought,  it 
is  purely  a secretory  product  of  the  endothelium.  Admitting  the  cor- 
rectness of  this  view,  the  material  that  we  have  been  considering  as  an 
exudate  must  now  be  regarded  as,  at  least  in  part,  a secretion.  The 
technical  difficulties  that  attend  efforts  to  demonstrate  the  correctness 
of  either  theory  have  been  so  great  that  neither  is  at  present  deemed 
fully  acceptable.  The  theory  that  the  migration  of  the  leukocytes  depends 
upon  increased  vascular  tension  cannot,  of  course,  be  maintained,  as 
wandering  cells  already  present  in  the  tissues  adjacent  to  an  inflammatory 
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Extending  out  from  the  side  of  the  leukocyte  will  be  seen  a number  of  projections,  called  pseudopods. 
In  the  diapedesis  or  migration  of  the  leukocyte  through  a blood-vessel  wall  in  inflammation  these 
pseudopods  are  first  thrust  through  the  wall,  the  cytoplasm  of  the  leukocyte  flowing  through  into  the 
pseudopod,  carrying  with  it  the  nucleus,  thereby  delivering  the  cell  upon  the  outer  side  of  a blood-vessel 
wall. 


area  show  migration  toward  the  center  in  spite  of  the  fact  that  such 
migration  must  be  in  the  direction  of  the  point  of  greatest  pressure. 

Changes  in  the  Perivascular  Tissue. — In  the  perivascular  tissues  two 
distinct  phases  must  be  considered:  (1)  Changes  occurring  in  the  elements 
normally  present;  (2)  changes  that  follow  in  the  fluids  and  cells  coming 
from  within  the  vessels.  It  has  been  stated,  and  apparently  correctly, 
that  changes  occurring  in  normal  perivascular  structures  are  essentially 
the  same  as  those  seen  in  tissues  that  are  normally  avascular.  As  a type 
of  such  tissue,  the  cornea  maybe  studied.  Normal  corneal  tissue  is  abun- 
dantly supplied  with  lvmph-channels,  but  contains  absolutely  no  blood- 
vessels. The  lymph  circulating  through  the  corneal  lymphatics  is  derived 
from  the  capillary  circulation  surrounding  the  organ.  Destruction  of  a 
small,  superficially  placed  central  area  of  the  cornea  by  means  of  chemic 
irritants  or  the  removal  of  a thin  superficial  layer  is  followed  by  opacity  at 
the  point  of  injury,  extending  as  a zone  of  haziness  for  some  distance  be- 
yond. The  preliminary  degenerative  changes  in  the  corneal  corpusles  are 
quickly  followed  by  reparative  efforts.  Leukocytes  surround  and  eventu- 
ally infiltrate  the  area,  while  the  undestroyed  corneal  corpuscles  begin  to 
show  evidence  of  proliferation.  The  proliferative  changes  in  the  corneal 
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corpuscles  are  evidently  the  initial  steps  in  the  process  of  repair.  The 
leukocytes  present  in  the  area  could  not  have  arisen  as  a result  of  increased 
pressure  directed  toward  the  point  of  injury,  but  must  be  present  as  the 
result  of  some  other  factor.  This  leads  us  to  discuss  causes  inducing  the 
evident  migration  of  leukocytes  toward  the  area  of  injury. 


Fig.  131. — Polymorphonuclear  Leukocytes  from  Center  of  One  of  the  Infiltrated  Areas  in  a 
Section  op  the  Cerebral  Cortex  and  Meninges  from  a Case  of  Suppurative  Meningitis. 

Section  stained  with  toluidin-blue.1  (Zeiss  A -inch  oil  immersion;  Queen  oc.  B.) 

De  Bary  observed  that  certain  plasmodia  moved  toward  nutritive 
material  placed  in  their  vicinity,  and  a further  study  showed  that  at  least 
three  classes  of  substances  could  be  recognized:  (1)  Substances  toward 
which  the  plasmodia  moved;  (2)  substances  that  did  not  seem  to  influence 
the  organism;  (3)  substances  from  which  the  organism  receded.  This 
property  of  cellular  attraction  and  repulsion  is  called  chemotaxis,  or 
chemiotaxis.1 2  When  the  cell  is  evidently  drawn  toward  the  body,  the 


Fig.  132. 

Mononuclear  leukocytes  from  meninges  in  a case  of  tuberculous  meningitis.  Section  stained  with  toluidin- 
blue.  (Zeiss  rVinch  oil  immersion;  Queen  oc.  B.) 

condition  is  called  positive  chemotaxis ; when  repelled,  negative  chemotaxis. 
Positive  chemotaxis  is  admitted.  Negative  chemotaxis  interests  us  but 
little;  the  existence  of  such  a condition  has  been  doubted,  although  ex- 
perimental evidence  indicates  occasional  occurrence.  Experiments  show 

1 The  microscopic  drawing  made  from  this  section  will  be  found  in  the  chapter 
on  Diseases  of  the  Nervous  System,  under  the  head  of  Suppurative  Meningitis. 

2 Literature  given  by  Barratt,  Brit.  Med.  Jour.,  Jan.  20,  1906,  p.  129. 
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that  leukocytes  travel  toward  certain  infecting  bodies,  and  that  dead 
tissue  is  attacked  by  these  cells.  The  ultimate  explanation  of  chemotaxis 
is  still  wanting;  we  do  not  know  whether  it  is  a chemic  affinity  or  a phe- 
nomenon allied  to  diffusion  in  simpler  bodies,  or  whether  it  is  an  essential 
character  of  certain  cells  not  dependent  on  known  chemic  and  physical 
explanations  applicable  under  what  seem  to  be  similar  circumstances. 

The  cells  influenced  by  positive  chemotaxis  arrive  at  the  area  of  irri- 
tation from  two  directions : from  the  blood-vessels  the  polymorphonuclear 
leukocytes  migrate  in  large  numbers,  while  from  the  same  source  and  also 
from  the  adjacent  connective-tissue  spaces  come  the  large  mononuclears 
and  esosinophiles.  Eventually,  the  field  of  observation  becomes  so  clouded 
by  the  cellular  elements  present  that  continued  study  of  the  previously 
transparent  tissue  is  no  longer  possible.  Whether  all  the  leukocytes 
present  in  the  area  come  from  the  sources  just  indicated  or  whether  some 
of  them  are  the  result  of  proliferation  has  not  been  definitely  determined. 
It  is  reasonable  to  conclude,  from  data  at  hand,  that  a certain  number  of 
the  leukocytes  may  result  from  proliferation  of  migrated  cells.  That  this 
number  is  large,  or  that  proliferation  constitutes  an  important  process  in 
the  production  of  the  large  number  of  cells  present,  seems  doubtful. 

Recent  studies  of  the  cells  migrating  in  inflammatory  processes  show 
clearly  that  irritants  of  different  kinds  or  different  intensities  of  action 
have  each  more  or  less  specificity  in  the  manifestation  of  their  chemio- 
tactic  power.  Pyogenic  bacteria  attract  polymorphonuclear  leukocytes  the 
toxins  of  the  tubercle  bacillus,  except  when  in  a concentrated  form,  lead  to 
accumulations  of  mononuclear  cells,  and  in  a general  way  the  same  is  true 
of  the  poison  of  syphilis.  Reference  has  already  been  made  (p.  192)  to  the 
fact  that  in  the  presence  of  certain  animal  parasites  eosinophile  leukocytes 
become  unusually  numerous  in  the  circulating  fluid.  A knowledge  of 
these  facts  has  been  turned  to  diagnostic  purposes;  exudates  rich  in  poly- 
morphonuclear cells  may  safely  be  looked  upon  as  due  to  pyogenic  irritants. 
The  presence  of  mononuclear  cells  suggests  tuberculosis  or  syphilis.  Serous 
accumulations  (transudates)  contain  no  more  polymorphonuclear  cells 
than  are  found  in  an  equal  quantity  of  fluid  from  any  other  part  of  the 
body,  are  also  poor  in  mononuclear  leukocytes,  but  contain  numerous 
endothelial  cells  derived  from  the  membrane  lining  the  serous  cavities  or 
lymph-spaces.  Diagnosis  by  an  examination  of  the  cellular  content  of 
exudates  and  transudates  is  called  cytodiagnosis.1  It  has  been  shown  to 
have  considerable  value,  but  its  limitations  have  also  been  demonstrated. 
It  is  well  known  that  tubercle  bacilli  in  unusual  numbers  or  of  exceeding 
virulence  lead  to  suppuration  (accumulation  of  polymorphonuclear 
leukocytes).  The  same  organisms,  however,  in  numbers  commonly  found, 
give  rise  to  the  accumulation  of  mononuclear  cells  (mononucleosis). 
Cytodiagnosis  has  been  most  used,  and  the  results  found  the  least  falla- 
cious, in  the  examination  of  exudates  in  the  serous  cavities,  particularly 
the  meninges,  pleura,  peritoneum,  joints,  and  tendon-sheaths.  It  has  its 
advantages,  but  cannot  be  relied  upon  implicitly,  as  was  at  first  believed. 


1 The  important  clinical  aspects  of  cytodiagnosis  are  given  by  Labbe,  Le  Cyto- 
diagnostic,  Paris,  1903.  The  following  papers  may  also  be  consulted:  Beattie,  Jour. 
Path,  and  Bact.,  June,  1902;  Wolff  and  Torday,  Berl.  klin.  Woch.,  Dec.  5,  1904; 
Helly,  Zieg.  Beitr.,  Bd.  37,  H.  2,  1904,  p.  171;  Lewkowiez,  Wien.  klin.  Woch., 
Sept.,  1904,  p.  978;  Turton,  Practitioner,  April,  1905;  DcBuck,  Rev.,  de  Neurolog., 
x,  1905,  No.  17:  Dudgeon  and  Ross,  Jour.  Path,  and  Bact.,  March, 1006;  Ettinger, 
Berl.  klin.  Woch.,  Nov.  18,  1907;  Achard  and  Benard,  Soc.  de  Biol.,  Nov.  14,  1909. 
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In  many  conditions  the  cell  most  abundant  in  the  exudate  is  also  found 
increased  in  the  body-fluids,  particularly  the  blood.  Polymorphonuclear 
leukocytosis  (polymorphonucleosis)  is  found  in  many  inflammatory  pro- 
cesses, particularly  those  in  which  exudates  containing  large  numbers  of 
these  cells  occur.  Diseases  due  to  certain  animal  parasites  are  attended 
by  hemal  increase  in  the  eosinophiles  (eosinophilia).  In  malaria,  syphilis, 
and  sometimes  in  tuberculosis,  the  mononuclear  cells  of  the  blood  are 
unusually  abundant.  This  feature  of  infections  is  further  considered  in 
the  chapter  dealing  with  the  pathology  of  the  blood.1 

The  changes  that  take  place  in  the  fixed  cells  of  the  tissues  involved, 
as  well  as  the  alterations  that  the  invading  cells  may  undergo,  are  modi- 
fied by  many  factors.  If  the  irritant  be  active— as,  for  example,  the 
poison  of  virulent  bacteria — many  of  the  cells  are  at  once  destroyed. 
When  the  pathogenicity  of  the  irritant  is  less  marked,  degenerative  changes 
may  be  more  conspicuous  than  actual  cell  death.  The  characters  and 
degree  of  the  degenerative  and  necrotic  changes  vary  in  different  tissues, 
and  are  more  marked  in  organs  whose  cellular  constituents  are  largely  of 
epithelial  origin.  In  the  liver  and  kidney  the  degenerative  phenomena 
that  attend  inflammation  may  be  more  conspicuous  than  exudation. 
In  such  epithelial  structures  cloudy  swelling,  fatty  degeneration,  and 
hydropic  distention  of  the  cells  with  nuclear  fragmentation  and  necrosis 
may  be  conspicuous.  In  the  connective  tissues  mucoid  and  hyaline  trans- 
formation may  be  present.  The  amount  of  degenerative  change  and  the 
associated  cellular  disintegration  also  depend  upon  the  intensity  of  the 
irritant;  such  degenerations  are  most  marked  in  the  various  infections  of 
which  the  pyogenic  constitutes  a typical  example. 

The  fluid  exudate  now  present  in  the  perivascular  tissues  varies  in 
quantity  and  composition.  The  quantity,  and  to  a certain  extent,  the 
chemic  composition,  depend  upon  the  character  and  strength  of  the 
irritant  as  well  as  upon  the  tissue  involved.  The  more  richly  vascular  the 
area,  as  a rule,  the  greater  the  amount  of  the  exudate.  Loose  connective 
tissues,  such  as  the  eyelid,  scrotum,  and  labia,  show  marked  accumulation 
of  exudative  fluids.  The  same  is  commonly  true  of  serous  membranes, 
and,  to  a lesser  degree,  of  the  subcutaneous  and  submucous  connective 
tissues.  The  fluid  differs  in  chemic  composition  from  the  fluid  in  edema; 
its  specific  gravity  is  higher  (edema,  about  1.005  to  1.015,  rarely  over  1.018; 
inflammatory  exudate,  1.015  to  1.025);  it  is  highly  albuminous,  not  un- 
commonly containing  five  times  the  quantity  of  proteins  present  in  the 
edema  fluids;  commonly  it  is  rich  in  fibrin.  When  bacteria  are  present, 
the  fluid  usually  contains  peptone,  which,  in  old  suppurative  processes  or 
when  the  lesion  is  extensive,  may  enter  the  circulation  and  be  excreted  in 
sufficient  quantity  to  be  recognizable  in  the  urine.  For  evident  reasons 
the  inflammatory  exudate  is  rich  in  cells,  an  abundance  of  which  renders 
the  fluid  quite  opaque. 

Leukocytes  brought  into  the  area  by  any  of  the  processes  indicated 
at  once  attack  the  infecting  organism — if  bacteria  be  the  cause  of  the 
inflammation — or  proceed  to  remove  the  dead  tissue  when  the  inflamma- 
tory process  is  associated  with,  or  has  arisen  secondary  to,  cellular 
destruction.  The  phagocytes  active  in  this  process  have  been  mentioned. 
As  already  stated,  when  considering  phagocytosis  in  its  connection  with 
immunity,  it  is  not  improbable  that  certain  phagocytes  liberate  antitoxic 

1 See  Leukocytosis  and  Leukopenia. 


INFLAMMATION  AND  REPAIR. 


287 


or  bactericidal  bodies,  active  in  subduing  infection.  Enzymes1  derived 
from  leukocytes  are  also  present  in  varying  quantities;  the  enzyme  derived 
from  polymorphonuclear  leukocytes  is  called  leukoprotease,  and  that  from 
mononuclear  cells  lymphoprotease  and  lipase.  The  influence  of  these 
bodies  in  suppurative  processes  will  be  discussed  later.  (See  Phagocytosis, 
p.  59  and  Phagolysis,  p.  61.) 

The  fluid  portion  of  the  exudate  relieves  the  intravascular  tension  by 
its  escape,  dilutes  the  irritant  present  in  the  tissues,  carries  with  it  anti- 
toxic and  bactericidal  properties,  and  possibly  in  some  instances  affords 
increased  nutrition  (?)  to  the  cells  of  the  area.  The  fibrin-forming  bodies 
contained  within  the  exudate  reaching  the  perivascular  tissues  give  rise 
to  fibrin,  which  acts  not  uncommonly  as  a limiting  body,  retarding  the 
dissemination  of  bacteria  and  lessening  the  rapidity  with  which  the  toxic 
substances  present  are  diffused  into  the  surrounding  tissues.  Its  function 
in  the  repair  of  wounds  wrill  be  considered  later. 

Terminations  of  the  Inflammatory  Process. — These  largely  depend  upon 
the  activity  and  persistence  of  the  cause,  as  well  as  upon  the  susceptibility 
of  the  tissue,  including  under  this  term  the  activity  of  protective  agencies 
whose  tendency  is  always  directed  toward  the  arrest  of  irritant  action. 
When  the  etiologic  factor  is  readily  overcome,  or  is  quickly  withdrawn, 
restitution  to  the  normal  may  be  brought  about  without  leaving  any 
evidence  of  a past  inflammation.  In  the  early  stages  of  the  inflammatory 
process  the  withdrawal  of  the  cause  is  quickly  followed  by  absorption  of  the 
exudate  and  re-establishment  of  circulation.  The  exudate  passes  off  by 
the  lymphatics  or  is  taken  up  by  the  veins,  and  the  few  extruded  leuko- 
cytes re-enter  the  circulation,  either  directly,  through  the  blood-vessels,  or 
indirectly,  through  the  lymphatics,  eventually  leaving  no  recognizable 
tissue  alteration.  As  the  inflammatory  process  continues,  so  favorable 
a termination  becomes  less  and  less  possible,  until  finally  the  tissue 
alterations  are  such  that  a return  to  the  normal  is  no  longer  to  be  antici- 
pated. Under  such  circumstances  the  occurrence  of  repair  is  the  best  that 
can  be  expected;  and  the  longer  such  repair  is  delayed,  the  less  effectual  it 
is  likely  to  be.  The  most  important  factor  in  the  prevention  of  repair  is 
infection;  and  the  more  active  this  infection  the  graver  the  tissue  altera- 
tions and  the  less  perfect  the  subsequent  restitutions. 

Suppuration. — The  organisms  most  active  in  the  production  of  suppura- 
tion are  the  staphylococci  and  streptococci — pyogenic  cocci.  While  the 
foregoing  are  the  usual  bacteria  active  in  suppurative  processes,  it  is  not 
to  be  forgotten  that  many  other  organisms  share  this  pus-producing 
power.  Thus,  the  Bacillus  coli  communis,  Bacillus  pyogenes  foetidus, 
Bacillus  typhosus,  Gonococcus,  Micrococcus  cereus  flavus,  Micrococcus 
cereus  albus,  Pneumococcus,  the  fungus  of  actinomycosis,  Bacillus 
pyocyaneus,  Bacillus  anthracis,  and  other  organisms,  occasionally  mani- 
fest pyogenic  activity.  In  most  instances  suppuration  is  due  to  mixed  or 
concurrent  infection.  Commonly,  at  least  two  organisms  are  present,  and 
in  many  instances  a number  may  be  associated.  A series  of  unpublished 
investigations  conducted  by  Lockett  in  the  writer’s  laboratory  showed 
that  of  one  hundred  consecutive  suppurative  processes,  a single  infection 
was  the  exception.  These  observations  are  corroborative  of  many  similar 
studies  made  by  other  observers. 

1 Bradley,  Jour.  Hyg.,  Aug.,  1910,  p.  209;  Fiessinger  and  Marie,  Arch.  d. 
mal.  d.  Coeur,  d.  Vesseaux  et  de  Sang,  Oct.,  1909,  p.  545. 
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Abscess. — In  infection  by  pyogenic  organisms  continued  action  of  the 
irritant  (a  necessary  sequence  of  bacterial  proliferation  and  of  the  continued 
production  of  toxins)  prolongs  the  period  of  exudation  and  necrosis  and 
increases  the  quantity  of  the  exudate,  which  is  particularly  rich  in  phag- 
ocytic cells,  the  most  abundant  of  which  is  the  finely  granular  oxyphile 
cell — the  polynuclear  or  polymorphonuclear  leukocyte.  The  bacterial 
products  lead  to  degenerative  and  necrotic  changes  in  the  fixed  tissue  ele- 
ments, associated  with  liquefaction  of  the  intercellular  substance,  con- 
verting the  area  so  affected  into  a mass  of  cellular  detritus  in  which  the  cell 
longest  retaining  its  morphology — the  polymorphonuclear  cell,  now  the 
pus-corpuscle — is  most  abundant.  It  has  usually  been  held  that  lique- 
faction of  the  exudate  depends  upon  the  peptonizing  influence  of  bacterial 


Fig.  133. — Section  of  Wall  of  Abscess. 

A.  Polymorphonuclear  leukocytes  forming,  almost  alone,  the  inner  stratum.  B.  Resisting  connective- 
tissue  cell  many  of  which  have  disappeared.  C.  Residual  fibers  of  connective  tissue.  The  arbitrary 
zones  indicated  on  the  right  are  rarely,  if  ever,  clearly  defined. 

products.  It  is  probable,  however,  that  the  softening  and  subsequent 
fluidification  are  due  to  the  activity  of  products  liberated  by  the  cells, 
especially  the  leukocytes,  and  therefore  present  in  the  fluids  of  the  affected 
tissue.  In  no  other  way  is  it  possible  to  account  for  the  abscess  formation 
which  results  from  the  introduction  of  purely  chemic  irritants.  The 
studies  of  Rulot1  and  others  have  demonstrated  that  leukocytes  contain 

1 Arch,  internat.  de  Physiol.,  t.  i.,  1904,  pp.,  152-158;  Opie,  Bradley  and  Fies- 
singer  and  Marie;  ref.  p.  287. 
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and,  on  destruction  readily  yield,  bodies  through  the  action  of  which  fibrin 
may  be  liquefied  and  other  so-called  autolytic  changes  produced.  The 
fluid  resulting  from  these  changes  is  called  pus. 

Pus  is  a creamy  liquid  possessing  a faint,  sweetish  odor;  its  specific 
gravity  ranges  between  1.020  and  1.035,  with  a mean  of  about  1.032. 
Essentially,  pus  is  composed  of  two  elements — the  fluid  and  cellular 
portions.  The  fluid  constituent  is  called  the  liquor  puris;  it  represents  the 
serous  constituents  of  the  exudate,  to  which  has  been  added  the  fluid 
resulting  from  liquefaction  of  the  intercellular  substance  and,  possibly, 
from  the  dissolution  of  a number  of  the  tissue  elements,  and,  it  may  be,  of 
some  of  the  cells.  It  is  comparatively  rich  in  albumoses,  to  which  the 
absence  of  coagulability  has  been  attributed.  It  also  contains  leucin  and 
tyrosin.  Binaghi1  has  demonstrated  the  bacteriolytic  and  to  a certain 
extent  the  antitoxic  properties  of  pus.  An  animal  unusually  susceptible 
to  an  organism — for  example,  the  anthrax  bacillus — may  escape  if  the 
inoculation  be  made  into  a cavity  containing  pus;  subsequent  examination 
of  the  fluid  shows  that  many  of  the  organisms  have  disappeared.  That  the 
substances  antagonizing  the  bacteria  are  present  in  the  pus  and  not  in  the 
body-fluids — at  least,  in  the  same  quantity — is  indicated  by  the  fact  that 
the  same  animal  may  readily  be  infected  by  inoculation  through  paths 
that  do  not  bring  the  microbe  in  contact  with  pus.  The  pus-cell  is 
richly  granular,  usually  polynuclear  or  polymorphonuclear,  and  for  a 
brief  period  following  its  removal  from  the  body  may  manifest  well-marked 
ameboid  movements;  in  its  present  form  it  cannot  be  differentiated 
from  the  polymorphonuclear  or  finely  granular  oxyphile  cell,  which  earlier 
reached  the  inflammatory  field  from  the  blood-vessels.  The  experiments 
of  Muir  show  that  a cubic  millimeter  of  pus  may  contain  a million  leuko- 
cytes; if  this  proportion  is  maintained,  30  c.c.  (one  ounce)  would  contain  as 
many  leukocytes  as  3 1/2  liters  (120  ounces)  of  blood.  The  fact  that  dur- 
ing the  evolution  of  an  abscess  the  number  of  leukocytes  in  the  blood  not 
infrequently  undergoes  a constant  increase  indicates  the  enormous  leu- 
kocyte-producing capacity  of  the  body-tissue.  With  regard  to  the  hyaline 
or  mononuclear  cell,  occasionally  present  in  pus,  our  information  is  less 
satisfactory;  the  tendency  at  present  is  to  regard  these  cells  as  invaders 
from  the  adjacent  connective-tissue  spaces — in  other  words,  they  are  be- 
lieved to  be  celomic  wandering  cells;  that  they  are  also  derived  from  the 
circulating  blood  seems  equally  established. 

In  the  production  of  an  abscess,  liquefaction  first  takes  place  at  the 
center  of  irritant  action,  from  which,  as  surrounding  uninvolved  tissue 
is  approached,  all  intermediate  stages  of  the  inflammatory  process  may  be 
recognized.  The  wall  of  the  abscess  is,  therefore,  composed  of  the  normal 
tissues  of  the  part,  showing  various  degrees  of  inflammatory  infiltration, 
degeneration,  and  necrosis.  The  zone  lying  nearest  to  the  pus  consists  of 
necrotic  tissue  rich  in  leukocytes.  Surrounding  this  is  usually  seen  a zone 
containing  the  exudative  fluids  and  numerous  white  blood-cells.  There 
is  usually  present  more  or  less  fibrin  entangled  among  the  fixed  connective- 
tissue  fibrils  and  cells,  the  latter  not  uncommonly  showing  proliferative 
changes.  In  this  zone  efforts  at  repair  and  at  the  prevention  of  dissemina- 
tion may  be  evident.  Externally,  this  zone  gradually  fades  into  the 
normal  tissue,  and  internally  it  is  continuous  with  the  necrotic  zone  to 
which  reference  has  already  been  made.  If  undisturbed,  the  abscess 

1 Rif.  Med.,  May  4,  1904. 
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tends  to  travel  along  the  path  of  least  resistance;  as  the  infective 
agents  manifest  a disposition  to  extend  in  all  directions,  but  are  met  by 
the  protective  forces  of  the  tissues,  the  path  of  least  resistance  must  be 
through  those  tissues  where  the  protective  agencies  are  least  active. 
The  vascularity  of  the  part,  and  hence  the  richness  in  leukocytes,  usually 
results  in  the  extension  of  the  abscess  toward  the  surface,  through  which 
it  eventually  ruptures  and  discharges  its  contents.  Relieved  of  this 
tension,  the  direction  of  the  fluid  exudate  is  now  strongly  toward  the 
abscess  cavity.  This  results  in  flushing  out  the  surrounding  lymph- 
spaces,  and  favors  the  action  of  the  protective  forces — the  phagocytes, 
antitoxic  and  bactericidal  bodies — present  in  the  inflammatory  area. 
When  the  infective  organisms  are  destroyed  or  rendered  inert,  liquefaction 
necrosis,  leukocyte  migration,  and  consequent  formation  of  pus  cease; 
after  incision  and  evacuation  the  walls  of  the  abscess  collapse,  and  re- 
parative efforts  become  ascendant. 

Ulceration. — The  younger  Gross  often  spoke  of  an  abscess  as  a sub- 
cutaneous ulcer,  and  in  the  present  state  of  our  knowledge  many  ulcers 
could,  with  propriety,  be  called  superficial  or,  more  correctly,  exposed 
abscesses.  Where  suppurative  processes  are  so  situated  that  a wall 
is  formed  on  but  one  side — in  other  words,  are  exposed — the  floor  of 
the  ulcer  is  structurally  quite  like  the  wall  of  an  abscess.  This  applies, 
of  course,  only  to  ulcers  in  which  infection  is  active.  Exposed  or  de- 
nuded subcutaneous  tissues  where  the  removal  of  the  overlying  structures 
has  been  brought  about  under  strict  aseptic  precautions  bear  little 
resemblance  to  the  changes  observed  in  the  formative  stage  of  an  abscess. 
When,  however,  the  ulcer  has  resulted  from  infective  processes,  giving 
rise  to  necrosis  of  the  overlying  structures,  the  early  stages  of  ulcer 
formation  are  practically  identical  with  those  seen  in  the  wall  of  a deve- 
loping abscess.  The  pus  formed  by  such  ulcers  finds  ready  egress,  and 
the  protective  powers  of  the  underlying  tissues  usually  limit  and  arrest 
the  spread  of  the  ulcerative  lesion.  Occasionally,  however,  ulcers  show 
continued  necrosis,  gradually  extending  in  one  or  more  directions,  thereby 
indicating  the  inefficiency  of  the  protective  powers  in  the  adjacent  tissues, 
or  extreme  virulence  on  the  part  of  the  infecting  organisms;  in  such  cases 
mixed  infection  is  the  rule.  The  fact  that  such  ulcers  appear  to  extend 
in  one  or  more  directions,  as  though  something  were  eating  away  the 
tissues,  led  to  their  being  called  phagedenic. 

In  addition  to  abscess  formation  and  ulceration,  there  are  allied 
forms  of  infection  in  which  the  anatomic  peculiarities  of  the  tissues  in- 
volved, or  the  absence  of  resistance,  or  the  intensely  toxic  power  of  the 
infection,  give  rise  to  changes  resembling  abscess  formation,  but  by  no 
means  identical.  Closely  allied  to  abscess  formation  is  the  occurrence 
of  suppurative  lesions  of  the  serous  membranes.  Here  the  collection  of 
pus  takes  place  in  the  serous  cavity,  and  is  not  usually  referred  to  as  an 
abscess.1  Suppurative  processes  leading  to  the  accumulation  of  pus 
occur  in  cavities  lined  by  epithelium.  As  in  serous  cavities,  these  are  not 
usually  referred  to  as  abscesses;  thus,  a purulent  accumulation  in  the 
pelvis  of  the  kidney  is  spoken  of  as  “pyonephrosis,”  and  in  the  Fallopian 
tube  purulent  distention  is  called  “ pyosalpinx.” 

At  times  the  extension  of  infection  proceeds  with  such  rapidity  that 

1 For  the  description  of  suppurative  inflammation  of  serous  membranes,  see 
Diseases  of  Serous  Membranes,  Part  II. 
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Fig.  134. — Kidney,  Chronic  Interstitial  Nephritis. 

A.  Part  of  capsule.  B.  Malpighian  body,  showing  advancing  granular  and  fibrous  changes  with  marked 
thickening  of  the  capsule.  C,  C,  C.  Tubules  in  the  midst  of  the  newly  formed  connective  tissue;  the 
epithelium  is  wasted  or  absent  and  the  tubular  wall  notably  thickened.  The  larger  tubes  on  the  left 
and  below  are  somewhat  dilated. 

processes,  are  used  to  indicate,  to  a certain  extent,  the  period  of  time, 
or  duration,  as  well  as  the  activity  of  the  inflammation,  and,  under 
certain  circumstances,  its  location  and  sequels.  That  form  of  chronic 
inflammation  in  which  the  process  extends  over  a long  period  of  time 
and  is  associated  with  the  formation  of  fibrous  tissue  in  excess  is  some- 
times referred  to  as  productive  inflammation.  The  changes  that  take 
place  in  the  interstitial  tissue  of  the  kidney  in  chronic  interstitial  nephri- 
tis may  be  taken  as  a type  of  this  form  of  inflammation.2  The  view 
that  all  tissue  changes  associated  with  an  increase  in  fibrous  tissue  are 

1 See  Spreading  Gangrene,  p.  248. 

*"  2 See  Chronic  Interstitial  Nephritis,  chapter  on  Diseases  of  the  Urinary  Organs, 

Part  II. 


a distinct  accumulation  of  pus  may  not  be  evident.  Thus,  in  inflam- 
mation of  the  cellular  tissues,  and  in  inflammation  of  the  lymph-vessels 
(angioleucitis)  due  to  virulent  infection  or  to  greatly  reduced  resistance 
on  the  part  of  the  individual,  the  inflammatory  process  may  extend 
with  remarkable  rapidity,  and  may  even  terminate  fatally  before  the 
occurrence  of  any  recognizable  purulent  collection.  Sometimes  along 
the  paths  of  such  rapidly  spreading  'infections  a variable  quantity  of 
macroscopically  recognizable  pus  may  be  developed.  Such  a condition 
is  usually  referred  to  as  diffuse  suppuration,  suppuration  of  the  cellular 
tissues,  purulent  infiltration,  suppurative  cellulitis,  and,  without  any 
apparent  reason,  is  sometimes  called  purulent  suffusion. 

The  occurrence  of  gangrene  as  a result  of  infection  has  already  been 
considered.1 

The  terms  acute,  subacute,  and  chronic,  as  applied  to  inflammatory 
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manifestations  of  productive  inflammation  can  no  longer  be  maintained. 
1 bus,  in  degenerations  that  involve  parts  of  the  glandular  viscera  the  dis- 
appearance of  essential  normal  elements  may  be  followed  by  the  pro- 
duction of  fibrous  tissue.  This  is  sometimes  spoken  of  as  substitutive 
fibrosis,  and  by  some  is  not  considered  evidence  of  past  or  existing  in- 
flammation. Such  increase  in  fibrous  tissue  is  also  called  noninflammatory 
hyperplasia,  thereby  differentiating  it  from  the  increase  in  fibrous  tissue 
that  is  clearly  consecutive  to  inflammation  and  constitutes  the  terminal 
tissue  changes  in  many  inflammatory  processes.  When  considering  the 
pathology  of  organs,  further  reference  will  be  made  to  chronic  inflam- 
matory processes  and  substitutive  fibroses.1 

Inflammatory  processes  not  associated  with  infection  are  sometimes 
spoken  of  as  simple  or  common.  To  speak  of  such  processes  as  common 
in  the  sense  that  they  are  frequent  is  clearly  an  error,  as  most  inflamma- 
tions result  from  infection.  Inflammations  due  to  some  particular  organ- 
ism are  called  specific.  While  not  restricted  to  syphilis,  the  term  specific 
infection  is  most  frequently  applied  to  syphilitic  lesions.  When  the  essen- 
tial secreting  or  actually  functionating  cells  of  an  organ  are  involved,  the 
inflammation  is  said  to  be  parenchymatous ; when  the  supporting  tissue 
(connective  tissue)  is  the  principal  seat  of  the  lesion,  the  inflammation  is 
called  interstitial;  when  both  are  equally  involved,  or  at  least  approximately 
so  the  term  diffuse  is  used.  By  reason  of  the  intimate  physiologic  and 
structural  relation  of  the  connective  tissues  of  organs  with  the  essential 
functionating  cells  it  does  not  seem  probable  that  an  inflammation  can 
ever  be  strictly  parenchymatous  or  strictly  interstitial.  That  one  or  the 
other  tissue  may  be  apparently  more  involved  justifies,  to  a certain  extent, 
this  nomenclature.  Suppurative,  pyogenic,  purulent,  or  phlegmonous 
inflammations  have  already  been  considered.  Such  inflammations  are 
appropriately  called  septic,  in  contradistinction  to  the  infrequent  in- 
flammatory conditions  in  which  bacteria  have  no  part — aseptic  inflam- 
mations. When  considering  inflammations  of  the  mucous  membranes, 
reference  will  be  made  to  catarrhal,  pseudomembranous,  fibrinous,  croup- 
ous, diphtheritic,  gangrenous,  suppurative,  and  hemorrhagic  inflammations 
of  those  structures.2  Dry,  moist,  serous,  serofibrinous,  fibrinous,  plastic, 
adhesive,  exudative,  and  other  inflammatory  processes  affecting  serous 
membranes  are  considered  with  diseases  of  those  structures.3 

It  will  not  be  amiss,  at  this  point,  briefly  to  discuss  the  cardinal  symp- 
toms of  inflammation  and  to  indicate  the  relation  that  exists  between  these 
usually  recognizable  changes  and  the  morbid  processes  to  which  they  owe 
their  presence.  The  more  or  less  active  inflammatory  conditions,  and 
even  certain  inflammations  characterized  by  sluggishness,  possess  one  or 
more  of  the  so-called  cardinal  symptoms:  namely,  heat,  pain,  discoloration, 
swelling,  and  disordered  function. 

Morbid  Physiology  of  Inflammation. — Heat.  Practically,  the  recogniz- 
able rise  of  temperature  depends  upon  the  increased  amount  of  blood  dis- 
tributed in  the  area,  which,  coming  from  internal  organs,  possesses  a 
temperature  higher  than  the  blood  present  in  the  superficial  circulation 
under  normal  conditions.  Theoretically,  the  following  features  are  also 
active;  it  is  not  probable,  however,  that  their  influence  is  of  practical 

1 See  Interstitial  Pneumonia  and  Cirrhosis  of  the  Liver,  Part  II. 

2 See  Diseases  of  the  Mucous  Membranes,  Part  II. 

3 See  Diseases  of  Serous  Membranes,  Part  II. 
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import:  (a)  the  increased  cellular  metamorphosis;  (6)  increased  oxidation 
going  on  in  the  area  involved;  (c)  friction  of  the  increased  blood-current 
and  impact  of  stasis  may  also  increase  the  temperature. 

, Pain  is  frequently  attributed  to  pressure  or  to  stretching  of  the  nerves 
by  the  swelling,  but  when  we  recall  that  local  anesthesia  can  be  produced 
by  infiltrating  the  tissues  with  water  or  normal  salt  solution,  and  that  in- 
tense edemas,  as  in  cardiac  and  renal  diseases,  are  painless,  the  theory 
of  distention,  traction,  or  pressure  alone  appears  inadequate.  Inflamma- 
tory pain  is  probably  due  to  the  direct  action  of  irritants  on  sensitive 
nerve  endings,  and  possibly  on  filaments  as  well.  Under  tension  the  irri- 
tant bodies,  following  well  known  physical  laws,  permeate  more  rapidly 
and  are  less  speedily  discharged  or  neutralized,  and  consequently  pressure 
intensifies  or  augments  existing  pain  (tenderness).  At  this  point  it  is 
well  to  note  that  pain  may  be  beneficent  in  inflammation,  in  that  it  secures 
rest  of  the  part,  thereby  reducing  to  a minimum  those  factors  deleteriously 
influencing  the  antagonism  of  antibodies  derived  from  cells  and  contained 
in  the  fluid  exudates.  Other  functions  are  best  suppressed  that  these  may 
the  better  and  more  promptly  act. 

Discoloration  depends  upon  the  increased  amount  of  blood  in  the  area; 
the  proliferation  of  the  cellular  elements;  and  the  character  of  the  in- 
flammatory exudate;  thus,  the  increased  amount  of  blood  may  give  rise  to 
redness,  which  becomes  scarlet,  brownish,  or  bluish,  passing  through  the 
different  shades  to  black;  the  color  depends  on  the  vascularity  of  the  part 
and  the  extent  to  which  the  circulation  is  slowed.  In  nonvascular  exu- 
dates the  structure  may  be  white  instead  of  red ; this  is  shown  in  the  cornea, 
in  which  the  “ ground-glass  appearance”  is  observed;  this  gray,  lusterless, 
cellular  accumulation  and  granular  change  in  the  corneal  corpuscles,  as  the 
cornea  is  avascular,  cause  no  redness.  Redness,  when  present,  is  repre- 
sented by  the  injection  of  the  adjacent  conjunctiva.  The  exudate  in 
inflammations  of  serous  membranes  renders  the  surface  white,  unless  the 
inflammatory  processes  are  hemorrhagic. 

The  benefit  of  hyperemia  is  at  once  apparent ; it  increases  the  amount 
of  blood  bringing  leukocytes,  diluents,  and  antibodies  and  if  sufficiently 
active  facilitates  the  removal  of  noxious  agents.  Bier1  has  strongly 
urged  the  utility  of  proper  augmentation  of  natural  hyperemia  by  various 
processes  all  of  which  are  directed  toward  increasing  the  amount  of  blood 
flowing  through  and  in  closest  contact  with  the  inflamed  tissues.  Stasis 
and  congestion  bordering  on  stasis  are  highly  deleterious.  Unfortunately 
our  language  possesses  no  word  or  term  exactly  equivalent  to  “stauungs- 
hyperaemie”  of  the  German.  It  is  not  stasis;  for  many  purposes  Bier 
carefully  avoids  the  semblance  of  circulatory  arrest;  an  increased  flow 
of  blood  at  a slower  rate  is  more  readily  obtained  than  increase  of  both 
quantity  and  speed.  The  term  “dammed  circulation”  suggested  by 
Thomas  thirty  years  ago  looks  better  than  it  sounds. 

Swelling  is  due  to  the  increased  amount  of  blood  in  the  part ; the  notable 
accumulation  of  leukocytes  and,  to  a much  less  degree,  the  proliferation  of 
cells;  undoubtedly  the  most  important  factor  is  the  exudate  in  the  peri- 
vascular tissue.  As  already  stated  when  considering  the  development  of 
the  exudate,  swelling  may  manifest  beneficial  tendencies.  Under  certain 

1 Bier,  Hyperaemie  als  Heilmittel,  Leipzig,  1905;  Meyer,  Trans.  Section  Surg. 
and  Anat.  Amer.  Med.  Assoc.,  1907,  p.  44;  Shimodaira,  Deutsch.  med.  Woch., 
March  25,  1909. 


294 


GENERAL  PATHOLOGY. 


circumstances  it  becomes  dangerous;  thus,  if  the  swelling  is  great,  the  cap- 
illary circulation  may  be  obstructed  and,  as  a result  of  faulty  nutrition  and 
of  the  activity  of  the  inflammatory  process,  degenerative  changes,  necrosis, 
and  even  gangrene  may  occur.  This  unfortunate  termination  is  some- 
times observed  in  inflammation  of  the  subcutaneous  tissues  (cellulitis, 
angioleucitis),  where  the  extensive  swelling  cuts  oft'  nutrition  to  the  over- 
lying  structures  and  gangrene  ensues.  Inflammation  of  the  juxta- 
epiphyseal  disc  may  lead  to  thrombosis  of  the  capillaries  supplying  the 
epiphysis,  followed  by  necrosis  of  that  structure.  It  is  not  necessary  to 
multiply  examples,  although  reference  should  be  made  to  the  corneal 
sloughing  that  takes  place  as  a result  of  intense  swelling  of  the  surrounding 
conjunctiva,  cutting  off  ingress  and  egress  of  lymph  from  the  avascular, 
transparent  membrane.  Swelling  may  mechanically  influence  function; 
thus  inflammatory  edema  of  the  larynx  or  bronchi  embarrasses  respiration; 
swelling  of  the  Eustachian  tube  may  cause  retention  in  and  damage  to  the 
middle  ear;  one  form  of  jaundice  results  from  catarrhal  inflammation  of 
the  biliary  ducts;  inflammatory  edema  of  a ureter  or  the  urethra  may 
impede  the  flow  of  urine. 

Disordered  function  is  due  to  alteration  in  the  tissue  cells  present,  both 
the  essential  functionating  cells  and  the  interstitial  elements;  the  mechan- 
ical interference  with  function  resulting  from  the  exudates;  and  the  fact 
that  exudates  impede  the  activity  of  the  innervation  upon  which  the  func- 
tion of  all  tissue  so  largely  depends. 

Systemic  Phenomena  of  Inflammation. — These  are  largely  embraced  in 
the  term  fever,  and  are  due  to  the  absorption  of  bacterial  toxins  and  other 
poisons  resulting  from  perverted  metabolism  and  necrosis  in  the  affected 
tissue.  The  character  of  the  fever  and’ the  severity  of  its  manifestation 
depend  upon  the  activity  of  the  agents  absorbed.  In  the  simple  aseptic 
fluids  taken  up  by  the  lymphatics  and  blood-vessels,  from  an  ordinary 
sterile  wound,  such  as  is  typified  in  a broken  bone,  the  manifestations  are 
slight  and  temporary.  When  the  toxic  substances  absorbed  contain  the 
products  of  bacterial  life,  marked  alteration  in  the  tissue  elements  else- 
where in  the  body  may  occur.  Degenerative  and  necrotic  lesions  are  pro- 
duced in  the  viscera  independent  of  the  presence  of  bacteria.  The  disturb- 
ances of  glandular  activity  are  evinced  by  perturbed,  usually  diminished, 
secretions  and  excretions.  The  epithelial  structures  show,  under  the 
influence  of  bacterial  agents,  a decided  tendency  to  undergo  degenerative 
processes;  this  is  most  marked  the  more  severe  the  infection,  so  that  in  the 
gangrenous  and  specific  inflammations — for  example,  those  of  diphtheria 
— coagulation  necroses  in  the  large  glandular  viscera  are  not  uncommon. 
The  nervous  phenomena  that  accompany  inflammation  are  probably  due 
to  the  direct  action  on  the  nerve  substance  of  the  toxins  under  considera- 
tion, or  to  the  influence  of  the  poison  upon  the  capillaries  distributed  in  the 
nerve  tissues,  giving  rise  to  inflammatory  or  degenerative  processes  in 
those  structures.  Exactly  what  causes  the  condition  called  fever  will  be 
discussed  later. 


REPAIR.1 

Cell  Reproduction. — As  a part  of  the  processes  of  repair  (repair  modi- 
fied by  infection,  regeneration,  inflammation  so-called,  hyperplasia,  cer- 

1 Maximow,  Experimentelle  Untersuchungen  uber  die  entzi’mdliehe  Neubil- 
dungen  von  Bindegewebe;  Funfter’s  Sup.  Ziegler’s  Beitrage,  Jena,  1902;  Pezzo- 
lini,  Gazz.  Osp.  e Clin.,  1901,  No.  151;  Minervini,  Virch.  Arch.,  1904,  Bd.  175, 
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tain  forms  of  hypertrophy,  etc.),  prolification,  proliferation,  or  repro- 
duction of  cells  must  be  studied.  There  are  two  methods  by  which  cells 
are  reproduced:  (1)  Direct  division,  or  amitosis;  (2)  indirect  division, 

also  known  as  karyokinesis,  karyomitosis , and,  quite  commonly,  a more 
convenient  term,  as  mitosis. 

Amitotic  Division. — In  this  form  of  segmentation  the  cell  elongates 
and  develops  a constriction  that  involves  both  the  cell  protoplasm  and 
the  nucleus.  This  constriction  is  followed  by  a separation  of  the  two 
portions,  the  nucleus  first  dividing  and  passing  to  the  two  ends  of  the 
protoplasm,  which  gradually  separates,  giving  rise  to  two  cells;  during 
the  process  there  is  no  manifest  systematic  change  in  the  chromatin  of 
the  nucleus,  as  is  seen  in  the  next  form. 

Mitosis. — As  a rule,  the  cell  divides  only  into  two  parts;  this  is  not, 
however,  constant,  as  occasionally  three  cells  may  be  developed  simul- 
taneously from  one  cell  (J.  Arnold).  The  steps  of  mitosis  mav  be  approxi- 
mately stated  as  follows:  In  the  resting  nucleus  the  chromatin  increases 

and  groups  itself  as  a skein,  which  later  becomes  thinner  ( mother  skein). 
During  this  process  the  nuclear  membrane  disappears,  and,  if  the  cell 
possessed  a nucleolus,  this  is  lost  sight  of.  Immediately  following  this — 
probably  in  progress  at  the  same  time — there  are  developed,  apparently 
from  the  achromatin,  delicate  lines  that  pass  off  toward  the  two  poles 
of  the  cell,  giving  the  central  portion  of  the  cell  an  arrangement  shaped 
like  a spindle,  and  hence  the  name  nuclear  spindle.  The  chromatin  now 
divides  transversely  to  this  nuclear  spindle,  and  passes,  one  half  in  each 
direction,  toward  the  points  of  the  spindle.  The  mass  of  chromatin  at 
each  end  of  what  was  the  spindle  now  constitutes  what  are  spoken  of  as 
the  daughter  stars.  During  the  arrangement  of  the  chromatin  as  daughter 
stars  an  hour-glass-like  contraction  of  the  protoplasm  of  the  cell  appears, 
formed  by  an  annular  narrowing  gradually  developed  around  the  center 
of  the  cell.  At  first  the  daughter  stars  situated  in  the  two  poles  of  the  cell 
are  joined  by  delicate  striation,  which  probably  represents  the  remains 
of  the  achromatin  formerly  constituting  the  nuclear  spindle;  these  lines 
disappear,  the  two  masses  of  chromatin  show  no  connection,  and  the 
hour-glass  contraction  is  completed,  separating  the  cell  into  two  parts, 
each  of  which  contains  a daughter  skein,  that  now  rearranges  itself 
as  a resting  nucleus,  around  which  a new  nuclear  membrane  may 
appear. 

Lavdowsky  has  described  another  form  of  cell  division  that  he  calls 
division  by  force.  It  appears  in  this  form:  two  portions  of  the  proto- 
plasm of  the  cell  move  in  opposite  directions,  apparently  pulling  them- 
selves apart.  Thoma  has  described  and  illustrated  this  process  as  oc- 
curring in  the  white  blood-cells  of  the  frog  when  stimulated  by  electricity. 

Inflammation  is  repair  plus  the  removal  of  dead  tissue  or  infection. 
When  there  is  no  dead  tissue  to  remove,  or  the  amount  minimum,  and 
when  there  is  no  infection,  injury  to  tissue  is  followed  immediately  by 
the  process  of  repair. 

Heft  2,  p.  238;  Jurgelunas,  Ziegler’s  Beitr.,  1901,  Bd.  xxix,  Heft  1;  Mallory, 
Jour.  Med.  Research,  Dec.,  1903,  p.  334;  Capaldi,  Memor.  Chirurg.  Palermo,  25th 
year.  Hektoen,  Jour.  Med.  Research,  March,  1902,  n.  s.,  vol.  ii;  Schiffmann, 
Centralbl.  f.  allg.  Path.,  1903;  Schleifstein,  Virch.  Arch.,  March  1,  1904,  Bd.  175, 
Heft  3,  p.  534;  Taddei,  Atti  Accad.  di  Sci.  med.  e nat.  in  Ferara,  1903;  Loeb,  Jour. 
Med.  Research,  1902,  vol.  viii,  p.  109;  Matsokua,  Virch.  Arch.,  Jan.  2,  1904,  vol. 
*75.  P-  32- 


296 


GENERAL  PATHOLOGY. 


As  studied  by  the  surgeon,  healing  is  said  to  take  place  in  the  follow- 
ing ways: 

Union  by  First  Intention. — If  the  surfaces  of  a recent  wound  be 
brought  immediately  in  contact  and  retained,  the  following  phenom- 
ena occur:  Liquor  sanguinis  containing  a variable  number  of  red  cells 

fills  the  interstices  of  the  wound  and  extends  laterally  into  the  lymph- 
spaces  of  the  wound  margins.  Coagulation  is  facilitated  by  the  presence 
of  thrombin  or  its  antecedents  formed  in  the  extravascular  tissues.  The 
resulting  coagulated  liquor  sanguinis — so-called  inflammatory  lymph  or 
fibrinous  cement — supplies  a temporary  binding  between  the  two  mar- 
gins of  the  wound,  affording  sufficient  solidity  to  permit  the  further  prog- 
ress of  repair.  The  first  step  necessary  is  the  removal  of  the  dead  cells 
and  other  structures  which  constitute  irritating  foreign  bodies;  this  is 
accomplished  by  the  leukocytes  which  migrate  from  the  adjacent  lymph- 
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Fig.  135. — -Karyokinetic  Figures  Observed  in  the  Epithelium  op  the  Mouth  Cavity  of  a 

Salamander.  ( Stohr .)  X 560  diameters. 

The  picture  in  the  upper  right-hand  corner  is  from  a section  through  a dividing  egg  of  siredon  pisciformis. 
The  centrosomata,  also  the  first  stages  of  the  development  of  the  spindle,  cannot  be  seen  by  this 
magnification. 


spaces  and  vessels.  In  the  absence  of  infection  the  number  of  poly- 
morphonuclear leukocytes  is  small,  while  the  mononuclears  are  more 
numerous;  proliferative  changes  and  accumulating  mononuclears  give 
rise  to  a tissue  made  up  of  round  or  irregular  cells  to  which,  on  account 
of  their  polymorphism,  Maximow  gives  the  name  polyblasts.  Many  of 
these  are  indistinguishable  from  the  lymphoid  cells  and  large  hyaline 
leukocytes,  from  which  they  are  all  probably  derived;  they  are  identical 
with  the  small  round  cell  or  indifferent  cell  of  the  older  writers.  Among 
these  soon  appears  a cell  apparently  having  an  entirely  different  destiny. 
In  its  younger  forms  it  may  resemble  the  polyblast,  but  soon  becomes 
fusiform  and  eventually  develops  into  long  spindles,  from  the  tapering 
ends  of  which  delicate  fibrils  can  be  seen  extending  a considerable  dis- 
tance from  the  body  of  the  cell;  this  structure  is  called  the  fibroblast. 
Apparently  it  is  the  product  of  proliferative  changes  in  the  fixed  con- 
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nective-tissue  cells  of  the  part.  The  relation  of  the  newly  formed  fibrous 
tissue  to  these  cells  renders  it  clear  that  the  fibrils  are  in  some  way  de- 
veloped from  them,  but  exactly  how  the  elaboration  of  fibrils  is  accom- 
plished is  less  certain.  Of  the  many  methods  that  have  been  suggested, 
three  are  deserving  of  consideration:  (1)  The  older  view  that  the  fibrils 

resulted  from  elongation  and  attenuation  of  the  cell  protoplasm  followed 
by  disappearance  of  the  nucleus  is  not  in  accord  with  the  best  information 
as  to  the  method  by  which  cells  ordinarily  accomplish  the  specific  pur- 
poses toward  which  their  activity  is  directed.  (2)  According  to  this 
view,  the  fibrils  are  formed  at  the  periphery  of  the  cell  from  which  they 
are  shaled  off  or  shed,  new  fibrils  arising  as  rapidly  as  the  older  become  an 
integral  part  of  the  developing  cicatrix.  Eventually  when  the  fibrous 
tissue  formation  is  complete  the  nuclei  of  many  of  the  fibroblasts  dis- 
appear, others  remaining  as  the  fixed  connective-tissue  cells  of  the  scar. 


da  c 


Fig.  136. — Cellular  Elements  of  Formative  Tissue.  ( Schmaus .)  X 500  diameters. 
a,  a.  Polyblasts,  b.  Mother  star.  c.  Daughter  star.  d.  Skein  stage,  e.  Round  or  lymphoid  cells- 

/,/.  Polymorphonuclear  leukocytes. 

(3)  It  is  known  that  the  matrix  of  bone  and  cartilage  is  formed  through 
the  secretory  activity  of  cells  (osteoblasts  or  chondroblasts)  and  that 
most  other  cells  accomplish  function  by  a process  called  secretion.  In 
order  to  coordinate  fibrogenesis  with  osteogenesis  and  chondrogenesis  it 
is  necessary  to  assume  that  the  fibroblasts  in  a way  secrete  the  fibrils 
forming  the  cicatrix;  in  other  words,  that  the  cicatricial  tissue  is  laid 
down  by  these  cells  exactly  as  the  matrix  of  bone  or  of  cartilage  is  formed. 
It  is  possible  to  see  in  some  of  the  fibroblasts  a periphery  of  fine  granules 
which  by  intracellular  or  extracellular  coalescence  might  readily  form 
the  fibrils,  and  it  is  probable  that  this  or  some  similar  method  is  ordinarily- 
followed  in  the  production  of  new  connective  tissue.  The  view  that  the 
fibrils  are  shed  from  the  margin  of  the  cell  is  in  accord  with  their  possible 
secretion,  or  at  least  is  not  inconsistent  with  that  origin. 

In  addition  to  the  cellular  elements  already  mentioned  as  present  in 
tissues  undergoing  repair  there  are  a number  of  cells  the  nature  and 
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function  of  which  are  not  accurately  determined.  Among  these  may  be 
mentioned  the  plasma  cell  and  the  giant  cells  of  repair.  The  plasma  cell1 
is  about  the  size  of  the  lymphoid  or  hyaline  leukocyte;  it  possesses  a round 
or  oval  nucleus  and  a structureless  protoplasm  which  stains  with  varying 
degrees  of  intensity  when  exposed  to  the  action  of  basic  anilin  dyes  (is 
basophilic) . While  frequently  present  in  reparative  processes  it  has  been 
shown  by  Councilman  and  others  that  this  cell  constitutes  an  important 
element  in  the  interstitial  exudate  of  acute,  non-suppurative,  interstitial 
nephritis,  and  in  parenchymatous  inflammations  of  toxic  origin  and  asso- 
ciated with  cell  exudation.  It  is  probable  that  the  plasma  cell  is  a deriv- 
ative of  a hemal  leukocyte,  possibly  the  lymphocyte,  although  upon  this 
point  additional  data  are  needed.  The  function  and  fate  of  the  cells  are 
also  undetermined.  Another  conspicuous  cell  in  reparative  processes  is 
a large,  round,  oval,  or  polymorphous  body,  varying  in  size  from  10  /< 
to  40  ft  or  50  ft  and  containing  a number  of  nuclei;  this  is  the  giant  cell  of 
repair.  Such  elements  are  more  common  in  tissues  containing  foreign 
bodies,  but  are  not  proportionate  to  the  size  or  number  of  extraneous  sub- 
stances. The  nuclei  are  less  commonly  peripheral  than  in  the  giant  cell 
of  tuberculosis,  and  the  protoplasm  is  usually  less  intensely  acidophilic, 
although  neither  of  these  differences  is  constant.  The  origin,  mode  of 
formation,  and  function  of  giant-cells  have  been  the  source  of  much  con- 
troversy since  their  description  by  Johannes  Muller  in  1838.  They  prob- 
ably arise  in  one  of  two  ways:  Nuclear  division  without  associated  pro- 
toplasmic segmentation ; confluence  of  the  protoplasm  of  cells,  resulting  in 
the  formation  of  a type  of  giant  cell  resembling  that  caused  by  the  massing 
of  other  cells,  called  plasmodia.  It  is  probable  that  the  second  is  the  more 
common  method  by  which  these  cells  are  produced;  it  is  fully  in  accord 
with  Forbes’2  study  of  giant-cell  formation  around  agar  injected  into  the 
tissues.  The  number  of  nuclei  present  in  the  giant  cell  varies;  as  many  as 
eighty  have  been  observed  in  a single  cell.  The  researches  of  Heidenhain, 
Koch,  Metchnikoff,  Soudakewitsch,  Faber,  Hektoen,  and  others,  fully 
establish  the  inclusion  and  phagocytic  power  of  giant  cells. 

The  foregoing  description  of  the  cytology  of  reparative  tissue  has  neces- 
sarily led  past  changes  in  other  structures,  notably  the  blood-vessels. 
During  the  early  avascular  stage  the  structure  composed  of  leukocytes 
and  polyblasts,  and  possibly  cells  ancestral  to  the  fibroblast,  has  been 
called  indifferent  tissue,  embryonic  tissue,  or,  including  the  later  stages, 
productive  or  reparative  tissue.  The  name  embryonic  tissue  is  based  on  the 
supposition  that  constituent  cells  possess  capacities  for  growth  comparable 
to  some  of  the  cells  seen  in  the  earlier  stages  of  the  developing  embryo,  and 
are  competent  to  produce  more  than  one  kind  of  tissue,  for  example, 
fibrous  tissue,  bone,  etc.  It  is  probable,  however,  that  the  tissue  eventu- 
ally produced  depends  upon  the  origin  of  the  formative  cell;  when  these 
structures  arise  from  connective  tissue,  an  ordinary  cicatrix  is  formed; 
when  they  are  the  progeny  of  bone  cells,  they  give  rise  to  bone,  and  though 
in  both  instances  the  morphology  and  stain  reactions  render  them  indis- 
tinguishable, the  tendency  to  elaborate  structures  identical  with  the  mother 
tissue  indicates  potential  differences. 

1 For  discussion  of  plasma  cells  see  Schaffer  and  also  Joannovics,  Centralbl.  f. 
allg  Path.,  Bd.  20,  Nov.,  1909;  Schaffer,  Die  Plasmazellen  in  Gaupp  and  Nagel’s 
Encyc.  Anat.  u.  Phys.,  Jena,  1910. 

2 Jour.  Med.,  Research,  Jan.,  1909. 


INFLAMMATION  AND  REPAIR. 


299 


In  order  to  maintain  the  nutrition  of  the  developing  tissue  vasculari- 
zation is  necessary.  While  in  the  embryo  other  forms  of  capillary  de- 
velopment are  recognized,  the  only  form  admittedly  present  in  reparative 
processes  is  development  by  budding.  From  the  walls  of  the  nearest 
capillaries  proliferating  endothelial  cells  give  rise  to  conic  projections 
which  extend  into  the  developing  tissue.  These  projecting  buds,  after 
passing  some  distance  from  their  point  of  origin,  unite  with  other  buds, 
thus  forming  capillary  loops,  through  which  the  circulation  is  established. 
The  tissue  previously  known  as  embryonic  tissue  is  now  granulation  tissue. 
When  seen,  for  example,  in  the- floor  of  an  ulcer,  each  loop  or  group  of 
loops  forms  a minute  elevation  called  a granule ; hence  the  name  granulation 
tissue.  It  is  possible  that  capillaries  formed  in  this  way  may  later  develop 
thicker  walls,  and  may  ultimately  become  arteries  or  veins.  Around  the 


Fig.  137. — Granulation  Tissue.  Later  Stage  in  Organization  than  Figure  136.  ( Schmaus .)  X250 

diameters. 

a.  Round  or  lymphoid  cells,  b.  Fibroblasts,  c.  Spider  cells,  multipolar  cells,  d.  Space  from  which 
cellular  elements  have  dropped  out;  possible  primitive  lymph-spaces,  e.  Point  where  the  evolution 
of  fibrous  connective  tissue  is  most  advanced,  f.  Leukocytes  with  several  nuclei.  Through  this  area 
will  be  seen  young  capillaries,  branched  and  budding;  the  same  are  shown  below  the  blood-vessels 
indicated  by  the  upper  g.  g,  g.  Blood-vessels,  h.  Matrix  of  intercellular  substance  forming  fibrillated 
tissue. 

newly  formed  capillaries  the  development  of  fibrous  tissue  continues. 
At  first  the  cicatrix  is  red,  or  at  least  pinkish,  the  heightened  color  being 
due  to  the  richness  of  its  blood-supply.  Later,  contraction  of  the  inter- 
lacing fibrous  tissue  occurs,  diminishing,  by  pressure,  the  number  and  carry- 
ing capacity  of  the  newly  formed  vessels,  the  tissue  eventually  becoming 
white.  The  tendency  of  developing  fibrous  tissue  to  contract  gives  rise 
to  structural  and  functional  disturbances  in  organs  whose  nutrition  it  so 
profoundly  influences.  The  evidence  of  such  contraction  is  clear  in  disease 
of  certain  viscera,  such  as  the  liver  in  chronic  interstitial  hepatitis,  and  the 
kidney  in  chronic  interstitial  nephritis. 

There  is  sometimes  described  a form  of  repair  that  closely  resembles 
union  by  first  intention — repair  upon  a framework  or  scaffold.  To  illustrate 
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how  this  may  occur,  let  us  suppose  that  there  is  a large  “dead  space,” 
such  as  results  from  chiseling  a cavity  in  bone;  into  this  dead  space  blood 
oozes  and  coagulates.  The  fibrin  forms  a scaffold,  upon  which  young 
blood-vessels  and  embryonic  and  granulation  tissue  advance  from  the  sides 
and  eventually  complete  the  process  of  repair.  Materials  other  than  blood 
have  been  used  for  the  scaffold;  sponge,  chips  of  bone,  cartilage,  ivory 
fragments,  and  allied  substances  that  can  be  readily  antisepticized  are 
sometimes  used. 

Healing  by  second  intention  is  said  to  occur  in  wounds  the  edges  of 
which  cannot  be  brought  together,  and  in  which  the  scaffolding  process, 
already  referred  to,  is  not  available.  The  ordinary  recent  traumatic  ulcer 
is  an  illustration  of  this  process.  Suppose  that  considerable  skin  surface 
is  removed,  and  that  a raw  surface  is  presented  for  healing:  Within  a few 

hours  a layer  of  coagulated  fibrin  and  partly  inspissated  serum  appears 
upon  the  surface  of  the  wound.  Dead  elements  within  the  viable  tissue 
are  attacked  by  the  phagocytes  and  are  removed,  and  proliferation  of  the 
connective-tissue  cells  and  accumulation  of  leukocytes  proceed  to  the 


Fig.  138.— The  Formation  of  Capillaries  in  Embryonic  Tissue. 

K , K,  K.  Endothelial  plates  with  protoplasmic  projections,  a,  a,  which  later  become  capillaries.  Other 
communicating  branches  are  shown.  A part  of  the  vascular  loop  contains  red  blood-cells,  r,  r. 
( Landois .) 

formation  of  embryonic  or  formative  tissue.  Young  capillaries  spring  out 
from  the  adjacent  vessels  and  convert  the  formative  tissue  into  granu- 
lation tissue.  By  continuous  proliferation  of  the  cellular  elements,  with 
pushing  up  of  the  capillaries,  the  cavity  is  gradually  filled,  and  when  this 
new  tissue  reaches  the  surface,  covering  over  by  epithelium  occurs. 

The  epithelial  regeneration  is  secured  through  the  activity  of  the  epi- 
thelial cells  near  the  edge;  these  proliferate,  and  by  extension  from  the 
periphery,  in  favorable  cases,  gradually  cover  the  granulating  surface. 
Epithelium  may  be  grafted1  upon  the  formative  tissue,  and  additional 
centers  of  epithelial  regeneration  may,  in  this  way,  be  established. 

Another  form  of  healing  that  is  truly  repair  by  second  intention 
is  sometimes  referred  to  as  healing  by  third  intention.  This  is  illus- 
trated when  two  granulating  surfaces  are  brought  together;  the  two 
adhere,  blood-vessels  pass  from  one  to  the  other,  and  cicatrization 
occurs,  exactly  as  already  described.  The  final  cicatrization  and  ob- 
literation of  an  abscess  cavity  is  secured  in  this  manner.  After  evacua- 
tion of  the  pus  and  destruction  of  the  bacteria  the  collapsed  walls,  coming 

1 For  studies  of  skin  grafting  see  Davis,  Johns  Hopkins  Hosp.  Reports,  vol.  xv. 
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in  contact,  unite.  It  was  once  considered  that  union  under  a scab  rep- 
resented another  form  of  healing,  but  it  is  now  recognized  that  granu- 
lation and  skinning  over  by  epithelium,  as  already  described,  occur.  It 
is  not,  therefore,  a distinct  process,  but  merely  a form  or  combination 
of  some  of  the  foregoing. 

A close  examination  of  the  forms  of  repair  as  just  given  shows  a dis- 
tinct resemblance  of  each  to  all  the  others;  the  difference,  so  striking 
clinically,  is  far  less  marked  when  we  investigate  the  essential  changes 
through  which  each  must  pass.  In  all  there  is  the  same  preparation  for 
repair,  usually  effected  through  the  activity  of  phagocytes.  Following 
or  accompanying  this,  proliferation  of  pre-existing  elements  leads  to  the 
development  of  fibroblasts,  through  the  presence  of  which  final  cicatri- 


Fig.  139. — Section  Through  the  Border  of  a Healing  Wound  (Diagrammatic).  ( Rindfleisch ) X 300 

diameters. 

o.  Surface  of  ulcer,  b.  Granulation  tissue  composed  of  embryonic  tissue  with  the  capillary  loops  developed 
from  the  vessels  below,  c.  Later  stage  in  the  development  of  the  granulation  into  spindle-cell  ele- 
ments; young  cicatricial  tissue  that  is  older  at  d.  e,f,  g.  The  epithelium  spreading  over  the  surface  of 
the  healing  area. 

zation  is  brought  about.  Even  the  epithelial  regeneration  is  not  essen- 
tially anything  out  of  the  common,  as  wherever  the  skin  has  been  wounded, 
whether  the  injury  be  microscopic  or  large,  proliferation  and  extension 
from  the  margin  must  be  the  only  normal  method  of  covering  the  under- 
lying connective  tissue. 

Regeneration. — Repair  may  occur  without  regeneration.  Thus, 
muscle  may  be  repaired  by  fibrous  tissue,  the  scar  joining  the  severed 
ends  of  the  muscle.  It  does  not  seem,  however,  that  new  muscle  is 
produced,  certainly  not  in  quantities  of  material  value  in  the  restoration 
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of  destroyed  areas.  With  regard  to  nerve  and  bone,  this  is  different; 
repair  terminates  in  regeneration,  and  new  tissue  may  be  produced 
identical  with  that  previously  present.  Regeneration  occurs  in  only 
few  tissues;  nerve  and  bone  are  the  best  examples.  Repair  seems  possible 
in  almost  any  tissue,  but  such  repaired  tissue  may  be,  in  part  at  least, 
functionally  inactive,  because  regeneration  has  not  been  complete.  Thus, 
a large  cicatrix  upon  the  skin  does  not  contain  sweat-glands  or  hair- 
follicles,  and,  while  it  protects  the  subcutaneous  tissues,  it  performs  none 
of  the  special  functions  of  the  skin.  Destroyed  kidney1  tissue  may  be 
followed  by  repair,  but  apparently  not  by  regeneration.  The  investi- 
gations of  Vitale,2  Carrel,3  Guthrie4  and  others  have  shown  that  regenera- 
tion of  the  intima  of  injured  vessels  occurs  promptly  and  is  fully  adequate. 
The  investigations  of  Carrel  on  the  transplantation  of  organs,  and  the 
revitalization  of  vessels  kept  in  cold  storage  for  long  periods  have  greatly 
modified  previous  views  concerning  the  viability  and  regeneration  of 
tissue. 

Many  authorities  regard  regeneration  and  repair  as  essentially  identical 
processes;  thus,  when  repair  terminates  in  the  formation  of  fibrous  tissue, 
they  say  it  is  regeneration  of  the  fibrous  tissue.  No  one  doubts  the  re- 
generation of  fibrous  tissue,  but  when  a large  area  of  the  skin  or  a con- 
siderable volume  of  an  organ  is  converted  into  fibrous  tissue,  with  the 
total  disappearance  of  every  other  structure  but  the  fibrous  tissue,  it 
certainly  is  not  correct  to  say  that  the  organ  is  regenerated,  and  the  enor- 
mous increase  in  fibrous  tissue  amounts  to  something  more  than  the 
mere  regeneration  of  that  element.  Repair,  as  described  here,  is  syn- 
onymous with  regeneration  of  the  fibrous  tissue  described  by  other  writers. 
Regeneration,  as  already  defined,  implies  the  production  of  new  elements 
structurally  and  functionally  allied  to,  if  not  identical  with,  the  destroyed 
tissue  that  they  replace.  The  regeneration  of  nerve  and  bone  is  con- 
sidered with  the  special  pathology  of  those  structures.5 

1 Pearce,  Jour.  Med.  Research,  Jan.,  1909,  p.  53. 

2 Giorn.  internaz.  d.  Sci.  med.,  Nos.  16  and  17,  1906. 

3 Sect.  Surg.  and  Anat.,  Amer.  Med.  Assoc.,  1908;  Annals  of  Surg.,  Oct.,  1910, 
and  Jour.  Exper.  Med.,  vol.  xii,  No.  4,  19x0. 

4 Sect.  Surg.  and  Anat.,  Amer.  Med.  Assoc.,  1908. 

5 See  chapter  on  Nervous  System  and  chapter  on  Diseases  of  Bones,  Part  II. 
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TUMORS. 

The  word  tumor,  which  means  swelling,  has  been  variously  applied 
in  medical  literature.  Some  writers  evidently  include  among  the  tumors 
cellular  collections  clearly  of  inflammatory  origin;  to  such  aggregations 
of  cells  is  given  the  name  inflammatory  tumors,  granulation  tumors,  etc. 
The  tendency  at  present  is  to  exclude  all  such  masses  and  restrict  the 
term  tumor  to — (i)  neoplasms;  (2)  cysts. 

NEOPLASMS.1 

A neoplasm  is  a morbid  growth  characterized  by  a tendency  to  persist 
or  increase  in  size,  independently  of  changes  in  the  metabolism  of  con- 
tiguous or  systemic  structures,  and  performing  no  useful  function.  In 
the  present  state  of  our  knowlege  the  most  striking  phenomenon  in  con- 
nection with  tumors  is  their  apparent  purposeless  existence;  the  inflam- 
matory new  growths  result  from  the  reaction  of  the  tissues  to  an  evident 
cause,  and  are  characterized  by  efforts  to  overcome  the  inciting  agent  or 
protect  contiguous  tissues,  or  the  system  at  large,  from  further  injury. 
The  inflammations  and  infections  with  which  we  are  familiar  are  attended 
by  distinguishing  clinical  phenomena  and  more  or  less  characteristic 
anatomic  changes.  The  increased  tissue  growth  seen  in  hypertrophy 
supplies  structure  for  augmented  function  upon  which  its  evolution  largely 
depends  and  with  the  disappearance  of  which  the  hypertrophy  tends  to 
subside. 

The  general  tendency  to  regard  tumors  as  without  function  is  correct 
in  part  only;  Waring2  states  that  rennin  and  pepsin  may  be  extracted  from 
the  cells  in  gastric  cancer,  and  that  from  both  the  primary  and  secondary 
growths  originating  in  the  pancreas,  ferments  normally  developing  in  that 
gland  may  be  found  in  varying  quantities.  In  carcinoma  arising  from 
epithelium  of  the  thyroid,  symptoms  of  hyperthyroidism  may  be  present, 
disappearing  when  the  tumor  is  removed  and  reappearing  with  recurrence 
even  when  the  latter  is  metastatic.  Albrecht3  describes  an  endothelioma 
the  histology  of  which  indicated  that  red  blood-cells  were  being  produced 
within  the  tumor. 

General  Considerations. — For  purposes  of  clinical  description  and 
pathologic  study  certain  terms  with  which  the  student  should  be  familiar 
are  used  in  connection  with  tumors.  In  studying  tumors  for  either 
diagnostic  or  pathologic  purposes  there  should  always  be  a definite 
routine  in  the  method  of  examination,  as  will  be  insisted  upon  when  con- 

1 For  clinical  study  of  tumors  the  works  of  Bland-Sutton,  and  Senn  are  espe- 
cially recommended.  An  exhaustive  clinical  and  pathological  review  of  tumors  is 
given  by  Borst,  Die  Lehre  v.  d.  Geschwulst.  m.  e.  mikroscop.  Atlas,  Wiesbaden, 
1902.  See  also  Chantemesse  and  Podwyssotsky,  Les  Processus  Generaux,  1905, 
vol.  11,  p.  61. 

2 Jour.  Anatomy  and  Physiology,  London,  vol.  xxviii,  p.  140. 

3 Munch,  med.  Woch.,  July  8,  1902. 
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sidering  postmortems.  The  following  order  is  commended:  (i)  Describe 
the  tumor;  (2)  its  relation  to  surrounding  tissue  and  organs;  (3)  the  history 
of  the  tumor;  (4)  the  history  of  the  patient.  In  purely  clinical  studies  it 
is  common  to  begin  with  the  history  of  the  patient,  and  the  foregoing 
order  may  be  reversed  without  affecting  its  usefulness. 

In  describing  the  tumor  the  following  points  may  be  of  aid  in  diagnosis, 
and  should  be  developed  in  the  history:  (a)  Its  situation,  superficial  or 

deep,  on,  or  in  contact  with,  epithelial  surfaces,  deep  in  a purely  connective- 
tissue  area,  or  within  a structure  composed  of  one  or  both  tissues;  this  in- 
cludes the  organ  involved,  (b)  The  conformation  of  the  tumor:  Is  it 
globular,  flat,  bossed,  pendulous,  pedunculated,  pyriform,  conic,  excrescent, 
polypoid,  dendritic,  sessile,  cauliflower,  tuberous,  lobulated,  fungoid,  etc.  ? 
(c)  The  size  of  a tumor  may  be  approximately  estimated  before  it  is  re- 
moved from  the  body.  After  removal  accurate  measurements  should  be 
made  and  the  mass  weighed,  (d)  Number:  Is  the  tumor  single — that  is, 

solitary — or  is  it  multiple?  If  multiple,  was  it  so  from  the  beginning,  or 
was  one  tumor  followed  by  a succession  of  others?  Are  all  the  tumors 
apparently  alike,  having  the  same  conformation,  consistency,  and  similar 
location?  (e)  Consistence : Some  tumors  are  so  soft  that  they  fluctuate; 
others  are  semisolid,  gelatinoid,  solid,  hard,  or  even  eburnated.  (/)  Color: 
This  includes  the  color  of  the  overlying  structures.  The  tissue  covering 
a tumor  may  be  normal  or  inflamed;  it  may  contain  tortuous  veins;  it  may 
be  edematous,  or  even  pigmented;  it  may  be  so  vascular  that  the  color  is 
of  a blood  tint,  either  pink  or  red,  or,  in  some  instances,  cyanotic,  (g) 
The  mobility  of  the  tumor:  Is  the  tumor  movable  in  the  tissue  that  sur- 

rounds it?  Is  it  movable  only  with  the  organ  involved,  or  has  the  tumor, 
as  well  as  the  affected  organ,  become  attached  to  adjacent  structures? 
(h)  Sensibility : Is  the  tumor  painful,  tender,  sensitive  to  changes  in 

temperature  or  to  atmospheric  conditions?  Is  the  pain  or  tenderness 
constant,  remittent,  or  intermittent? 

The  influence  of  the  tumor,  if  any,  upon  surrounding  structures:  Are 

they  involved,  inflamed,  edematous,  sensitive,  or  anesthetic? 

The  history  of  the  growth:  How  long  has  the  tumor  persisted?  Is  it 

growing  rapidly  or  slowly?  Has  growth  been  constant  or  intermittent? 
Is  growth  influenced  by  any  of  the  functions  of  the  body?  (For  example, 
some  tumors  in  women  enlarge  during  menstruation.)  What  pathologic 
processes,  if  any,  are  present  within  the  tumor?  Is  there  evidence  of 
inflammation,  gangrene,  cyst  formation,  suppuration,  infiltration,  or  of 
degeneration? 

History  of  the  Patient. — Age:  Some  tumors  appear  in  the  young, 
others  are  more  frequent  in  middle  life,  and  many  occur  chiefly  in  the  old. 
Sex:  Some  tumors  are  more  frequent  in  the  male;  others,  in  the  female. 
Carcinoma  of  the  male  breast  occurs  in  about  one  per  cent,  of  all  cases 
of  mammary  cancer.  Social  condition.  Married  or  single.  Occupation: 
Certain  tumors  have  long  been  recognized  as  frequently  associated 
with  given  occupations:  e.  g.,  chimney-sweep’s  cancer.  Habits:  A few 
tumors  depend,  apparently,  to  a certain  extent,  at  least,  upon  given 
habits:  e.  g.,  smokers’  cancer.  Heredity:  There  is  reason  to  believe 

that  in  some  tumors  inheritance  may  play  a part.  Has  the  general  nutri- 
tion of  the  patient  been  influenced  in  any  way,  and  is  the  influence  purely 
mechanical,  such  as  may  result  from  the  weight  of  the  tumor,  or  is  it 
attributable  to  the  position?  Have  ulceration  or  infectious  processes 
modified  general  nutrition?  In  the  absence  of  any  other  explanation, 
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it  may  be  inferred  that  the  tumor  itself  has  been  prejudicial  to  the  patient’s 
health. 

Previous  history  of  the  organ  or  tissue  involved:  Is  there  a history 
of  injury  or  inflammation,  such  as  might  occur  in  the  breast  during 
lactation?  Has  there  been  any  previous  disease  of  the  gland  or  structure 
involved? 

Causes.1 — It  is  not  probable  that  different  tumors  arise  as  a result 
of  the  action  of  a single  cause.  As,  however,  we  know  very  little  con- 
cerning the  exact  etiology  of  any  particular  tumor,  certain  general 
considerations  are  permissible.  The  older  theories,  attributing  the 
occurrence  of  tumors  to  alterations  in  the  humors  of  the  body,  par- 
ticularly of  the  blood,  and  similar  hypotheses,  may  at  once  be  discarded. 
The  following  hypotheses  are  deserving  of  consideration: 

The  Durante-Cohnheim  Inclusion  Theory .2 — This  theory  is  based 
upon  the  supposition  that,  during  embryonic  development  and  the  speciali- 
zation of  the  cells  entering  into  the  formation  of  organs  and  adult  tissues, 
more  embryonic  elements  are  produced  than  are  necessary,  and  that  these 
cellular  elements  become  quiescent  in  the  tissues,  where  they  may  remain, 
constituting  embryonic  “rests”  or  “remnants,”  from  which,  later, 
tumor  formation  takes  place.  Barfurth  showed  that  it  was  possible  for 
experimentally  displaced  germinal  layers  to  develop  in  a new  condition, 
and  Zahn,  followed  by  Leopold,  proved  that  fetal  tissues,  especially 
cartilage,  withstood  transplantation  far  better  than  fully  developed 
structures.  Roux  demonstrated  the  structural  existence  of  the  hypothetic 
bodies  from  which  Cohnheim  thought  tumors  arose.  Such  embryonic 
rests  or  remnants  would  be  exceedingly  likely  to  occur  where  develop- 
mental processes  are  complex,  as,  for  example,  where  different  forms  of 
epithelium  join.  Such  points  of  tumor  election  undoubtedly  occur,  as  is 
shown  by  the  development  of  cancer  at  the  various  orifices  of  the  body 
and  at  points  of  epithelial  transition,  such  as  the  lip,  cervix  uteri,  etc. 
This  theory  also  explains  to  advantage  the  occurrence  of  chondroid  tumors 
in  or  from  bone,  and  of  melanotic  neoplasms  from  quiescent  pigmented 
cells  in  moles,  and  affords  a most  acceptable  explanation  for  the  develop- 
ment of  dermoid  cysts.  The  theory,  however,  is  wanting  in  several  ways. 
In  the  first  place,  admitting  the  occurrence  of  these  remnants,  it  would 
appear  that  a further  etiologic  factor  is  necessary  in  order  to  stimulate 
them  to  renewed  activity.  Another  objection  is  afforded  by  the  fact 

Won  Leyden,  Brit.  Med.  Jour.,  May  13,  1905,  p.  1056;  Orth.  Berl.  klin. 
Woch.,  1905,  No.  11 ; Oertel,  New  York  Med.  Jour.,  July  6,  1907;  Hansemann 
and  Meyer,  Zeit.  f.  Krebsforsch,  Bd.  5,  H.  3,  1907;  von  Dungern  and  Werner, 
Das  Wesen  der  bosartigen  Geschwiilste;  Eine  biolog.  Studie.,  1907;  Loeb,  Deut. 
med.  Woch.,  Jan.  1,  1908;  Verse,  Arbeiten  a.  d.  patholog.  Inst.  z.  Leipzig.^  hcraus- 
gegeben  von  F.  Marchand,  vol.  1,  part  5,  1908;  Apolant  and  Ehrlich,  Ueber  die 
Genese  des  Carcinoma,  Jena,  1908;  Wade,  Jour.  Path,  and  Bact.,  Jan.,  1908; 
Ewing,  Arch.  Intern.  Med.,  Feb.,  1908;  Robertson  and  Young,  Brit.  Med.  Jour., 
Sept.'  25,  1909,  p.  868;  Mallory,  Jour.  Exper.  Med.,  Sept.,  1908;  Ticsenhausen, 
Virch.  Arch.,  Bd.  195,  H.  1,  1909,  p.  154;  Gay,  also  Tyzzer,  and  Wolbach,  A 
Course  of  Lectures  on  Tumors,  Cancer  Commission,  Harvard  Univ.,  1909;  Lewin, 
Deut.  med.  Woch.,  April  22,  1909;  Schwalbe,  Virch.  Arch.,  Bd.  196,  H.  2,  1909; 
Wolbach,  Boston  Med.  and  Surg.  Jour.,  Aug.  5,  1909;  Rous.  Jour.  Exper.  Med., 
1910,  vol.  xii,  No.  3;  Miller,  Virch.  Arch.,  Bd.  199,  H.  3,  1910;  Borrel,  Annales 
de  l’lnst.  Pasteur,  Oct.  25,  1910,  p.  778. 

2 Monti  (Fundamental  Data  of  Modern  Pathology,  Sydenham  Translation,  p.  51) 
has  shown  that  Durante  enunciated  this  theory  in  all  its  essential  details  before  the 
appearance  of  Cohnheim ’s  publication. 
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that  many  localities  in  which  complex  developmental  processes  occur, 
such  as  the  heart  and  the  nervous  system,  are  singularly  free  from  tumors, 
and  that  when  they  do  occur  in  such  tissues,  they  are  not  commonly 
situated  at  points  at  which  the  complexity  of  development  is  most  marked. 
Epithelial  rests  are  sometimes  demonstrable,  and  yet  no  tumor  formation 
takes  place.  The  occurrence  of  tumors  as  the  result  of  trauma  (to  be  con- 
sidered later)  is  not  wholly  inconsistent  with  this  theory. 

Injury  and  inflammation  appear  to  be,  in  a certain  percentage  of 
tumors,  important  etiologic  factors.  Persistent  or  long-continued  ir- 
ritation seems  to  favor  the  development  of  tumors  belonging  to  the 
epithelial  group.  As  examples  of  such  tumors  the  following  may  be 
mentioned:  Carcinoma  of  the  scrotum  in  chimney-sweeps;  epithelioma  of 
the  arm  in  workers  with  paraffin  and  tar;  smokers’  cancer  of  the  lip  or 
tongue,  and  cancer  of  the  tongue  apparently  due  to  in  jury  by  a carious  tooth ; 
epithelioma  due  to  chewing  betel  nut;  cancer  of  the  rectum  or  bladder  in 
bilharzial  disease;  epithelioma  of  the  abdominal  skin  due  to  repeated 
burns  resulting  from  carrying  a charcoal  stove  under  the  outer  clothing 
or  next  to  the  skin;  X-ray  cancer1  in  Roentgenologists;  cancer  of  the  uterus 
is  more  frequent  in  married  than  in  single  women  and  is  most  frequent 
in  those  who  have  borne  children ; the  frequency  of  cancer  due  to  gall-stones; 
carcinomatous  degeneration  of  gastric  ulcer;  and  epithelioma  originating  in 
the  margins  of  chronic  ulcerative  processes.  Among  the  non-malignant  epi- 
thelial tumors  the  development  of  which  appears  to  be  favored  by  injury  or 
irritation  may  be  cited  the  papillomatous  masses  due  to  the  accumulations 
of  irritating  discharges,  particularly  around  the  anus  and  external  genital 
organs,  when  the  parts  are  not  kept  properly  cleansed.  Sarcoma  following 
fracture  or  injury  of  bone,  and  fibroneuromata  of  the  severed  ends  of 
nerves  after  amputation,  may  be  mentioned  as  connective-tissue  tumors 
offering  strong  support  to  this  theory.  The  occurrence  of  tumors 
at  points  particularly  liable  to  injury  is  another  argument  in  its  favor. 

Numerous  objections  have  been  made  to  the  acceptance  of  this 
theory.  In  about  eighty-five  per  cent,  of  all  tumors  no  history  of  injury 
can  be  obtained.  On  the  other  hand,  the  frequency  with  which  injuries 
are  received  is  not  at  all  in  proportion  to  the  total  number  of  tumors 
occurring.  Parts  particularly  subject  to  injury,  such  as  the  hands  and 
feet,  are  not  commonly  affected,  and  the  nipple,  which  is  frequently 
injured,  is  rarely  the  seat  of  a tumor. 

Parasitic  Influence. — The  germ  theory  has  been  invoked  to  explain 
the  formation  of  tumors,  particularly  the  malignant  neoplasms,  in  which 
metastases  are  conspicuous.  By  some  the  essential  parasitic  body  is 
believed  to  be  an  animal  parasite  belonging  to  the  protozoa,  certain  forms 
resembling,  if  not  identical  with,  the  coccidia  already  described.  (See  p. 
169.)  Others  believe  that  the  infecting  body  is  a vegetable  organism 
belonging  to  the  blastomycetes.  In  further  support  of  the  parasitic  origin 
of  tumors  the  demonstrable  autoinoculability  of  cancer  is  adduced. 
Thus,  it  has  been  shown  that  cancer  of  one  labium  may  attack  the  point  of 
contact  upon  the  opposite  labium;  cancer  of  the  cervix  may  attack  the 
contiguous  vaginal  vault;  and  cancer  reaching  the  peritoneal  surface  may 
show  a similar  inoculability.  It  may  be  said  at  this  point  that  such  in- 
oculability  may  be  an  evidence  of  grafting,  just  as  epithelial  cells  may  be 

1 Wolbach,  also  Porter,  Jour.  Med.  Research,  Oct.,  1909;  Marie,  Sem.  Med., 
May  4,  1910,  p.  214. 
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grafted  from  place  to  place,  or  from  one  individual  to  another — skin 
grafting — without  of  necessity  invoking  the  intervention  of  any  parasite. 
A similar  explanation  is  offered  with  regard  to  the  grafting  of  cancer 
from  one  animal  to  another.  The  inoculation  of  tumors  thought  to  be 
sarcomata,  and  occurring  on  the  genitalia  of  dogs,  is  believed  by  some 
to  be  an  evidence  of  the  inoculability  of  sarcomata.  Others1  maintain 
that  the  tumor  in  question  is  not  a sarcoma,  but  that  it  belongs  to  that 
group  of  inflammatory  embryonic  cellular  collections  not  easily  differen- 
tiated from  round-cell  sarcoma. 

Parasitism  of  Cells. — It  is  not  impossible  that  normal  cellular  elements 
may  take  on  a certain  parasite-like  property  that,  in  the  presence  of  re- 
duced resistance  afforded  by  other  elements,  permits  of  their  extension 
beyond  normal  limits.  Thus,  in  cancer  cellular  elements  believed  to  be  of 
epithelial  origin  are  found  abundantly  infiltrating  connective  tissues. 
Normally,  epithelium  does  not  so  extend,  nor,  in  most  instances,  even  when 
introduced  experimentally,  does  it  acquire  any  such  property.  Should 
further  experiment  show  that  conditions  may  arise  under  which  epithelium 
can  acquire  or  manifest  the  faculty  of  intraconnective-tissue  growth, 
without  the  intervention  of  any  other  factor,  we  may  assume  that  the 
manifestation  of  this  parasite-like  character  leads  to  the  development 
of  cancer. 

In  some  respects  similar  to  the  preceding  is  Ribbert’s2  theory  of  the 
origin  of  cancer.  This  observer  believes,  however,  that  the  initial  change  is 
in  the  connective  tissue  or,  at  least,  that  structure  loses  its  opposing  influence 
on  contiguous  epithelium  or  surrounds  and  snares  off  nests  of  epithelial 
cells  which,  no  longer  subject  to  normal  resistance — “tissue  tension’’ — 
acquire  the  capacity  of  limitless  growth.  Cancer  according  to  Ribbert 
begins  by  excessive  proliferation  of  epithelial  cells,  but  without  withdrawal 
of  connective-tissue  antagonism,  invasion  of  the  subepithelial  structures 
does  not  occur.  Tissue  tension  is  that  influence  exerted  by  one  tissue 
to  retain  another  in  bounds;  the  loss  of  this  quality  results  in  overgrowth 
and  infiltration  by  cells  of  the  unrestrained  tissue.  The  theory  is  not 
discordant  with  those  considering  trauma  and  irritation  important  factors 
nor  with  any  “rest’’  theory  advanced. 

Adami  presents  a most  fascinating  argument  in  favor  of  the  view 
that  whatever  may  be  the  origin  of  tumors,  the  most  important  element 
in  their  production  is  the  fact  that  the  cells  forming  the  neoplasm  give 
up  the  habit  of  function  and  acquire  the  habit  of  growth.  Reproduction 
is  of  course  an  essential  function  in  all  cells,  but  in  addition  to  proliferative 
power  every  cell  is  endowed  with  the  inherent  capacity  to  perform  some 
specific  duty,  in  the  consummation  of  which  it  utilizes  more  or  less  of  the 
energy  that  it  is  able  to  transform  from  the  nutrition  supplied.  If  the 
cell  ceases  to  perform  this  specific  function,  whatever  that  duty  may  be, 
the  energy  previously  converted  in  that  direction  is  now  transferred  to 
the  reproductive  capacity  of  the  cells,  thereby  leading  to  proliferation 
in  excess  of  the  normal.  The  originator  of  this  suggestive  hypothesis 
fully  recognizes  the  necessity  for  some  reason  accounting  for  the  cell’s 
acquisition  of  the  habit  of  growth  at  the  expense  of  the  habit  of  function. 
The  fact  that  malignant  neoplasms  of  epithelial  origin,  and  particularly 
those  arising  from  the  mammary  gland  and  uterus,  appear  at  a time  when 

1 Williams,  Path.  Soc.  of  London,  Nov.  6,  1908,  and  discussion  by  Lazarus- 
Barlow. 

2Beitr.  z.  Entstehung  d.  Geschwiilste,  Bonn,  1907. 
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function  is  on  the  decline,  is  fully  in  support  of  Adami’s  view.  He  further 
maintains  that  irritation,  parasitic  or  otherwise,  may  so  modify  the  cell 
that  proliferation  becomes  excessive  and  secretion  or  other  specific 
function  proportionately  diminishes. 

Predisposing  Causes. — The  foregoing  brief  consideration  of  the  most 
plausible  reasons  advanced  to  explain  neoplastic  growths  indicates  our 
ignorance  of  the  essential  etiologic  factor  in  tumor  formation.  There  are, 
however,  certain  predisposing  elements  worthy  of  consideration.  Some 
of  the  conditions  previously  considered  may  be  active  only  in  this  way. 
Trauma  and  inflammation  may  predispose  to  tumor  formation,  just  as  they 
predispose  to  infection,  and  long-continued  irritation  or  prolonged  ulcera- 
tion may  act  only  as  predisposing  elements.  With  regard  to  age,  it  may  be 
said,  in  a general  way,  that  physiologic  activity  favors  the  development 
of  sarcoma,  while  senescence,  or  physiologic  decline,  predisposes  to  the 
occurrence  of  cancer  (Da  Costa).  The  influence  of  inheritance  cannot  be 
entirely  ignored,  although  it  is  probably  slight. 

Tumor  Growth. — Tumors  are  said  to  enlarge  or  to  extend  either  by 
interstitial  growth  or  by  dissemination.  By  the  former  is  meant  that  the 
growth  within  the  tumor  is  uniform;  that  it  increases  in  size  by  prolifera- 
tion of  its  cells,  without  any  dislodgment  except  that  incident  to  one  cell 
pressing  upon  and  altering  the  position  of  another  during  the  process 
of  multiplication.  Such  tumors  are  likely  to  form  capsules,  the  capsule 
developing  either  as  a part  of  the  tumor  or  by  condensation  of  the  sur- 
rounding tissue.  The  simple  nonmalignant  tumors  may  have  capsules 
formed  in  either  of  the  two  ways  indicated,  but  the  malignant  neoplasms 
are  less  likely  to  have  anything  like  a capsule,  by  reason  of  the  fact  that 
they  grow  largely  by  dissemination. 

Growth  by  dissemination  is  said  to  be — growth  by  infiltration ; growth 
by  metastasis. 

Local  dissemination  or  infiltration  is  an  extension  of  the  tumor  into 
the  surrounding  tissue;  this  usually  occurs  by  the  entrance  of  the  tumor 
cells  into  the  lymphatics.  Tumors  growing  by  infiltration  possess  no 
sharply  defined  border,  and  are,  therefore,  without  capsules,  thus  render- 
ing the  surgeon  unable  to  determine  definitely  how  far  from  the  neoplasm 
it  is  necessary  to  keep  in  order  to  remove  all  of  the  tumor  tissue. 

Metastasis. — When,  as  just  indicated,  the  tumor  cells  penetrate  lym- 
phatics, it  will  be  seen  how  easy  it  is  for  such  infiltrated  cells  to  be  caught 
in  the  lymph-stream  and  carried  to  the  lymph-nodes  into  which  the  lym- 
phatics of  the  area  involved  empty;  such  extension  is  most  common  in 
cancers,  although  it  may  occur  in  sarcoma,  and  is  known  as  metastasis  by 
the  lymph -stream. 

Extension  of  neoplasms  by  the  lymphatics  should,  and  ordinarily 
does,  include  metastasis  by  the  lacteals.  The  latter  is  of  infrequent  occur- 
rence, but  when  present  gives  rise  to  appearances  that  may  mislead  the 
uninitiated.  The  lacteal  vessels  of  the  intestinal  wall  and  mesentery 
become  tortuous,  cord-like,  and  irregularly  enlarged,  sometimes  present- 
ing a moniliform  aspect.  In  some  cases  the  condition  is  associated  with  a 
chylous  transudate  in  the  peritoneal  cavity;  often  there  is  no  such  evidence 
of  obstruction.  Usually  emaciation  or  other  evidence  of  malnutrition  is 
extreme  and  unaccounted  for  by  the  character  or  extent  of  the  growth. 

Tuffier1  calls  attention  to  cutaneous  inoculation  from  ulcerating  surface 

1 La  Bull,  med.,  Dec.  3,  1904. 
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cancers.  He  believes  that  the  small  outlying  nodules  often  adjacent  to 
carcinoma  of  the  breast  are  due  to  transcutaneous  autoinoculation.  I have 
seen  a few  instances  of  this  type  of  neoplastic  extension.  It  is  well  known 
that  when  an  ulcerating  malignant  tumor  is  constantly  in  contact  with  a 
previously  healthy  surface  the  tissues  of  the  latter  may  be  invaded  by 
the  growth.  In  this  way  a neoplasm  of  the  alveolar  process  may  reach  the 
mucosa  of  the  cheek  or  tongue,  a cancer  of 
the  cervix  invade  the  vaginal  vault,  or  a 
malignant  tumor  of  one  labium  inoculate 
the  apposed  surface  of  the  vulva  or  thigh. 

These,  however,  are  different  from  trans- 
plantations some  of  which  resemble  hema- 
togenous distribution  of  neoplasms.  Can- 
cer in  the  esophagus  may  be  followed  by 
carcinoma  of  the  stomach  or  lower  alimen- 
tary canal,  and  cancer  of  the  ureteral  pelvis 
by  involvement  of  the  bladder.  Of  course 
it  cannot  be  certain  that  the  second  tumor 
is  not  an  independent  one,  due  to  influ- 
ences causing  the  first;  the  succession  of 
events,  however,  is  suggestive  and  especially 
so  when  squamous-cell  cancer  of  the  intes- 
tine succeeds  an  identical  growth  in  the 
esophagus.  Closely  resembling  the  forms 
of  metastasis  and  inoculation  just  men- 
tioned is  wound  inoculation.  Cancer  may 
develop  along  the  track  of  a trocar  used 
to  withdraw  fluid  from  the  peritoneum  in 
cases  of  cancer  of  the  serosa.  Growths  in 
scars  from  operation  wounds  have  in  some  instances  a like  origin. 

Metastasis  by  the  Blood. — In  certain  tumors,  particularly  in  sarco- 
mata, the  walls  of  the  blood-vessels  are  poorly  formed — indeed,  in  some 
specimens  little  structurally  comparable  to  the  normal  wall  may  be 
demonstrable;  the  blood  traversing  such  tumors  passes  through  sinuses, 
the  walls  of  which  are  not  uncommonly  formed  entirely  of  tumor  cells. 
These  cells  may  drop  off  into  the  blood-stream  and  be  carried 
along  as  emboli  (neoplastic  emboli),  reproducing  the  tumor  wherever 
they  lodge.  Again,  a tumor  may  infiltrate  the  wall  of  a blood-vessel 
and  project  into  its  interior,  and  small  fragments,  breaking  off,  may 
be  carried  to  distant  parts.  The  walls  of  the  veins  being  thinner  than 
those  of  the  arteries,  infiltration  is  rendered  easier,  and  the  circulatory 
conditions  make  the  consequences  more  disastrous.  Neoplastic  emboli 
formed  by  penetration  of  the  femoral  artery  can  be  carried  only  to  the 
structures  of  that  limb;  if,  however,  the  emboli  be  thrown  into  the  femoral 
vein,  their  next  point  of  lodgment  would  probably  be  the  lung. 

Pigmentation  occurring  in  tumors  may  result  from  hemorrhage  within 
the  tumor  and  from  the  disintegration  of  blood  coloring-matter,  or  it 
may  be  due  to  the  fact  that  the  neoplastic  cells  produce  a pigment, 
such  as  is  seen  in  chloroma,  melanotic  sarcoma,  and  a few  other 
tumors.  It  may  also  be  due  to  the  development  of  certain  bacteria, 
particularly  if  the  tumor  be  ulcerated. 

Classification. — At  one  time  it  was  quite  the  custom  for  clinicians  to 
classify  tumors  according  to  some  symptom  or  peculiarity  of  shape.  As 


Fig.  140. — Small  Intestine. 

Dilatation  of  the  lacteals  due  to 
sarcomatous  implication  of  the 
receptaculum  and  adjacent  tissues. 
The  primary  growth  in  this  case 
was  thought  to  have  been  in  the 
adrenal.  (Drawing  ^natural  size.) 
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examples  of  this  may  be  mentioned,  scirrhus,  for  hard,  and  encephaloid, 
for  soft  cancer;  again,  bleeding  tumors,  when  fungoid,  all  came  under 
the  one  head,  “fungus  hematodes.”  Very  properly  the  indefinite 
grouping  based  on  pure  clinical  attributes  has  fallen  into  disuse,  although 
many  of  the  terms  possess  considerable  descriptive  value;  scirrhus,  en- 
cephaloid, dendritic,  melanotic,  and  allied  designations  are  useful,  and 
benign  and  malignant  have  been  supplanted  by  nothing  better. 

Clinically,  tumors  are  said  to  be  benign  or  malignant.  By  the  former 
is  meant  that  the  tumor  itself  does  not  necessarily  involve  danger  to  life, 
while  the  latter  implies  that,  if  undisturbed,  the  neoplasm  eventually 
proves  fatal.  A tumor  ordinarily  innocent  or  benign  may  destroy  life 
simply  by  its  location;  for  example,  a fibrous  tumor  growing  on  the  inside 
of  the  skull.  This,  however,  does  not  justify  our  placing  fibrous  tumors 
with  the  malignant  neoplasms,  as  the  fact  that  it  proves  fatal,  in  the  par- 
ticular instance  cited,  is  what  Park  has  termed  “ malignancy  by  accident  of 
location.”  In  this  connection  it  is  well  to  recall  that  benignancy  and 
malignancy  are  relative  qualities,  and  that  sometimes  a neoplasm,  possess- 
ing the  clinical  and  pathologic  attributes  that  are  practically  always 
accompanied  by  malignancy,  may  astonish  the  observer  by  rapidly  dis- 
appearing. Cathcart1  has  collated  numerous  instances  tending  to  show 
that  the  usually  sharply  drawn  line  between  innocent  and  malignant 
tumors  is  not  always  justified  by  clinic  and  pathologic  data.  Osier  re- 
ported a number  of  cases  of  clearly  established  cancer  in  which,  although 
recurrence  followed  operation,  the  tumor  finally  disappeared.  This 
so-called  spontaneous  cure  of  malignant  tumors  is  so  infrequent  that 
clinicians  commonly  ignore  its  occurrence.  The  conversion  of  non- 
malignant  into  malignant  tumors  is  much  more  frequent;  fibromata  and 
myomata  are  sometimes  transformed  into  sarcomas,  and  adenoma  and 
papilloma  into  cancer. 

Mallory  has  proposed  a classification  based  on  the  cellular  and 
particularly  on  the  fibrillar  structures  of  tumors,  but  until  more  extended 
observations  have  brought  all  neoplasms  within  the  scope  of  active 
determination  the  method  does  not  promise  satisfactory  results.  The 
fibrils  of  glia  (neuroglia  fibrils)  and  those  of  fibrous  tissue  (fibroglia)  and  of 
muscle  (myoglia)  are  typic  examples. 

No  fully  satisfactory  classification  of  tumors  can  be  made  at  present; 
when  we  become  familiar  with  their  etiology,  it  is  probable  that  more 
may  be  accomplished.  The  extension  of  our  knowledge  as  to  the  minute 
structure  of  tumors  has  led  to  many  attempts  to  classify  neoplasms  upon 
data  derived  from  a study  of  their  morbid  histology  and  histogenesis. 
Even  if  possessing  no  other  advantages  this  basis  offers  a method  by  which 
neoplasms  may  be  brought  into  related  groups,  thereby  facilitating  clinical 
and  pathologic  inquiry. 

Classification  Based  on  Histogenesis.— The  principle  upon  which  this  is 
based  takes  into  consideration  the  embryologic  derivation  of  the  tissue 
composing  the  neoplasm.  Next  to  a classification  based  on  etiology,  at 
present  admittedly  impossible,  one  duly  considering  the  derivation  of 
structures  entering  into  tumors  seems  the  best  at  present  available. 
Waldeyer  constructed  such  a classification  recognizing  tumors  derived 
from  the  epiblastic  and  hypoblastic  tissues  and  constituting  the  epithe- 
lial neoplasms  and  a second  group,  comprising  neoplasms  originating  from 

1 Brit.  Med.  Jour.,  June  4,  1904,  p.  1300. 
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mesoblastic  elements  which  are  termed  connective-tissue  tumors.  These 
were  again  subdivided  on  the  basis  that  each  of  the  major  groups  embraced 
(a)  new  growths  in  which  the  elements  followed  types  of  differentiated 
higher  tissues,  normal  types  of  tissue,  such  as  fibrous  (fibroma),  cartilage 
(chondroma),  muscle  (myoma),  and  so  on  through  the  list.  The  other 
sub-group  (6)  followed  no  type  of  adult  tissue,  were  atypic,  and  included 
sarcoma  of  the  connective  tissue  series  and  carcinoma  composed  of 
epithelium. 

The  plan  had  many  defects  but  improved  on  those  that  preceded  it. 
Embryologists  noted  that  it  failed  to  take  cognizance  of  the  fact  that  from 
the  mesoblast,  organs  resembling  structures  derived  from  epiblast  and 
hypoblast  were  developed,  and  it  was  also  apparent  that  neoplasms 
of  the  central  nervous  system  resembled  tumors  of  the  connective-tissue 
series  although  according  to  this  classification  such  growths  would  be 
forced  into  the  epithelial  group.  These  objections  were  urgent  and  led  to 
further  revision  in  the  hope  that  a workable  classification  could  be  evolved. 

Adami1  with  his  usual  scholarly  grasp  proposed  a more  comprehensive 
histogenetic  classification  taking  cognizance  of  the  weak  points  in  the 
foregoing.  None  better  than  its  originator  has  pointed  out  the  inherent 
defects  of  the  proposed  classification,  few  as  they  are.  The  fact  is  that 
clinical  usage  has  woven  into  literature  terms  that  cannot  readily  be 
displaced  and  upon  which  undue  pressure  cannot  be  brought  to  bear 
except  that  the  new  come  with  a manifestly  just  claim  to  finality. 

Admitting  that  an  accurate,  acceptable,  and  practical  classification 
is  not  at  present  available,  it  seems  advisable  not  to  attempt  any  but 
to  adopt,  provisionally,  a system  of  nomenclature  bringing  together 
neoplasms  possessing  certain  characters  and  yielding  to  group  study 
and  recognizing  the  undeterminable  position  of  tumors  our  knowledge 
of  which  remains  inadequate.  In  many  tumors  the  manifestly  dominant 
structure  is  epithelium  and  of  such  growths  some  are  characterized  by 
fairly  typical  epithelial  proliferation  and  an  arrangement  of  cells  mimick- 
ing normal  tissues.  These  may  be  designated  typic  epithelial  neoplasms. 
Others  possessing  evidences  of  their  epithelial  origin  show  a lawless, 
unsystematized  growth  of  epithelium,  in  other  words  are  atypic.  Similar 
groupings  of  connective-tissue  growths  are  possible  and,  finally,  tumors 
of  less  evident  origin  may  be  recognized. 

EPITHELIAL  NEOPLASMS. 

Typic  Epithelial  Tumors. 

Papilloma. — These  growths  resemble  cutaneous  and  mucous  papillae, 
and  consist  of  a fibrous  stroma,  or  stem,  containing  blood-vessels  and 
lymphatics,  and  possessing  an  epithelial  investment.  The  epithelium  is 
of  the  kind  normal  in  the  particular  situation  in  which  the  growth  is  located. 
The  histologic  structure  of  a papilloma  mimics  that  of  the  ordinary  pa- 
pilla, and  consists  of  a basis  of  connective  tissue,  richly  cellular,  from 
which  project  toward  the  surface  numerous  papillary  processes,  each  proc- 
ess supporting  blood-vessels  that  end  in  capillary  loops,  the  whole  being 
enveloped  in  a covering  of  epithelium.  Tumors  of  this  class  are  commonly 
the  product  of  chronic  irritation,  particularly  when  the  latter  is  associated 
with  a low-grade  inflammatory  process.  Irritating  discharges,  especially 

1 Principles  of  Pathology,  vol.  i,  1908. 
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from  the  genital  and  anal  borders,  may  lead  to  the  development  of  warts. 
A jagged  tooth,  by  constantly  subjecting  the  mucosa  to  injury,  may 
give  rise  to  papillomata  of  the  tongue  or  cheek.  The  inoculability  or 
traumatic  orgin  of  warts  is  sometimes  apparent;  Walker1  observed  in  a 
tattoo  mark  the  formation  of  thirty-eight  warts  along  the  outline  of  the 

The  papillae  vary  in  length:  in  the  ordinary 
wart  they  are  short;  in  the  villous  papilloma  they 
appear  as  long,  delicate  fibrils,  giving  off  second- 
ary and  tertiary  shoots.  On  the  skin  the  epithelial 
covering  is  thick,  hard,  and  stratified,  and  actu- 
ally binds,  the  papillae  into  a solid  mass;  on 
mucous  membranes  the  slender  vascular  processes 
are  covered  with  very  delicate  and  easily  lacer- 
ated epithelium. 

Site. — Papillomata  may  appear  anywhere  on 
the  skin  or  mucous  membrane ; as  a rule,  they 
grow  from,  and  closely  imitate,  pre-existing 
papillae.  They  rarely  occur  where  no  papillae  exist;  in  such  rare  cases 
the  connective-tissue  core  springs  directly  from  the  subepithelial  connect- 
ive tissue — this  is  the  case  in  the  stomach  and  larynx. 

Clinical  Characters. — Clinically,  warts  are  benign,  or  innocent.  They 
may  occur  at  any  age;  may  be  single  or  multiple;  may  disappear  without 
any  operative  interference;  this  is  especially  true  of  multiple  warts. 
When  occurring  on  mucous  surfaces,  they  are  highly  vascular,  and, 
owing  to  their  thin  epithelial  covering  and  delicate  connective-tissue 
matrix,  are  easily  torn,  sometimes  giving  rise  to  fatal  hemorrhage.  This 
is  especially  true  of  papilloma  of  the  bladder  and  similar  growths  occurring 
in  the  urethral  orifice.  In  the  young,  warts  are  occasionally  transformed 
into  sarcomata;  in  advanced  life  warts  and  warty  surfaces  (ichthyosis 
linguae)  may  be  converted  into  cancer. 

Varieties. — Skin  warts;  villous,  warts;  intracystic  warts. 

Skin  Warts. — (See  Fig.  141.)  Skin  warts  are  overgrown  papillae, 
and  on  section  the  epithelium  will  be  found  to  pass  from  one  papilla  to 
another  in  an  unbroken  line  without  invading  the  fibrous  framework. 
They  vary  in  size,  and  may  become  mottled  with  black  pigment  (melanotic.) 
Cutaneous  warts  may  be  single  or  multiple,  and  may  disappear  in  one 
area  and  appear  in  another,  thus  leading  the  laity  to  believe  them  migratory. 
Ordinarily,  the  cutaneous  papilloma  appears  as  a hard,  abruptly  elevated 
mass,  apparently  of  epithelium,  presenting  an  irregular  or  “warty”  surface, 
usually  divided  by  deep  fissures.  On  section,  the  relation  between  the 
supporting  connective  tissue  and  the  epithelium  may  be  seen  even  with 
the  naked  eye. 

Villous  Warts. — These  commonly  spring  from  the  mucous  membrane, 
usually  of  the  bladder,  and  occasionally  of  the  renal  pelvis;  the  condition 
is  termed  villous  disease.  The  general  appearance  of  the  long,  branching, 
feathery  tufts  resembles  that  of  the  delicate  chorionic  villi ; structurally, 
the  villi  consist  of  a connective-tissue  core  traversed  by  delicate  blood- 
vessels, the  whole  being  surmounted  by  epithelium.  They  may  be  single 
or  multiple,  sessile  or  pedunculated.  The  detachment  of  small  villi  may 
occasion  hemorrhage,  which,  with  frequent  recurrence,  gives  rise  to  pro- 
found anemia.  The  size  of  the  villous  mass  often  bears  no  relation  to  the 

1 Brit.  Med.  Jour.,  Oct.  10,  1908,  p.  1104. 
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severity  of  the  hemorrhage;  the  writer  has  examined,  at  autopsy,  a fatal 
case  in  which  the  papilloma  waa  not  larger  than  a grain  of  wheat.  The 
detachment  of  villi  is  usually  brought  about  by  their  being  forced,  during 
the  last  stage  of  urination,  into  the  urethra,  where  fimbriae  are  caught; 
distention  of  the  bladder  pulls  upon  the  incarcerated  projections,  breaking 
them  off,  and  thereby  inducing  hemorrhage.  Carcinomatous  transforma- 
tion of  vesical  papilloma  occurs. 

Intracystic  Warts. — These  may  occur  within  almost  any  cyst  cavity 
lined  by  epithelium,  more  especially  those  cysts  developing  in  glands: 
e.  g.,  mammary,  thyroid,  and  ovarian  cysts.  In  cysts  formed  in  the  mam- 
mary gland,  particularly  in  those  cysts  arising  during  the  growth  of 
fibrous  tumors  of  the  breast,  the  limiting  wall  may  be  composed  of  papillo- 
matous outgrowths.  Tumors  containing  papillomatous  masses  in  the 
interior  of  dilated  galactophorous  ducts  or  mammary  acini  are  spoken  of 
as  intracanalicular  papillomata.  Sometimes  the  cyst  is  said  to  be  papillo- 
matous. In  many  instances  it  is  quite  impossible  to  determine  whether  the 


Fig.  142. — Papilloma  with  Tendency  Toward  Villous  Formation.  (Schmaiis .) 
a.  Connective-tissue  basis  containing  numerous  blood-vessels,  b,  b.  Epithelial  covering. 

cyst  preceded  the  papillary  growth  or  whether  the  reverse  was  the  case. 
Examination  of  a number  of  such  cysts  usually  shows  that  the  papilloma 
is  evidently  a secondary  process.  Occasionally,  the  cyst  may  be  distended 
with  the  papillary  masses,  the  fluid,  probably  present  at  some  time, 
having  entirely  disappeared.  Cysts  containing  such  papillomatous 
masses  are  sometimes  seen  in  the  liver.  The  villous  outgrowth  resembles 
that  of  villous  papilloma,  and  the  epithelial  covering  is  usually  the  same 
as  that  of  the  cyst  wall;  it  may  be  cylindric,  tall  or  flat,  and  even  ciliated. 
The  size  of  such  masses  varies  within  wide  limits,  and  the  fact  that  their 
presence  is  at  times  unsuspected  would  lead  one  to  regard  them  as  sources 
of  no  danger.  Occasionally,  however,  scirrhus  of  the  breast  follows  or  is 
associated  with  this  form  of  papillary  disease. 

Adenoma. — An  adenoma  is  a tumor  constructed  upon  the  type  of  a 
gland.  Adenomata  are  of  slow  growth,  and  are  believed  to  arise  in  some 
quiescent,  congenitally  displaced  rudiment;  their  ducts  do  not  communicate 
with  the  normal  gland  nor  do  their  acini  elaborate  a secretion;  they  are, 
as  a rule,  completely  encapsulated,  thus  distinguishing  them  from  localized 
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hypertrophies.  Clinically,  they  are  benign.  The  secondary  changes  to 
which  they  are  liable  are  fatty  degeneration  of  the  epithelium,  dilatation 
of  the  saccules  and  tubules  into  cysts,  and  mucoid  softening.  As  adeno- 
mata contain  both  connective-tissue  and  epithelial  cells,  transformation 
into  sarcoma  and  into  carcinoma  is  possible;  the  former  is  more  frequent 
in  the  young,  and  the  latter  in  the  aged. 

Site. — They  may  develop  in  almost  any  gland  or  in  any  tissue  con- 
taining glandular  structure.  The  chief  species  of  adenoma  are : Mammary, 
sebaceous,  thyroid,  prostatic,  parotid,  hepatic,  renal,  ovarian,  testicular, 
gastric,  Fallopian,  and  uterine.  The  important  varieties  of  the  tumor 
are  the  acinous  and  the  tubular. 

Acinous  Adenoma, — This  variety  consists  of  numerous  saccules  or 
acini  lined  with  small  epithelial  cells,  which  are  often  two  or  three  layers 
deep.  The  acini  communicate  with  one  another  and  are  grouped  together, 


Fig.  143. — Adenoma  of  the  Cervix  Uteri.  ( From  a specimen  sent  to  the  author  by  Dr.  E.  Q.  Thornton.) 

The  gross  specimen  was  a strawberry-like,  pear-shaped  mass,  2.5  cm,  in  length,  and  attached  by  a pedicle 
to  the  anterior  lip  of  the  cervix  uteri  just  at  the  margin  of  the  os.  The  tissue  was  fixed  in  corrosive 
sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and  mounted  in  balsam. 
Drawn  from  i-inch  obj.,  Uinch  oc.  The  irregularly  formed  gland  tubules,  lined  by  tall  cylindric 
epithelium,  are  well  shown. 


being  separated  by  a connective-tissue  matrix  in  which  are  situated  the 
blood-vessels.  The  connective -tissue  or  fibrous  stroma  varies  in  amount. 
Adenoma  of  the  breast  is  generally  seen  in  young  girls  at  about  the  age 
of  puberty.  The  tumor  is  usually  bossed  or  lobulated,  irregular  in  con- 
formation, and  encapsulated.  Acinous  adenoma  is  rare,  but  two  cases 
having  come  under  the  author’s  observation  among  the  hundreds  of  tumors 
sent  to  the  laboratory.  Fibromata  containing  more  or  less  glandular 
structure  are  not  uncommon,  and  are  called  fibroadenomata.  It  is  often 
quite  impossible  to  determine  whether  the  gland  structure  present  is 
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newly  formed  or  merely  normal  breast  tissue  which  has  been  incorporated 
in  the  fibroma. 

Tubular  Adenoma. — This  variety  is  very  common  in  mucous  membranes 
possessing  tubular  glands.  Tubular  adenomata  are  usually  soft,  slightly 
translucent,  and  somewhat  vascular.  The  tubes  are  lined  with  cylindric- 
cell  epithelium.  On  section,  when  cut  transversely,  the  tubes  appear  as 
circles  possessing  central  lumina  and  borders  of  regular  cylindric  epithelial 
cells.  When  cut  longitudinally,  they  often  show  lateral  buds,  or  even  bifurca- 
tions, the  surface  ends  of  the  irregular  tubules  open  on  the  mucous  mem- 
brane; at  the  other  end  they  terminate  in  blind  sacs  extending  to  vary- 
ing depths;  the  tubes  may  be  so  closely  packed  together  as  to  show  but 
little  fibrous  stroma;  the  cylindric  cells  lining  the  tubes  are  usually  two 
or  three  times  as  long  as  normal.  This  variety  of  adenoma  is  prone  to 
undergo  malignant  transformation,  many  of  the  cancers  of  the  rectum  and 
uterus  arising  from  this  tumor. 

Rectal  adenomata  are  most  frequently  seen  in  children,  although  they 
may  occur  at  any  age.  They  are  strawberry-  or  raspberry-like  tumors, 
rarely  over  1 or  2 cm.  in  diameter,  although  the  author  has  had  the  op- 
portunity to  examine  such  a tumor  that  was  6 cm.  in  its  longest  diameter. 
Most  observers  have  found  them  multiple;  this  has  not  been  my  experience. 
The  glandular  structure  imitated  is  the  gland  of  Lieberkuhn.  The  ten- 
dency to  transformation  into  carcinoma  (cylindric-cell  epithelioma)  is 
remarkable;  I have  never  known  a tubular  adenoma  to  persist  for  any 
great  length  of  time  and  escape  the  change.  The  same  is  true  of  a very 
similar  tumor — adenoma  of  the  cervix  uteri.  The  great  difficulty  found  in 
differentiating,  histologically,  between  this  tumor  and  cylindric-cell  cancer 
will  be  referred  to  when  considering  the  latter. 

Neuroma. — A neuroma  is  a tumor  consisting  almost  entirely  of  nerve 
tissue;  pure  neuromata  are  among  the  rarest  of  new  growths. 

Tumors  affecting  nerves  and  not  characterized  by  an  increase  of  the 
nerve-fibers  or  cells  are  called  false  neuromata ; they  may  be  circum- 
scribed or  diffuse,  single  or  multiple.  Taylor  refers  to  a case  in  which  dur- 
ing thirteen  years  thirty-two  such  tumors  were  removed  from  the  plantar 
and  tibial  nerves;  more  than  two  thousand  have  been  observed  in  a single 
individual.  Histologically  the  nodules  may  be  composed  of  adipose 
tissue  (liponeuroma) , myxomatous  tissue  (myxo neuroma) , or  fibrous  tissue 
(fibroneuroma)  Sometimes  the  masses  are  sarcomatous  from  the  begin- 
ning, and  in  other  cases  malignancy  is  developed  in  structures  initially 
benign. 

The  plexiform  neuroma  is  composed  of  a series  of  nodules  along  the 
course  of  a nerve  or  in  a nerve  plexus;  at  one  time  this  was  thought  to 
be  a true  neuroma;  at  present  it  is  believed  that  the  new  tissue  is  essen- 
tially fibrous,  and  hence  the  tumor  belongs  among  the  false  neuromata 
or,  properly,  among  the  fibromata  of  nerves.  The  small  multiple  fibro- 
mata or  neuromata  of  superficial  nerves  are  usually  hereditary.  The 
amputation  neuromata — which  consist  usually  of  fibrous  tissue,  but 
which  may  contain  partially  regenerated  nerve-fibers — form  bulbous 
masses  at  the  cut  end  of  nerves  in  stumps  after  amputation,  and  are 
intimately  connected  with  the  cicatricial  tissue  of  the  stump;  they  are 
usually  painful. 

Varieties  of  Neuroma. — Many  tumors  found  in  connection  with  the 
nervous  system  have  been  shown,  with  the  later  improved  methods,  to 
contain  a quantity  of  nervous  tissue  insufficient  to  justify  their  special 
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consideration  as  neoplasms  composed  of  that  structure.  In  theory  all 
true  neuromata  could  be  classed  under  one  of  three  heads : (1)  Tumors  com- 
posed of  or  containing  ganglion  cells — ganglionic  neuromata;  (2)  tumors 
made  up  or  composed  largely  of  newly  developed  medullated  fibers — 
myelinic  neuromata;  (3)  tumors  composed  of  or  containing  evidently 
newly  formed  nonmedullated  nerve-fibers — amyelinic  neuromata. 

Of  the  ganglionic  neuromata  but  little  accurate  information  is  avail- 
able. Tumors  of  this  kind  have  been  described  in  the  central  nervous 
system  and  adrenal;  they  usually  consist  of  a matrix  in  which  there 
is  more  or  less  glia  containing  ganglion  cells.  Myelinic  neuromata 
affect  particularly  the  peripheral  nerves,  are  frequently  multiple,  and 
consist  of  tortuous  myelinic  fibrils  embedded  in  a matrix  which  may 
be  fibrous,  myxomatous,  or  adipose.  Divided  nerve-trunks  sometimes 
develop  nodular  enlargements,  usually  affecting  the  distal  end  of  the 
proximal  fragment,  although  Durante  reports  a case  in  which  the  proxi- 
mal end  of  the  distal  fragment  was  affected.  Amputation  neuromata 
belong  with  this  group  and  are  usually  thought  to  depend  upon  ineffectual 
efforts  at  regeneration.  Sometimes  such  tumors  are  exceedingly  painful 
and  particularly  influenced  by  climatic  and  barometric  changes.  The 
racemose,  cirsoid,  or  plexiform  neuroma  develops  as  fusiform  or  nodular 
enlargements  involving  particularly  the  nerve-trunks  of  the  temple, 
upper  eyelid,  and  back,  and  occasionally  the  extremities.  Histologically 
the  increase  in  nerve  fibrils  is  often  inconspicuous,  the  overgrowth  being 
largely  in  the  interstitial  tissue,  which  is  sometimes  distinctly  myxoma- 
tous. The  tumor  is  not  frequent;  Delfosse1  has  been  able  to  collate  eighty- 
eight  cases. 

Glioma2  ( Gluey  Tumor,  Virchow). — Gliomata  are  tumors  derived  from 
the  sustaining  tissue  of  the  central  nervous  system,  the  neuroglia,  and 
composed  of  glia  cells  and  fibrils  more  or  less  closely  imitating  the  normal 
elements.  As  the  glia  cell  differs  at  various  stages  in  its  development,  the 
adult  cell  scarcely  more  than  resembling  its  embryologic  ancestor,  so 
differ  the  cellular  elements  that  enter  into  the  formation  of  gliomata.  In 
some  instances  the  tumor  is  made  up  of  cells  showing  a relatively  small 
number  of  fibers,  comparatively  large  in  size;  in  other  tumors  the  fibers 
are  particularly  abundant.  With  regard  to  the  size  of  the  cell,  it  may  be 
small,  large,  or  even  approaching  the  dimensions  of  a giant  cell.  Again, 
tumors  occur  that  appear  to  be  appropriately  classed  with  the  gliomata, 
and  in  which  the  cells  more  closely  resemble  epend)una  cells.  For  this 
class  of  tumors  Flexner  has  proposed  the  name  ependyma-cell  glioma.  Glio- 
mata are  sometimes  found  containing  cellular  elements  indistinguishable 
from  the  cells  found  in  small  round-cell  sarcoma,  and,  unfortunately,  to  such 
tumors  the  name  gliosarcoma  has  been  given.  Tumors  of  this  type  are 
most  frequent  in  the  eye,  apparently  originating  from  the  retina.  That 
some  of  them  are  true  sarcomata  is  indicated  by  their  occurrence  in  the 


1 These  de  Lille,  1904,  full  bibliography. 

2 LaGrange,  Bulletin  de  l’Acad.  de  Med.  Paris,  April  2,  1901;  Newton,  Austral- 
asian Med.  Gazette,  May,  1902;  Holmes,  Jour.  Amer.  Med.  Assoc.,  March  28,  1903, 
p.  821;  Bonome,  Virchows  Arch.,  1901,  Bd.  clxiii,  p.  441;  Mouratoff,  Russki 
Arkhiv’ Patologii,  etc.,  June  30,  1902;  Pusey,  Trans.  Chicago  Path.  Soc.,  Nov.  n, 
1901,  p.  22;  also  Johns  Hopkins  Hospital  Bulletin,  October,  1902,  vol.  xiii ; Mallory, 
jour!  Med.  Research,  June,  1902,  p.  1;  also  Jour.  Med.  Research,  Jan.,  1905;  Muth- 
raann  and  Saurbeck,  Ziegler’s  Beitr.,  1903,  vol.  xxxiv,  p.  445;  Spiller,  Jour.  Nerv. 
and  Ment.  Dis.,  May,  1907. 
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young  (children  from  two  to  six  years) ; by  their  extension  in  continuous 
structures,  such  as  the  optic  nerve,  and  by  the  involvement  of  the  contigu- 
ous tissues;  not  uncommonly  they  produce  fungoid  masses,  which  project 
from  the  orbit;  and  they  often  recur  after  removal.  Gliomata  of  the 
brain  do  not  commonly  involve  the  membranes;  sarcomata  do.  Glioma 
contains,  in  nearly  all  instances,  medullated  nerve-fibers;  sarcoma  rarely.1 

Gliomata  appear  as  more  or  less  circumscribed  or 
slightly  diffuse  tumors  of  the  central  nervous  sys- 
tem. As  already  indicated,  their  consistency  depends 
largely  upon  the  character  of  the  cellular  elements 
that  enter  into  their  formation.  Occasionally,  the 
tumor  may  be  so  soft  that  it  can  be  handled  only  with 
difficulty;  in  other  instances  it 
is  firm,  and  even  elastic.  The 
color  is  dependent  upon  the 
amount  of  blood  present  and 
upon  the  presence  or  absence  of 
hemorrhage  or  of  degenerative 
change.  Areas  of  softening  or 
even  of  cyst  formation  are  oc- 
casionally present.  Sometimes 
these  cysts  show  an  epithelial 
lining,  the  cells  of  which  re- 
semble those  forming  the  wall 
of  the  central  canal.  Com- 
monly, but  a single  tumor  is  present;  in  rare  instances, 
however,  the  tumor  may  be  primarily  multiple,  and  in 
still  other  cases  tumors  evidently  of  different  ages  may 
be  found.  In  a pure  glioma  metastasis  apparently  does 
not  cocur.  When  rapid  growth  and  metastasis  are 
present,  the  tumor  is  probably  a sarcoma — the  glioma  sarcomatodes  of 
Borst. 

Site. — Brain  and  cord;  optic  nerve  and  retina;  olfactory  lobe;  auditory 
nerve. 


Fig.  145. — Glioma. 
(.Could.) 


F i g.  144. — Fusiform 
Myxoneuroma  of 
the  Exetrnal  Pop- 
liteal Nerve.  (Dis- 
secting Room  Spec- 
imen.) 


Atypic  Epithelial  Tumors. 

Carcinomata,  or  cancers,  are  neoplasms  developed  from  epithelial  cells. 
In  tumors  belonging  to  this  group  two  essential  elements  must  be  recog- 
nized: the  cells  and  the  stroma,  which  bounds  the  space  in  which  the 
epithelial  cells  lie,  the  space  being  known  as  the  alveolus. 

The  cells  are  characterized  by  every  diversity  of  outline;  they  may 
be  round,  oval,  squamous,  fusiform,  cylindric,  or  caudate,  and  commonly 
possess  prominent  nuclei  and  nucleoli.  The  nuclei  may  be  single  or 
multiple,  but  are  always  large  and  usually  are  characterized  by  strong 
affinities  for  the  basic  dyes.  Variation  in  the  form  of  the  cell  is  influenced 
by  the  pressure  to  which  it  is  subjected  within  the  alveolus  and  to  the  shape 
of  the  cell  from  which  the  cancer  arose.  The  cells  are  loosely  nested  in 
the  alveoli,  and  do  not  attach  themselves  to  the  contiguous  fibrous  tissue. 

The  amount  of  fibrous  stroma  varies:  it  usually  consists  of  distinctly 

1 For  the  stain  and  differentiation  of  glia  elements  see  article  on  Central  Nervous 
System,  in  Part  II. 
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fibrillated  tissue,  so  arranged  as  to  form  irregular  spaces,  called  alveoli, 
which  communicate  with  one  another,  thereby  producing  a continuous 
cavernous  system,  within  which  the  epithelial  cells  are  found.  The  char- 
acter of  the  stroma  depends  largely  on  the  rate  of  growth.  If  rapid,  it 
usually  contains  round  and  spindle-shaped  cells;  if  the  growth  has  been 
slow,  or  has  ceased  altogether,  the  number  of  formative  cells  is  small 
and  the  fibrils  coarse  and  abundant.  The  latter  is  the  most  common 
condition  in  scirrhus,  the  former  in  encephaloid  cancer.  The  stroma 
not  uncommonly  contains  a varying  number  of  unstriped  muscle-cells, 
or  other  histologic  elements  of  the  tissue  in  which  the  neoplasm  is  de- 
veloping. The  stroma  of  uterine  cancer  is  particularly  rich  in  involun- 


Fig.  146. — Scirrhous  Carcinoma  of  Mamma. 

A.  Scanty  stroma  separating  two  alveoli.  In  the  upper  right  and  lower  left  parts  of  the  field  the  extensive, 
lymphoid  and  plasma-cell  infiltration  of  the  stroma  is  well  shown.  B,  B,  B.  Cells  showing  atypic 
mitoses.  C . Cells  showing  fusion  of  the  protoplasm;  formation  of  the  so-called  giant  cells  of  cancer. 
(Technic:  Tissue  fixed  in  Heidenhain’s  corrosive  sublimate,  paraffin  infiltration,  hematoxylin,  and 
Van  Gieson.  B.  and  L.  J-inch  obj.,  i-inch  oc.) 

tary  muscle-fibers,  and  cancer  involving  bone  may  show  areas  of  osseous 
structure.  The  blood-vessels  are  limited  to  the  stroma,  and  do  not  pass 
into  the  alveoli  or  communicate  with  the  cavities  containing  the  epithelial 
masses;  they  possess  distinct  walls  that  are  not  infrequently  thickened. 
There  are  valid  reasons  for  believing  that  newly  formed  stroma  (connective 
tissue)  is  an  evidence  of  resistance  to  the  neoplastic  invasion.  As  a 
rule  slowly  growing  carcinomas  are  richest  in  fibrous  tissues  and  in  those 
exceedingly  rare  instances  of  spontaneously  cured  cancer1  fibrosis  is  often 
conspicuous.  The  lymphatics  are  probably  continuous  with  the  alveoli, 
which  fact  accounts  for  the  frequency  with  which  the  lymph-nodes  are 
affected.  It  is  principally  through  these  channels  that  carcinoma  spreads. 

1 Handley,  Brit.  Med.  Jour.,  March  6,  1909,  p.  582. 
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It  is  probable  that  the  alveoli  were  originally  parts  of  the  lymphatic  ap- 
paratus, possibly  primitive  lymphatics,  and  therefore  communicated 
directly  with  lymph  trunks  draining  the  area.  This  communication  is 
not  interfered  with  by  the  growth  of  the  cancer,  but  is  probably  facili- 
tated by  the  distention  of  the  primitive  lymph-vessels  by  the  epithelial 
cells.  As  already  indicated,  the  epithelium  may  readily  pass  from  small 
lymphatic  ducts  to  larger  ducts  eventually  reaching  the  lymph-node  or  node 
chain  lying  between  the  carcinomatous  area  and  the  lymphatic  duct  that 
empties  into  the  vein.  The  extension  of  cancer  along  the  course  of  nerves 
— as,  for  example,  the  inferior  dental  nerve — or  along  vascular  trunks  is 
probably  due  to  the  presence  of  lymph  paths  that  follow  the  course  of 
the  vessel  or  nerve  sheath.  By  some  authors,  however,  it  is  considered  as 
a distinct  form  or  method  of  cancerous  extension.1 

Clinical  Characters. — A most  interesting  fact  with  regard  to  some 
cancers  is  the  existence  of  a period,  preceding  the  frankly  neoplastic 
growth,  in  which  certain  tissue  alterations  occur  constituting  what  are 
sometimes  called  precancerous  manifestations.2  Cancer  of  the  mamma 
may  be  preceded  by  eczema  of  the  nipple  or  cystic  changes  in  the  gland 
substance;  lingual  carcinoma  often  follows  a prolonged  leukoplakia, 
and  similar  hyperkeratoses  of  the  prepuce,  vulva,  cervix  uteri,  and  other 
mucosae  are  not  infrequent  forerunners  of  epithelioma.  Butlin  says 
that  cancer  of  the  tongue  is  usually  preceded  by  elaborate  preparations 
that  clinically  may  be  recognized  with  a fair  degree  of  accuracy.  Arsen- 
ical hyperkeratoses  may  end  in  epithelioma  and  the  relation  of  this  drug 
to  cancer  formation  is  highly  suggestive.3  Chronic  ulcerative  processes — 
skin  ulcers,  gastric  ulcer,  erosions  of  the  uterine  cervix — not  uncommonly 
end  in  carcinoma,  but  such  conditions  are  not  usually  classed  with  the 
precancerous  manifestations. 

As  a rule,  carcinoma  occurs  after  the  age  of  thirty-five.  Of  1000 
cases  of  cancer  not  over  four  patients  will  be  under  fifteen  years  of  age.4 
Over  fifty  per  cent,  of  all  cancerous  growths  develop  after  the  forty-fifth 
year.  The  age  of  the  patient  is  not  so  important  as  the  evident  age  of 
the  structures  involved.  Thus,  the  author  has  seen  a well-formed 
scirrhus  of  the  breast  in  a patient  of  twenty-two.  The  mamma  involved, 
as  well  as  its  fellow  of  the  opposite  side,  showed  distinct  atrophic  changes. 
The  diseased  mamma  was  removed,  the  tumor  did  not  return,  and  the 
patient  passed  the  menopause  at  thirty.  Such  individuals  age  prema- 
turely, and  in  the  diagnosis  of  cancer  such  factors  must  be  taken  into 
consideration.  Primarily  the  growth  is  usually  single,  although  Warthin 
and  others  have  recorded  cases  in  which  the  growths  were  multiple. 
Generally,  the  tumor  is  hard.  The  so-called  soft  cancers  are  those  that 
have  undergone  some  secondary  change,  as  fatty  or  colloid,  or,  like  the 
encephaloid,  are  deficient  in  stroma.  Cancers  tend  to  infiltrate  adjacent 
connective  tissues.  There  is  usually  a central  tumor  mass,  from  which 
processes  radiate  into  the  surrounding  tissue.  Although  the  tumor  may 
appear  circumscribed,  the  border  of  the  tissue  is  never  sharply  defined; 
the  typic  connective-tissue  and  epithelial-tissue  tumors,  on  the  other 

1 Cheatle,  Brit.  Med.  Jour.,  Dec.  12,  1903,  p.  1515. 

2 Hartzell,  Jour.  Cutaneous  Diseases,  Sept.,  1903;  also  Fink,  Cancer  and  Pre- 
cancerous Changes,  London,  1903;  Robson,  Lancet,  Dec.  3,  1904,  p.  1345;  von 
Bergmann,  Berl.  klin.  Woch.,  July  24,  1905;  de  Borredpn,  These  de  Paris,  1908. 

3 Dubreuilh,  Annales  d.  Dcrmat.  ct  de  Syph.,  1910,  No.  3. 

4 Karsner,  New  York  Med.  Jour.,  Dec.  4,  1909. 
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hand,  commonly  possess  well-defined  margins,  and,  in  most  instances, 
can  be  enucleated  from  the  tissues  in  which  they  lie.  Carcinoma  has  no 
capsule  and  cannot  be  enucleated. 

Secondary  carcinoma  is  usually  multiple,  possesses  a more  sharply 
defined  or  circumscribed  border,  and,  while  it  projects  into  the  neigh- 
boring tissues,  does  not  infiltrate  them  with  the  same  rapidity  as  did  the 
primary  tumor;  as  a rule,  the  mass  is  much  softer.  These  characters  are 
probably  due  to  the  recent  and  rapid  growth  of  the  neoplasm. 

Secondary  Changes. — The  most  important  are  certain  forms  of  degen- 
erative change,  among  which  is  fatty  degeneration.  This  depends  some- 
what on  the  rate  of  the  growth;  the  speedier  the  growth,  the  more  rapidly 
this  change  takes  place;  hence  it  is  usually  most  marked  in  encephaloid 
cancer.  Colloid  degeneration  of  the  alveolar  contents  and  myxomatous 
degeneration  of  the  connective-tissue  stroma  are  occasionally  observed. 
These  processes  are  particularly  marked  in  carcinomata  involving  the 
stomach.  Pigmentation,  or  melanosis  (melanotic  cancer),  is  rare.  Cal- 
cific deposit,  or  even  true  bone  formation,  may  occur;  they  are,  however, 
quite  infrequent.  The  cysts  occasionally  formed  in  cancer  arise  as  the 
result  of  liquefaction  necrosis  or  of  degenerative  changes  in  the  cellular 
elements,  or,  probably,  in  most  instances,  depend  upon  the  presence  of 
cysts  prior  to  the  carcinomatous  development.  The  contents  of  such 
cysts  may  be  fluid,  mucoid,  or  colloid  material,  and,  in  rare  instances,  they 
may  contain  more  or  less  blood;  the  extravasated  blood  may  undergo 
degenerative  and  necrotic  changes,  leaving  little  of  the  normal  con- 
stituents, except  the  altered  brownish  pigment,  to  be  recognized.  Small 
areas  of  hemorrhage  into  the  stroma  are  not  so  infrequent,  and  when 
ulcerative  processes  have  exposed  the  surfaces,  or  when  associated  necrosis 
and  infection  are  present — as  in  cancers  of  the  uterus  and  stomach,  and 
occasionally  in  cancer  of  the  mammary  gland — hemorrhage  may  be 
severe  and  even  fatal.  The  size  of  the  cancer  often  bears  no  relation  to 
the  amount  of  hemorrhage,  the  latter  apparently  depending  upon  the 
size  of  the  vessels  involved,  and  possibly,  to  a less  degree,  upon  the  activity 
of  the  infective  processes. 

Various  inflammations1  and  infections  occur  in  carcinomatous  tissue. 
After  solution  in  the  continuity  of  the  superficial  covering,  infection  may 
be  marked,  and  the  systemic  phenomena  of  sepsis  may  interfere  with  the 
general  nutrition,  sometimes  demanding  operative  procedures  in  cancers 
the  extent  of  which  precludes  the  possibility  of  complete  removal.  The 
associated  infections  are  usually  pyogenic.  Numbers  of  saprophytic 
organisms  may  be  present.  Tuberculous2  processes,  for  example,  in  the 
esophagus  or  larynx  may  become  carcinomatous,  or  an  ulcerating  carci- 
noma may  be  infected  by  tubercle  bacilli.  Tuberculosis  and  associated 
cancer  of  the  skin  have  been  observed,  and  lesions  apparently  primarily 
syphilitic  have  become  cancerous.  Evidences  of  gumma  formation  in 
cancer  are  less  frequently,  if  ever,  present.  Distinct  abscess  formation  in 
the  interior  of  carcinomatous  masses  is  uncommon.  Necrotic  processes, 
and  even  extensive  gangrene,  may  at  times  be  observed. 

Site. — The  presence  of  epithelium  being  the  essential  requisite, 
any  surface,  tissue,  or  organ  in  which  this  element  is  present  may  become 
carcinomatous.  To  a certain  extent  the  various  forms  of  epithelium 

1 Cornil,  Rev.  de  Chir.,  April  io,  1904,  p.  661. 

2 Moak,  Jour.  Med.  Research,  June,  1902,  p.  128.  Bibliography. 
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seem  to  influence  the  occurrence  of  different  varieties  of  cancer.  The 
cause  of  this  influence  will  become  more  evident  as  we  proceed  with  the 
consideration  of  the  forms  of  carcinoma. 

Varieties. — (I)  Epithelial  carcinoma  or  more  briefly  and  preferably 
epithelioma;  (II)  glandular  carcinoma. 

The  term  epithelioma  is  used  in  a broad  sense  by  some  writers  as 
referring  to  all  carcinomata.  It  is  here  applied  to  the  varieties  of  car- 
cinoma that  usually  spring  from  epithelial  surfaces,  and  is  often  spoken 
of  as  superficial  cancer. 

Epithelioma  assumes  three  important  types:  (i)  Squamous;  (2) 
cylindric-cell;  (3)  tubulated. 

Squamous  Epithelioma. — This  variety  always  grows  from  surfaces 
covered  by  squamous  epithelium,  either  cutaneous  or  mucous;  its  epithe- 
lial elements  closely  resemble  squamous  epithelium ; the  distortion  in  shape 
of  the  cell  is  due  to  the  pressure  to  which  it  is  subjected  during  growth. 
The  cells  penetrate  from  the  surface  epithelium  into  the  connective 
tissue,  enter  the  lymphatics,  and  follow  the  channels  that  inter  communi- 
cate. Occasionally,  single  isolated  epithelial  cells  may  be  recognized  in 
the  connective  tissue  of  the  growth.  Transverse  sections  of  the  epithelial 
masses  show  typical  nesting  of  cells — the  so-called  concentric  globes  or 
epithelial  nests.  When  these  nests  undergo  hardening — a change  incident 


Fig.  147. — Epithelioma  of  Lip. 

Very  early  stage;  as  yet  no  detached  nests  of  epithelium  have  been  formed  in  the  connective  tissue.  Pro- 
liferation of  the  epithelium  and  considerable  keratosis  are  present. 

to  age  and  keratinization — they  are  spoken  of  as  “pearls,”  hence  the  term 
pearl  epithelioma.  These  yellowish  spherules,  composed  of  cornified 
or  keratinized  epithelium,  are  commonly  microscopic  bodies  situated 
within  the  alveolar  contents,  and  showing  a marked  affinity  for  acid 
dyes,  notably  for  the  picric-acid  stains.  In  rare  instances  they  may  be 
large  enough  to  be  seen  with  the  naked  eye;  the  author  possesses  one 
specimen  of  this  kind.  The  diagnostic  importance  of  such  bodies  (they 
were  at  one  time  held  to  be  pathognomonic)  is  lessened  by  their  occur- 
rence in  other  conditions  associated  with  inflammation  of  the  skin;  they 
are  occasionally  seen  at  the  margins  of  ulcerative  processes  that  evidently 
are  not  cancers,  and  are  prone  to  occur  at  the  edges  of  the  granulating 
tissue  around  ingrowing  nails  and  in  onychitis.  The  fibrous  stroma  may 
be  the  seat  of  some  inflammatory  infiltration,  particularly  if  ulceration 
incident  to  softening  and  infection  has  occurred.  It  shows  little  of 
the  alveolar  arrangement  that  characterizes  some  of  the  other  varieties 
of  carcinoma  Ulceration,  which  occasionally  occurs  early,  may  not  be 
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due  to  inflammatory  or  infective  processes,  as  is  usually  the  case,  but 
to  necrosis  and  degeneration  of  the  epithelium. 

The  growth  usually  begins  as  a small  nodule,  situated  in  the  con- 
nective tissue  just  under  the  epithelial  layer,  with  which  it  is  continuous; 
the  skin  is  not  movable  over  the  indurated  mass.  Not  uncommonly 
the  spot  of  induration  may  appear  to  be  in  the  epithelial  layer.  As  a 
rule,  the  overlying  epithelium  is  pushed  upward,  giving  rise  to  moderate 
elevation;  this  indurated  elevation  may  show  slight  umbilication,  due 
to  fatty  changes,  absorption,  and  shrinking  in  its  interior,  before  super- 
ficial exfoliation  or  ulceration  occurs.  When  fully  developed,  the  can- 
cerous surface  presents  an  irregular,  ulcerated,  warty  appearance,  and 
at  times  exudes  a clear,  slightly  tinged,  or,  it  may  be,  an  irritating, 
ichorous  fluid.  The  ulceration  occurs  in  the  center,  surrounded  by 
an  indurated  margin,  beyond  which  may  be  firm  and  distinct  nodules. 
There  is  often  a distinct  tendency  toward  incrustation,  or  scabbing, 


Fig.  148. — Squamous  Epithelioma.  (Gould.)  Fig.  149. — Section  of  a Squamous  Epithelioma. 

(Rind  fie  ish.)  X 500  diameters. 
a.  The  down-growing  epithelium  in  which  are  two 
cell  nests  or  pearls,  b,  b.  The  stroma,  in  which 
at  c a few  lymphoid  cells  are  to  be  seen. 


particularly  when  situated  on  the  general  cutaneous  surface,  the  lip, 
and  at  other  mucocutaneous  junctions.  The  scab  remains  attached 
for  a varying  length  of  time,  and  then  falls  off  or  is  removed  by  the 
patient;  after  its  removal  the  underlying  cancer  is  seen  to  be  slightly 
larger  than  before  the  scab  formed.  This  gradual  increase  in  the  size  of 
the  cancer,  observable  after  each  exfoliation  of  the  scab,  is  often  of  diag- 
nostic importance,  as  is  the  progressive  extension  of  induration  in  the 
tissue  beneath.  The  area  of  recognizable  induration  is  not  the  limit  of 
the  tumor — a fact  always  to  be  borne  in  mind  during  its  removal.  On 
section,  the  tumor  is  firm,  and  the  fibrous  stroma  may  be  seen  as  white 
glistening  bands.  As  a rule,  there  is  no  hemorrhage;  there  are  few  blood- 
vessels near  the  surface.  The  process  develops  slower,  and  glandular 
involvement  may  not  occur  for  years,  although  in  rare  instances  it  has 
been  observed  within  the  first  year. 
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Site. — Squamous  epithelioma  usually  occurs  at  the  junction  of  skin 
and  mucous  membrane,  or  where  two  closely  allied  forms  of  squamous 
epithelium  come  together.  It  frequently  involves  the  lower  lip,  nose, 
penis,  scrotum,  vulva,  anus,  and  tongue;  less  commonly  it  arises  in  the 
gums,  palate,  tonsils,  larynx,  pharynx,  esophagus,  bladder,  vagina,  os 
uteri,  and  general  cutaneous  surface;  rarely  on  the  hands  and  feet. 

Cylindric-cell  Epithelioma  ( Adenoid  Cancer,  Adenocarcinoma,  Co- 
lnmnar-cell  Epithelioma,  Malignant  Adenoma) . — This  variety  of  cancer  is 
characterized  by  irregular  or  tubular  cavities,  paved  with  one  or  more 
layers  of  cvlindric  cells,  and  separated  by  a stroma,  which  may  be  fibrous, 
embryonic,  or  mucoid.  In  structure  it  is  said  to  occupy  a position  inter- 


Fig.  150.— Cylindric-cell  Cancer  of  the  Stomach. 

•Tissue  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and 
mounted  in  balsam,  A.  Drawn  from  pinch  obj.,  pinch  oc.  B.  Drawn  from  pinch  obj.,  Pinch  oc. 
The  upper  and  right-hand  quadrant  of  the  circle  shows  the  fully  developed  cancerous  tissue.  The 
lower  portion,  just  above  the  letter  B,  shows  the  beginning  production  of  the  gland-like  tubules  and 
the  extension  of  the  cancerous  tissue  into  the  gastric  wall.  At  C,  and  also  in  parts  of  the  field,  the 
stroma  resembles  myxomatous  tissue. 

mediate  between  the  simple  adenoma  and  true  cancer.  The  cylindric 
cells  are  similar  to  those  covering  certain  mucosas  or  lining  glandular  cavi- 
ties, and  are  always  implanted  more  or  less  perpendicularly  to  the  wall. 
The  epithelial  elements  are  similar  to  those  of  the  mucous  membrane  from 
which  they  grow,  but  differ  microscopically  from  the  arrangement  in  the 
normal  mucosa  in  the  absence  of  a basement  membrane  (membrana 
propria) . The  slower  the  growth,  the  more  nearly  typical  is  the  attempted 
gland  formation;  in  rapid  growths  and  recurrences  the  cells  are  small  and 
the  lumina  often  imperfect. 
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Cylindric-cell  carcinomata  are  soft  and  often  gelatinous  in  consistence. 
On  section,  they  may  present  a gelatinoid,  watery  appearance.  The  rate 
of  growth  varies  in  different  cases,  and  often  within  wide  limits;  it  is 
usually  rapid,  but  may  be  slow.  Glandular  involvement,  or  metastasis, 
frequently  occurs  early  and  progresses  rapidly.  In  cylindric-cell  cancer 
of  that  portion  of  the  alimentary  canal  drained  by  the  portal  vein  metasta- 
sis to  the  liver  is  common.  Uterine  and  other  forms  of  pelvic  cancer  may 
be  similarly  disseminated.  Cylindric-cell  epithelioma,  as  a rule,  occurs  in 
younger  patients  than  does  any  other  variety  of  epithelioma. 

These  tumors  are  usually  primary  in  the  rectum  (rectal  carcinoma 
may  occur  very  early  in  life),  stomach,  uterus,  ovary,  gall-bladder,  liver  and 
biliary  passages,  or  respiratory  tract;  cylindric-cell  cancer  may  occur  in 
any  portion  of  the  intestine.  As  secondary  growths,  this  variety  of  cancer 
occurs  in  the  lymphatic  nodes,  liver,  lungs,  and  kidney,  and  in  bone. 


Fig.  151. — Section  of  Cylindric-cell  Carcinoma  of  the  Liver. 

Tissue  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  toluidin-blue  and  eosin,  and 
mounted  in  balsam.  Drawn  from  i-inch  obj.,  Linch  oc.  A,  A,  A.  The  liver  tissue  adjacent 
to  the  tumor.  The  remainder  of  the  field  consists  of  three  complete  and  five  incomplete  alveoli. 
Two  of  the  complete  alveoli  occupy  the  central  portion  of  the  drawing,  while  the  third  alveolus  (prac- 
tically complete)  is  in  the  extreme  upper  portion.  The  parts  of  alveoli  are  indicated  by  the  letters 
B,  B,  B,  B,  B.  About  x cm.  inward,  and  to  the  left  of  the  second  B from  above,  a small  area 
of  hemorrhage  is  present.  A similar  but  smaller  area  of  hemorrhage  is  seen  just  below  the  lower 
alveolus.  The  section  was  taken  from  a primary  cancer  of  the  liver,  which  showed,  in  some  areas  a 
structure  closely  resembling  the  cylindric-cell  cancer;  in  other  areas  the  absence  of  any  intra-alveolar 
arrangement  of  the  cells  leads  to  an  encephaloid  appearance.  It  will  be  noticed  that  in  the  alveoli 
shown  there  is  not  the  characteristic  cylindric  arrangement  of  the  cells  to  be  seen  in  figure  150.  At 
some  points,  however,  there  is  seen  a distinct  attempt  at  such  an  arrangement.  The  absence  of  any 
capsule,  or  of  any  effort  at  capsule  formation,  between  the  tumor  and  the  adjacent  liver-tissue  is  well 
shown.  An  illustration  showing  the  gross  appearance  of  this  tumor  is  to  be  found  in  the  chapter  on  the 
Liver,  Part  II. 

The  secondary  nodules  possess  the  same  characters  as  the  primary  growth. 
The  most  common  forms  of  degenerative  change  are  mucoid  and  colloid. 
As  already  remarked,  cylindric-cell  cancer  resembles  very  closely  the 
tubular  adenoma.  (See  p.  315.)  The  very  close  resemblance  of  the  two 
varieties  of  tumor  has  led  observers  to  regard  them  as  possibly  identical; 
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the  structural  difficulty  has  been  concealed  by  associating  with  it  the 
clinical  phenomena;  thus,  we  find  in  the  German  literature  constant 
reference  to  simple  adenoma  and  to  malignant  adenoma,  meaning  by  the 
former  the  tubulated  adenoma,  and  by  the  latter  the  adenocarcinoma  at 
present  under  consideration.  It  is  evident,  clinically,  that  the  two  tumors 
are  not  identical.  The  small,  strawberry-like  polyp  of  the  rectum,  in 
children,  never  recurs  after  removal,  and  of  the  many  specimens  of  simple 
adenoma  of  the  cervix  uteri  that  the  author  has  seen,  none  has  recurred  if 
removed  early  in  life.  In  tracing  the  cases  of  clearly  marked  cylindric- 


Fig.  152. — -Cylindric-cell  Epithelioma  op  the  Cervix  Uteri. 

The  cervix  and  most  of  the  body  of  the  uterus  have  been  destroyed  by  the  necrotic  process.  The  grooved 
director  shown  in  position,  passes  through  a perforation  into  Douglas’  pouch.  The  ovary  shown  on 
the  left  is  much  enlarged,  and  is  apparently  invaded  at  its  point  of  attachment  to  the  uterus  behind. 
The  vaginal  vault  and  the  posterior  bladder  wall  have  been  destroyed. 

cell  cancer  not  a single  instance  has  occurred  in  which  recurrence  did  not 
take  place  in  the  course  of  time.  Sometimes  the  newly  formed  tubules  are 
surrounded  by  a distinct  membrana  propria;  such  a tumor  must  evidently 
be  a simple  adenoma.  In  the  typical  tubules  of  the  cylindric-cell  cancer  no 
basement  membrane  is  ever  demonstrable;  in  the  cancer  there  is  more 
lawless,  purposeless,  irregular  distribution  of  the  gland-like  epithelial  cells, 
and  usually  a sufficiently  prolonged  search  shows  areas  so  clearly  cancerous 
that  the  diagnosis  cannot  be  doubted.  That  the  simple  adenoma  may  be 
converted  into  the  cancerous  tumor  there  can  be  no  doubt.  Admitting 
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this  possibility,  it  must  be  conceded  that  intermediate  structural  grada- 
tions occur,  and  that  occasionally  tumors  are  found  in  which,  from  the 
examination  of  a single  slide,  it  is  quite  impossible  to  state  definitely 
whether  that  particular  neoplasm  is  simple  or  malignant.  Recognizing 
that  adenoma  of  this  kind  is  likely  to  become,  without  any  apparent  reason, 
malignant  adenoma,  it  seems  to  the  author  that  the  method  of  treatment 
of  such  cases  is  at  once  simplified — the  dangerous  character  of  all  doubtful 
growths  of  this  kind  should  be  admitted,  and,  in  the  absence  of  positive 
knowledge  to  the  contrary,  they  should  be  treated  as  cancer. 

Tubulated  Epithelioma  (also  variously  known  as  Rodent  Ulcer , Tubular 
Epithelioma,  Noli  me  tangere,  Lupus  Exedens,  Herpes  Exedens,  etc.). — This 
form  of  epithelioma  is  composed  of  irregular  pavement  epithelium  ar- 
ranged in  plugs  or  cylinders  that  anastomose  with  one  another  and  are  em- 
bedded in  a stroma  consisting  of  connective  tissue,  which  may  be  em- 
bryonic, mucoid,  or,  more  commonly,  dense  and  fibrous.  When  mucoid, 
it  is  more  likely  to  undergo  further  degeneration  and  to  become  cystic. 
The  epithelial  nests  and  pearls  seen  in  the  squamous  epithelioma  are 
absent.  In  some  instances  the  histologic  arrangement  resembles  scirrhus. 

With  regard  to  the  gross  appearance  and  development  of  this  tumor, 
descriptions  have  been  given  that  evidently  include  true  lupus  (cutaneous 
tuberculosis).  The  resemblance  is  often  striking,  and  a microscopic 
examination  is,  in  most  instances,  necessary  to  differentiate  between  the 
two  conditions.  Tubulated  epithelioma  occurs  in  the  aged;  it  appears 
on  the  mucous  membranes  earlier  in  life  than  on  the  cutaneous  surfaces. 
The  majority  of  case  coming  under  the  author’s  observation  have  begun 
on  the  lower  eyelid  or  nose.  Ulceration  appears  early,  but  progresses  very 
slowly,  and  the  process  may  remain  stationary  for  months  or  even  years. 
The  edges  of  the  ulcer  are  usually  elevated,  irregular,  and  indurated. 
The  degree  of  induration  depends  largely  upon  the  duration  of  the  process. 
In  old,  slowly  extending  ulceration  the  induration  is  more  marked  than  in 
rapidly  progressing  lesions.  Instances  are  not  infrequent  in  which  partial 
healing  of  the  ulceration  has  taken  place,  and  in  which,  after  a variable 
period  of  quiescence,  extension  has  been  resumed.  Sometimes,  without 
any  discernible  cause,  the  growth  suddenly,  assumes  remarkable  activity, 
and  in  a comparatively  short  time  shows  extensive  involvement  of  ad- 
jacent tissues.  The  author  recalls  a case  in  which  a tumor  developed  on 
the  lower  eyelid  as  a small  ovoid  ulceration ; after  three  years  the  diameter 
did  not  exceed  0.5  cm.  It  was  excised  and  its  cancerous  nature  was 
demonstrated  by  microscopic  examination.  Within  a year  a small  re- 
current lesion  appeared  at  the  site  of  excision,  which,  in  five  years,  showed 
but  little  tendency  toward  extension.  The  tumor  then  began  active  growth, 
and  within  two  months  had  involved  the  entire  lower  eyelid  and  part  of 
the  cheek,  and  had  almost  entirely  destroyed  the  eye.  Excision  was  again 
attempted,  but  seemed  to  exert  but  little  influence  on  the  rapidity  with 
which  the  cancer  extended. 

Glandular  involvement  is  more  uncertain  in  these  cases  than  in  any 
other  variety  of  cancer;  in  some  instances  the  spread  is  rapid;  in  others, 
slow;  in  some  cases  it  does  not  appear  at  all.  When  upon  the  mucous 
surfaces,  or  upon  the  eyelid,  the  growth  is  frequently  rapid. 

Tricho -epithelioma1  closely  resembles  some  forms  of  the  squamous-cell 

1 Hartzell,  Proc.  Path.  Soc.  of  Phila.,  1907,  n.  s.  vol.  x;  Stelwagon,  Diseases  of 
the  Skin,  1910,  p.  634. 
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variety  and  others  of  the  tubulated  epithelioma.  It  may  not  be  attended 
by  ulceration  as  necrosis  occurs  late.  Histologically  it  is  characterized  by 
delicate  hair-like  threads  or  columns  of  epithelium  usually  embedded  in 
dense  connective  tissue.  In  some  cases  cysts  are  formed  and  as  the  disease 
is  commonly  without  malignant  manifestations  the  condition  has  been 
called  benign  cystic  epithelioma.  The  name  tricho-epithelioma  is  intended 
to  indicate  its  origin  from  the  hair  follicles,  a view  generally  accepted. 

Krompecher1  describes  a group  of  tumors  believed  to  arise  from  the 
basal  cells  of  the  Malpighian  layer  of  the  skin,  resembling,  in  some  respects, 
other  forms  of  cutaneous  epithelioma,  and  called  carcinoma  basocellulare. 
In  Emley’s  series  of  35  cases,  24  of  the  patients  were  males,  21  were  over 
fifty  years  of  age;  only  one  patient  was  under  twenty  years.  The  average 
duration  was  over  eight  years,  and  in  none  of  the  cases  was  there  involve- 
ment of  the  lymph-nodes.  The  tumor  cells  are  continuous  with  the  Mal- 
pighian layer  and  may  be  collected  in  groups — bulbous  form — surrounded 
by  narrow  bands  of  mature  fibrous  stroma.  In  othei  instances — cystic 
form — small  cavities  containing  turbid  fluid  are  present;  usually  the  wall 
of  such  spaces  is  formed  by  tumor  cells,  but  occasionally  the  connective- 
tissue  stroma  may  be  exposed.  In  another  group  of  these  neoplasms  the 
epithelium  extends  as  irregular  branching  projections  resembling  the  tubu- 
lated epithelioma  referred  to  above;  this  type  Emley  terms  the  styloid 
form.  The  fact  that  these  basal  cell  cancers  are  materially  different  from 
other  forms  of  carcinoma  is  shown  by  the  occurrence  of  encapsulation  and 
by  their  usual  benignancy. 

Site. — The  most  frequent  location  is  on  the  face,  tongue,  and  general 
cutaneous  surface.  A similar  but  certainly  not  identical  neoplasm  is 
occasionally  seen  in  the  intestine,  uterus,  and  ovary.  When  occurring 
in  the.  skin,  the  mass  is  believed  to  develop  from  the  sweat-glands,  or,  pos- 
sibly, from  the  hair-sheaths. 

Glandular  Carcinoma. — Varieties:  (1)  Scirrhus;  (2)  encephaloid  carci- 
noma. These  tumors  are  closely  allied,  possibly  identical  manifestations 
of  the  same  pathological  process.  The  hardness  upon  which  clinical  dis- 
tinctions commonly  are  made  depends  upon  the  quantity  of  stroma  and, 
to  a lesser  degree,  upon  the  tension  with  which  the  cells  are  maintained 
within  the  alveoli.  The  cellular  elements  are  round  or  as  a result  of  re- 
ciprocal pressure,  polyhedral,  and  consequently  the  neoplasms  are  some- 
times referred  to  as  spheroidal  cell  cancers. 

Scirrhus  ( Acinous  Cancer,  Chronic  Cancer,  Hard  Cancer,  Fibrous  Car- 
cinoma).— This  variety  of  carcinoma  is  characterized  by  the  abundance 
and  density  of  its  stroma  and  by  its  irregular  growth.  The  tumor  occurs 
as  a hard,  firm  mass,  varying  in  appearance  according  to  location.  In  the 
mamma,  which  is  the  usual  site,  it  forms  a hard,  rounded,  or  irregular 
mass,  which  soon  becomes  firmly  attached  to  the  subcutaneous  tissue,  and 
eventually  to  the  skin.  By  contraction  of  the  fibrous  stroma  it  causes 
retraction  of  the  nipple  and  puckering  or  dimpling  of  the  skin.  (See  Figs. 
153  and  154.) 

On  section,  it  presents  a grayish-white  glistening  appearance,  dotted 
with  yellow  patches  of  fatty  tissue.  The  fibrous  bands  and  fatty  areas 
are  more  marked  near  the  center  of  the  tumor.  Toward  the  periphery 
it  is  more  vascular  and  less  fibrous;  it  is  nonencapsulated.  On  microscopic 

'Ziegler's  Beitr.,  1900,  Bd.  xxviii;  Emley,  Trans.  Chicago  Path.  Soc.,  1904, 
vol.  vi;  Mizokuchi,  Inaug.  Dissert.,  Wurzburg,  1908. 
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section,  the  tissue  is  composed  of  two  structures,  connective  tissue  and 
epithelial  cells,  the  connective  tissue  or  stroma  being  arranged  so  as  to 
form  a series  of  rounded  or  irregular  spaces  (alveoli)  in  which  the  epithelial 
cells  are  nested.  The  blood-vessel  walls  are  thickened  and  fibrous. 
Microscopic  sections  from  the  central  part  of  the  tumor  shows  the  connect- 
ive tissue  more  dense  and  fibrous  and  the  alveoli  much  smaller,  with  the 
epithelial  cells  small  and  atrophied,  or  possibly  degenerated.  With  the 
increase  in  the  fibrous  stroma  there  is  increased  contraction,  causing  ir- 
regularities of  the  surface;  when  occurring  in  the  breast,  this  contraction 
gives  rise  to  retraction  of  the  nipple — umbilication. 

During  the  development  of  the  morbid  process  contraction  of  the 
fibrous  tissues  may  be  more  rapid  than  epithelial  proliferation,  and  the 
organ  involved — for  example,  the  breast — may  actually  diminish  in  size 
with  progressive  induration;  when  this  contraction  is  marked,  the  tumor 
is  said  to  be  atrophic  or  “withering.”  (See  Atrophic  Scirrhus.)  Another 


Fig.  153. — Part  of  Cutaneous  Surface  of  Right  Mamma,  the  Seat  of  a Centrally  Placed,  Primary 

Scirrhous  Carcinoma  and  of  a Secondary'  Nodule. 

Just  to  the  left  of  the  letter  A is  the  nipple,  showing  the  retraction  or  umbilication,  -with  puckering  or 
dimpling  of  the  skin  of  the  surrounding  areola.  The  “bacon-rind”  appearance  is  even  more  marked 
just  to  the  left  of  B.  To  the  right  of  C is  a secondary  nodule,  firmly  attached  to  the  skin,  which  is 
drawn  in  around  the  neoplasm;  the  surface  of  the  nodule  shows  the  stretched  skin,  which  at  the  five 
pale  ovoid  or  irregular  areas  is  greatly  thinned. 


diagnostic  point  depending  upon  contraction  of  the  fibrous  tissue  is  the 
“cupping”  of  the  center  of  the  mass  when  divided  by  an  equatorial  incision ; 
this  is  not  always  present,  but  can  usually  be  demonstrated.  If  the 
neoplasm  be  cut  in  halves  by  a clean,  smooth  incision,  the  central  part  of 
the  cut  surface  of  each  half  retracts,  thereby  depressing  that  part  of  the 
incised  surface  below  the  surrounding  margin — the  depressed  area  con- 
stituting the  so-called  “cup.”  (See  Fig.  154.) 

Glandular  involvement  usually  takes  place  within  the  first  year,  and 
is  practically  always  demonstrable  by  microscopic  examination  even  when 
not  evident  to  the  unaided  eye. 

Glandular  carcinoma,  usually  scirrhus,  may  arise  from  cystic  processes 
affecting  the  mammary  gland,1  particularly  that  morbid  condition  called 

1 See  Ellis,  Publications  from  the  Laboratories  of  the  Jefferson  Medical  College 
Hospital,  1904,  vol.  i,  reprint  from  Annals  of  Surgery,  Sept.,  1903.  Bibliography. 
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cystic  disease  of  the  mamma  or  chronic  mastitis  associated  with  the  de- 
velopment of  cysts.  Some  sections  from  the  breast  studied  by  Ellis 
showed  that  the  epithelium  lining  the  cyst  cavities  was  continuous  .with 
the  cells  occupying  alveoli  of  clearly  cancerous  areas.  Such  a demonstra- 
tion calls  attention  to  the  manner  by  which  the  lining  cells  of  the  mammary 
acini  may  extend  into  the  connective  tissue  of  the  organ,  thereby  pro- 
ducing carcinoma. 

The  forms  of  degeneration  occasionally  seen  in  hard  cancers  are  fatty, 
colloid,  mucoid,  and  hyaline,  and,  rarely,  caseous  necrosis.  Melanotic, 
or  pigmentary,  and  calcareous  deposits  occur.  The  most  remarkable 
feature  of  some  of  these  cases  is  the  spontaneous  disappearance  of  the 
neoplasm;  nodules  that  have  developed  after  operation  (recurrent  car- 
cinoma) may  cease  to  grow  or  even  atrophy.  There  is  evidence  to  show 
that  even  visceral  metastases  may  manifest  retrogressive  changes.  In- 


Fig.  154. — Carcinoma  of  the  Mamma;  Axial  Section  Through  the  Nipple  in  Line  from  Sternum 

to  Axilla. 

The  depressed  nipple  occupies  the  summit  of  the  center  of  the  cancerous  area.  The  small  drawing  to  the 

left  shows  in  profile  the  cupping  of  the  incised  surface.  (Illustration  two-thirds  natural  size.) 

stances  illustrating  this  peculiar  phenomenon  are  exceedingly  rare  but 
of  undoubted  occurrence. 1 It  is  not  known  exactly  what  histologic  altera- 
tions accompany  the  disappearance,  but  probably  the  changes  are  similar 
to  those  seen  in  the  atrophic  scirrhus. 

Scirrhous  carcinoma  is  most  frequent  in  the  breast,  uterus,  stomach 
(pylorus),  esophagus,  rectum,  and  kidney;  it  is  rare  in  ovary,  testes,  and 
prostate. 

Atrophic  Scirrhus. — When  the  production  of  fibrous  tissue  pre- 
dominates and  the  epithelium  proliferates  slowly,  the  resulting  tumor 
contracts  much  more  rapidly  than  it  grows.  The  epithelial  cells  are 
therefore  pressed  upon,  and  often  disappear  from  many  areas.  This 
form  of  scirrhus  is  a breast  tumor,  and,  once  developed,  it  is  generally 
found  that  the  gland  and  tumor  progressively  diminish  in  size.  The 
malignancy  is  low,  and  if  the  fibrous  tissue  development  persists  in  its 
excess,  the  patient  rarely  succumbs.  The  writer  had  a case  under 
observation,  a woman  seventy-two  years  of  age,  who  had  refused  an 
operation  nearly  twenty  years  previously.  The  entire  breast  of  one 
side  and  the  overlying  and  adjacent  skin  showed  puckering  and  con- 
traction; the  breast  of  the  other  side  was  also  invaded,  but  ulceration 
had  not  taken  place  over  either  gland.  Lymphatic  involvement  may 
be  long  delayed,  or,  in  a few  cases,  may  not  occur.  In  the  case  just 

1 Osier,  Amer.  Med.,  April,  1901;  also  Willson,  Brit.  Med.  Jour.,  Dec.  20,  1902, 
p.  1899. 


33° 


GENERAL  PATHOLOGY. 


mentioned  there  was  very  slight  involvement  in  the  last  few  years  only. 
The  patient  died  at  seventy-four,  of  erysipelas.  Microscopically,  such 
tumors  are  mostly  fibrous  stroma,  with  few  alveoli;  the  contained  epithe- 
lial cells  are  advancedly  atrophied  or  degenerated,  or  both. 

Encephaloid  Carcinoma  ( Medullary  Carcinoma,  Soft  Cancer,  Acute 
Cancer). — This  infrequent  variety  of  carcinoma  is  a soft,  rapidly  growing, 
brain-like  tumor,  in  which  the  fibrous  stroma  is  more  nearly  embryonic, 
not  uncommonly  myxomatous,  and  very  scanty,  although  not  uniformly 
so;  the  alveoli  are  large  and  filled  with  large,  rapidly  growing  epithelial 
cells.  The  tumor  appears  as  a soft,  at  times  almost  fluctuating,  nodular 
mass,  which  tends  to  ulcerate  and  to  bleed  (fungus  hematodes) . There  is 
early  involvement  of  the  skin,  soon  followed  by  superficial  necrosis  and 

c A 


Fig.  155. — Glandular  Carcinoma  of  the  Liver  (Scirrhus). 

Tissue  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and 
mounted  in  balsam.  Drawn  from  pinch  obj.,  pinch  oc.  A,  A,  A,  A,  A,  Connective-tissue 
stroma.  B,  B,  B,  B,  B.  Epithelial  cells  occupying,  but  not  filling,  the  alveoli.  Communication 
between  the  alveoli  is  well  shown,  as  practically  all  the  large  alveoli  communicate.  _ Just  below  C is 
shown  a small  alveolus  containing  two  epithelial  cells,  and  a little  to  the  right  is  a similar  alveolus.  A 
number  of  efforts  were  made  to  demonstrate  that  the  clear  space  surrounding  the  epithelial  cells  was 
occupied  by  some  material  that  would  not  stain  by  the  method  used  in  the  section  from  which  this 
drawing  was  made.  All  efforts  to  secure  such  demonstration  were  futile.  It  is  probable  that  the  space 
is  produced  by  the  contraction  of  the  epithelial  cells  during  the  process  of  fixation  or  hardening,  or 
that  the  spaces  shown  are  filled  during  life  with  some  fluid  not  coagulable  by  the  fixing  method  used. 

ulceration.  The  peculiar  cutaneous  manifestation — “pig-skin,’  ’“bacon- 
rind,”  “orange-skin” — is  attributed  by  Leitctd  to  lymphatic  permeation 
and  consequent  lymph  stasis  in  the  corium;  in  no  other  affection  is  the 
appearance  so  striking.  As  a rule,  encephaloid  carcinoma  occurs  earlier 
in  life  than  scirrhus,  and  has  been  reported  in  the  young.  It  may  occur 
as  a primary  or  secondary  growth.  The  growth  is  exceedingly  rapid, 
and  glandular  involvement  takes  place  early — within  the  first  six  months. 
There  is  no  retraction  of  the  nipple  when  occurring  in  the  breast,  and  the 

1 Lancet,  Sept.  18,  1909,  p.  861. 
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rapidity  of  growth  produces  a more  clearly  circumscribed  mass  than  scir- 
rhus;  it  is,  however,  more  rapidly  fatal. 

Primarily,  encephaloid  cancer  is  most  common  in  mammary  gland 
and  in  testis;  it  may  occur  as  a secondary  growth  following  scirrhus, 
particularly  when  the  latter  involves  the  internal  organs.  Encephaloid 
cancer  is  much  less  common  than  scirrhus. 

Colloid  or  gelatiniform  carcinoma  is  a form  of  cancer  in  which  degen- 
erative changes  take  place  in  the  protoplasm  of  the  epithelial  cells  of  the 
alveoli  or  in  the  connective-tissue  stroma.  The  typical  colloid  cancer 
belongs  to  the  glandular  group,  although  a similar  change  is  sometimes 
observed  in  the  cylindric-cell  epithelioma,  particularly  of  the  liver. 
The  two  conditions  are,  however,  by  no  means  identical,  and  are  therefore 


Fig.  156. — Carcinoma  Arising  in  a Mamma  the  Seat  of  Cystic  Disease. 

A.  Necrotic  detritus  contained  within  a cyst.  B.  Proliferating  epithelium  lining  the  cyst.  At  points  this 
layer  shows  desquamation  into  the  cyst  cavity.  C,  C.  Two  points  where  the  epithelial  lining  of  the 
cyst  is  continuous  with  the  epithelium  of  the  alveoli  of  adjacent  carcinomatous  tissue.  D,  D.  Intra- 
alveolar  epithelial  nests  characteristic  of  this  type  of  carcinoma. 

easily  differentiated.  Gelatinous  transformation  of  glandular  carcino- 
mata occurs  frequently  in  cancer  of  the  intestinal  canal,  particularly 
of  the  stomach,  and  less  frequently  in  cancers  of  the  mammary  gland, 
testes,  and  ovaries.  Gelatinous  areas  are  sometimes  found  that  no 
longer  contain  any  of  the  structural  elements  by  which  it  is  possible  to 
identify  carcinomatous  processes.  In  the  youngerp  arts  of  the  tumor, 
however,  advancing  transformation  may  usually  be  recognized;  a varying 
number  of  epithelial  cells  may  be  found,  centrally  placed  in  the  alveolus, 
and  surrounded  by  concentric  lamellae  of  gelatinous  material.  The 
tumors  are  soft  and  trembling,  glassy,  and  at  points  semitransparent.  In 
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the  mammary  gland  metastasis  may  be  delayed;  in  the  stomach  rapid 
extension  to  the  peritoneal  surface,  and  more  or  less  diffuse  carcinoma- 
tosis of  the  serous  surface,  may  be  rapidly  developed.  (For  the  chemistry 
of  colloid  and  mucoid  changes  see  p.  238.) 

Mucoid  Carcinoma. — When  the  substance  that  distends  the  alveoli 
is  more  viscid  in  character,  it  is  believed  to  be  the  result  of  mucoid  degen- 
eration of  the  intercellular  substance,  rather  than  a colloid  change  com- 

,4 


Fig.  157. — Encephaloid  Carcinoma  (Soft  Cancer).  Fig.  158. — Glandular  Carcinoma  in  Which  the 
(Gould.)  Stroma  Has  Been  Converted  into  Mucoid 

A,  A.  Stroma  made  up  of  developing  connective  I issue.  (Gould.) 

tissue.  At  the  upper  A the  stroma  is  almost  Note  the  stellate  cells  so  closely  resembling  those 
myxomatous.  B.  Epithelial  cells  occupying  an  seen  in  myxoma, 

alveolus;  three  other  alveoli  are  shown. 


mencing  in  the  cell.  It  is  the  transformation  of  the  albuminoid  constit- 
uents of  the  tissue  into  a complex  protein  rich  in  mucin.  Until  our 
methods  of  differentiation  become  more  accurate,  and  until  we  know 
more  of  the  evolution  of  mucoid  and  colloid  carcinomata,  it  would  prob- 


Fig.  159. — Colloid  Cancer.  (Rindfleisch.)  X 3 bo  diameters. 

The  stroma  has  been  but  little  involved,  while  the  in tra-alveolar  structure  has  been  converted  almost 

entirely  into  gelatiniform  material. 


ably  be  best  to  consider  them  both  under  the  head  of  gelatinous  or  gela- 
tiniform  cancer. 

Melanotic  carcinoma  is,  in  the  writer’s  experience,  a very  rare  tumor. 
It  is  believed  that  the  pigment-forming  cells  of  epithelial  origin  are 
present  in  certain  forms  of  cancer,  and  that  melanosis  in  such  tumors 
is  due  to  the  activity  of  these  cells.  Melanotic  cancers  are  usually  malig- 
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nant  to  a high  degree,  manifesting  a tendency  to  metastasis  early;  the 
secondary  nodules  are  pigmented. 

CONNECTIVE-TISSUE  NEOPLASMS. 

Typic  Connective-tissue  Tumors. 

Lipoma  or  fatty  tumor  is  a localized,  more  or  less  circumscribed,  new 
formation  of  fat.  Lipomata  are  usually  lobulated,  soft,  doughy,  pseudo- 
fluctuating,  and  inelastic.  As  to  shape,  they  are  ovoid,  spheric,  or  flat, 
commonly  sessile,  rarely  pedunculated.  If  encapsulated,  the  capsule 
is  exceedingly  thin;  nonencapsulated  fatty  tumors  are  sometimes  spoken 
of  as  diffuse  lipomata , the  margins  being  often  not  clearly  defined. 
Lipomata  are  occasionally  multiple;1  instances  are  on  record  in  which 
many  were  present.  The  author  recalls  a case  in  which  multiple 


Fig.  160.  Fig.  161. 

Diffuse  Symmetric  Lipoma  of  the  Neck. 

Case  reported  by  Dr.  J.  Shelton  Horsley  in  the  “Philadelphia  Medical  Journal,”  July  8,  1899  (reproduced 

by  permission). 

lipomata  situated  in  the  axilla,  groin,  and  neck  led  to  the  diagnosis  of 
Hodgkin’s  disease.  The  diagnosis  in  this  case  was  made  more  difficult 
by  the  presence  of  calcareous  infiltration  and  true  bone  formation  in  the 
interior  of  the  tumors,  rendering  them  more  dense  and  causing  a striking 
resemblance  to  multiple  lymphadenomata.  Multiple  lipomata  are  said 
to  occur  in  families;  not  infrequently  the  inherited  tendency  is  transmitted 
through  several  generations.  Sometimes  the  distribution  or  even  the 
conformation  of  the  growths  is  characterized  by  symmetric  development 
on  the  two  sides  of  the  body.  In  1909  there  were  fifty-eight  recorded  cases 
of  diffuse  lipomatosis.  In  some  of  these  cases  the  tumors  are  of  con- 
genital origin.  An  interesting  phenomenon  observed  in  fatty  tumors  is 

1 Queinnec,  These  de  Paris,  1903;  Steisoner,  Inaug.  Dissert,  Freiburg,  1905; 
Koch,  Deutsch.  Arch.  f.  klin.  Med.,  vol.  lxxxiv,  1905. 
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“gravity  wandering”;  this  feature  may  be  present  in  tumors  developing 
in  the  subcutaneous  tissues  and  possessing  slight  attachment  to  the  sur- 
rounding structures.  Fatty  tumors  developing  on  the  upper  portion  of 
the  chest  wall,  near  the  axilla,  or  on  the  back,  may,  in  the  course  of  time, 
descend  to  the  level  of  the  pelvic  brim,  and  lipomata  of  the  thigh  may 
wander  as  far  as  the  knee.  The  distance  traveled  and  the  rapidity  of 
movement  are,  of  course,  influenced  by  the  amount  of  attachment  and  by 
anatomic  relations. 

Microscopically,  fatty  tumors  consist  of  cells  containing  fat  and  of  a 
variable  quantity  of  connective-tissue  stroma.  The  cells  are  like  those 
of  adipose  tissue,  though  usually  larger.  The  blood-vessels  are  distrib- 
uted in  the  fibrous  stroma.  If  the  fibrous  tissue  is  in  excess,  the  neo- 
plasm is  called  a fibrolipoma,  or  fibro-fatty  tumor.  The  fibrous  fatty 
tumor,  or  fibrolipoma,  differs  from  the  simple  lipoma  only  in  the  amount 
of  fibrous  tissue  that  it  contains.  In  the  fibrolipoma  this  is  abundant; 
there  is  no  capsule,  and,  if  the  tumor  be  grasped  at  its  base  and  the  skin 
made  tense,  dimpling  of  the  cutaneous  covering  occurs;  this  result  is 
brought  about  by  the  fibrous  bands  which  traverse  the  tumor,  pulling 
in  the  skin  at  their  points  of  attachment.  When  the  periphery  of  the 
neoplasm  is  sharply  outlined  from  the  adjacent  tissues,  the  tumor  is 
known  as  a circumscribed  lipoma;  diffuse  lipomata  are  not  encapsulated 
and  are  continuous  with  the  fatty  tissues  in  which  they  arise.  Lipo- 
mata containing  myxomatous  tissue  are  called  myxolipomata. 

Clinically , lipomata  are  benign  tumors  of  slow  growth  and  of  variable 
size. 

The  infiltrations  and  degenerations  that  they  may  undergo  .are  cal 
careous  infiltration  and  mucoid  degeneration,  ossification,  ulceration, 
and  cystic  degeneration;  secondary  inflammatory  and  necrotic  changes 
also  occur. 

Lipomata  may  involve  any  connective  tissue.  They  usually  arise  in 
the  subcutaneous  tissue  of  the  trunk,  especially  of  back,  abdominal  walls, 
intermuscular  septa,  and  subsynovial  and  subserous  tissues.  Lipoma 
is  rare  in  the  gastrointestinal  tract1  and  internal  organs.  Retroperitoneal 
and  mesenteric  fatty  tumors  sometimes  become  very  large  and  may 
weigh  15  kilos  or  more.2 

Chondroma  ( Enchondroma , Enchondrosis , Chondroid  Exostosis). — 
Chondromata  are  masses  of  new  tissue,  composed  of  hyaline,  elastic,  or 
white  fibrocartilage.  Chondromata  developing  from  preexisting  cartilage, 
such  as  the  cartilages  of  the  larynx  and  trachea  and  the  costal  cartilages, 
may  assume  a polypoid  shape,  are  not  uncommonly  multiple,  and  are 
spoken  of  as  ecchondromata.  Developing  from  bone  or  in  tissue  not 
normally  containing  this  element,  the  cartilaginous  tumors  are  called 
enchondromata.  The  term  chondroid  exostosis  is  applied  to  a cartilaginous 
tumor  growing  from  bone ; such  a tumor  may  appear  as  a periosteal,  sub- 
periosteal, or  medullary  growth.  Cartilaginous  tumors  are  usually 
rounded,  smooth,  tuberous,  or  lobulated  masses  of  very  dense  consistence ; 
owing  to  the  compression  of  the  surrounding  tissues,  they  often  appear 
encapsulated;  not  uncommonly,  however,  they  possess  well-marked 
capsules.  The  cut  surface  presents  a pearly,  bluish-pink  appearance, 
identical  with  fresh  cartilage.  As  a rule,  cartilaginous  tumors  are  non- 

1 Stetten,  Surg.,  Gynecol.,  and  Obstet.,  Aug.,  1909,  p.  156. 

2 Ht'risson,  These  de  Paris,  1909. 
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vascular;  but  if  vascularization  occurs,  it  is  at  the  center  or  through  the 
fibrous  septa.  Tumors  composed  of  cartilage  are  most  frequent  in  the 
young  and  are  rare  after  puberty. 

Microscopically,  the  cells  of  the  neoplasm  resemble  those  found  in 
true  cartilage;  the  intercellular  substance  may  be  hyaline,  faintly  or 
distinctly  fibrous,  or,  in  rare  instances,  mucoid.  They  are  not,  as  a rule, 
composed  of  dense  cartilaginous  tissue,  but  of  islands  of  cartilage  sur- 
rounded by  fibrous  septa.  The  cartilage  matrix  is  hyaline,  except  at  its 
junction  with  the  fibrous  stroma,  where  it  is  usually  more  or  less  fibrous. 
Within  the  matrix  are  the  lacunae  containing  the  cartilage  cells;  these 
resemble  the  cells  of  normal  cartilage,  except  that  branching,  stellate, 
and  irregular  forms  are  frequently  present;  usually  they  are  rounded  or 
oval  in  shape.  The  lacunae  of  the  matrix  are  occasionally  branched,  so 
as  to  cause  the  appearance  of  a series  of  star-shaped  spaces,  with  cartilage 
cells  lying  in  their  centers. 

Fatty,  calcareous,  mucoid  (most  common),  and  cystic  changes  some- 
times affect  cartilage  tumors;  ossification  may  occur,  especially  when 
the  tumor  springs  from  the  junction  of  the  epiphysis  and  shaft  of  a long 
bone. 

Chrondromata  are  most  frequent  in  tissues  that  normally  contain  bone; 


Fig.  162. — Lipoma.  (Gould.) 

The  globular  fat-cells  with  nuclei  displaced  to  the 
cell  margin  are  well  shown. 


Fig.  163. — Chondroma.  (Gould.) 


as  bones  are  developed  largely  out  of  cartilage,  it  may  be  supposed  that 
remains  of  this  structure  are  left  behind  (Cohnheim’s  rests),  and  that  they 
later  develop  into  tumors.  Chrondromata  occur  most  frequently 
on  the  metacarpal  bones  and  phalanges  of  the  hands;  not  so  frequently 
on  the  corresponding  bones  of  the  foot.  They  are  not  infrequent  on  the 
femur  and  bones  of  the  pelvis,  in  the  last-named  situation  not  uncom- 
monly attaining  the  largest  size;  they  also  occur  on  the  ribs  and  scapulae, 
rarely  on  the  face  and  skull,  sheaths  of  tendons,  and  bronchial  cartilages. 
Chondromata  are  infrequent  in  the  soft  parts,  but  have  been  observed  in 
the  testicles,  ovaries,  mammae,  and  salivary  glands.  Chondroid  and 
osteoid  masses  occasionally  develop  from  the  inner  table  of  the  skull 
and  from  points  of  junction  of  the  cranial  bones  that  normally  coalesce. 
In  very  rare  cases  chondroma  gives  rise  to  metastases,  which  may  occur 
in  the  lungs,  spleen,  brain,  liver,  and  heart.  Michaeloff1  collected  14  such 
cases. 

Osteoma. — A tumor-like  mass  of  bone  developed  without  the  occur- 
rence of  inflammation  or  incident  to  the  process  of  repair;  usually  such 
tumors  occur  at  the  point  of  junction  between  a bone  and  contiguous 

1 Quoted  by  Patel,  Rev.  de  Chir.,  March  10,  1904,  p.  398. 
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cartilage.  Osteomata  are  classified,  according  to  their  position,  as 
exostoses,  or  those  growing  from  the  exterior  of  a bone,  and  enostoses,  or 
those  growing  from  the  interior  of  a bone.  According  to  their  structure 
they  are  divided  into  eburnated;  compact;  cancellous  or  spongy. 

Eburnated  Osteoma. — These  occur  most  frequently  on  the  inner 
table  of  the  skull,  and  are  not  uncommonly  of  syphilitic  origin.  They 
are  extremely  hard,  symmetric,  and  usually  multiple.  On  section,  the 
dense  bony  structure  is  found  to  be  composed  of  lamellae,  which  are 
arranged  parallel  with  the  surface  of  the  tumor.  In  the  lamellae  there 
are  no  blood-vessels  and  no  Haversian  canals,  but  canaliculi  similar  to 


Fig.  164. — Soft  Fibroma. 


those  found  in  the  cementum  of  the  teeth ; these  run  toward  the  surface. 

Compact  Osteoma. — This  variety  is  composed  of  ordinary  com- 
pact bone,  similar  to  that  found  in  the  outer  layer  of  the  long  bones. 
Frequently  the  growth  is  nodular,  usually  beneath  or  in  the  periosteum, 
and  commonly  affects  the  long  bones.  On  section,  it  is  found  to  differ 
from  the  eburnated  osteoma,  in  that  the  vessels  and  Haversian  canals 
run  at  right  angles  to  the  long  axis  of  the  bone.  The  tumor  possesses 
a periosteal  fibrous  covering,  beneath  which  is  a layer  of  small  round 
cells  (osteoblasts) ; peripheral  growth  of  the  osteoma  is  accomplished 
through  the  activity  of  these  cells.  Regular  Haversian  systems  may 
be  clearly  defined. 

Cancellous  or  Spongy  Osteoma. — In  this  variety  the  trabeculae  are 
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very  thin  and  are  not  numerous;  the  medula  is  embryonic  in  character 
and  often  appears  as  a gelatinous  mass.  In  rare  cases  it  is  distinctly 
fibroid.  The  whole  tumor  is  essentially  similar  to  the  spongy  tissue  of 
which  the  ends  of  long  bones  and  the  bodies  of  shorter  ones  are  com- 
posed. 

Osteomata  are  benign  tumors  of  slow  growth,  usually  arrested  with 
advancing  age,  and  rarely  attaining  a large  size.  They  are  often  heredi- 
tary and  multiple,  in  which  case  they  usually  oc- 
cur in  early  life.  Osseous  growths  that  exhibit 
malignant  characters  are  osteosarcomata,  or  sar- 
comata that  have  undergone  partial  ossification 
or  extensive  calcareous  infiltration.  Osteoma 
may  inflame,  become  carious,  or  undergo  necrosis. 

Rarely  such  tumors  are  transformed  into  sarco- 
mata. 

Osteomata  are  most  common  in  connection 
with  periosteum,  bone,  medulla,  or  cartilage. 

They  may  occur  in  the  soft  parts  of  the  body,  in 
the  brain  substance,  in  the  dura  mater  and  pia 
mater,  in  the  pleura,  diaphragm,  pericardium, 
in  the  skin,  in  the  choroid  coat  of  the  eye,  in 
the  walls  of  air-passages,  around  or  in  lymph- 
nodes,  in  nerve-centers,  and  in  tendons. 

Fibroma  ( Fibroid , Desmoid,  Steatoma,  Inoma). 

— Fibromata  are  tumors  composed  of  wavy  bun- 
dles of  fibrous  tissue. 

Simple  Fibroma. — This  variety  is  typified  by 
the  painful  subcutaneous  tubercle,  which  consists 
of  a nodule  about  the  size  of  a coffee-bean  in 
the  subcutaneous  cellular  substance.  It  is  of 
firm  consistence,  and  is  apparently  quite  cir- 
cumscribed, being  stiuated  loosely  in  the  cellular 
tissue  immediately  under  the  integument.  From 
the  extreme  pain  produced  by  these  small  nod- 
ules, many  have  imagined  that  they  must  con- 
tain nerve-fibers;  careful  research,  however,  has 
in  all  cases  failed  to  demonstrate  the  existence 
of  such  structures.  They  occur  more  frequently 
in  the  female  than  in  the  male. 

By  some  authorities  fibromata  are  said  to  be  hard  or  soft,  the  density 
depending  upon  the  degree  of  development.  The  hard  or  dense  fibroma 
(fibroma  durum)  is  of  the  type  of  dense  fibrous  tissue,  while  the  soft 
fibroma  (fibroma  molle)  is  composed  of  a younger,  more  cellular  growth, 
containing  fewer  fibers.  The  hard  fibroma  is  firm,  encapsulated  and 
usually  lobulated.  The  soft  fibroma  is  much  less  dense,  and  in  texture 
resembles  the  lipoma;  it  may  be  lobulated  and  encapsulated.  The  density 
of  the  fibroma  upon,  which  the  foregoing  subdivision  is  based,  may  depend 
upon  factors  other  than  the  developmental  stage  of  the  fibrous  element. 
Myxomatous  transformation  of  the  intracellular  substance  ( myxofibroma ) 
and  edema  produce  soft,  often  semi  fluctuating  fibrous  masses.  In 
addition  to  the  fibrous  tissue,  other  connective-tissue  elements  may  be 
present;  when  such  elements  are  sufficiently  abundant,  the  condition  is 
indicated  in  the  following  manner:  For  fatty  tissue,  lipomatous  fibroma, 


Fig.  165. — Neurofibroma- 
tosis. ( Pode .) 
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or  fibroma  lipomatodes;  for  bony  tissue,  ossifying  fibroma , or  fibroma 
ossificum;  a fibroma  rich  in  capillaries  is  called  angiofibroma  or  telangiectatic 
fibroma , or  fibroma  telangiectaticum. 

Fibromata  originate  in  connective  tissue,  cutis,  or  subcutaneous  tissue, 
from  submucous  or  subserous  tissue,  from  fascia,  periosteum,  neurilemma, 
or  the  connective  tissue  of  organs  (uterus,  ovaries,  testicles,  mammary 
gland,  and  labium  majus).  Clinically,  they  are  benign  tumors  of  slow 
growth,  and,  with  the  exception  of  keloid,  do  not  tend  to  recur  after  re- 
moval. 

Serous  infiltration  (as  in  molluscum  fibrosum),  mucoid  degeneration, 
fatty  degeneration  (especially  in  the  simple  fibroma  of  syphilitic  origin), 


Fig.  166. — Section  (Longitudinal)  of  the  Uterus,  Showing  Uniform  Myomatous  Enlargement. 

At  A is  a small  subserous  myoma  beginning  to  form  a pedicle.  The  small  depressions  shown  on  the 
incised  surfaces  are  sections  of  sinuses,  some  of  which  contained  thrombi.  ( From  a specimen  in  the 
museum  of  the  Jefferson  Medical  College.  The  drawing  is  one-fourth  natural  size;  the  artist  has  slightly 
exaggerated  the  transverse  diameter  of  the  uterine  cavity.  Weight  of  specimen,  5760  gm.) 


calcification  {fibroma  petrificum) , suppuration,  and  ulceration  may  affect 
fibromata.  A fairly  large  number  of  these  tumors  develop  into  sarcomata. 

Neurofibromatosis1  or  Molluscum  Fibrosum  {Fibro cellular  Tumor, 
Dermatolysis,  Pachydermatocele) . — This  variety  of  fibroma  is  a rather  ex- 
traordinary condition,  the  chief  feature  of  which  is  an  overgrowth,  appar- 
ently not  inflammatory,  of  the  fibrous  structure  of  the  nerves,  particularly 
those  situated  in  the  skin  and  subcutaneous  tissues.  The  condition  is 

1 Funkenstein,  Mittheil.  a.  d.  Grenzg.  der  med.  u.  Chir.,  Bd.  xiv,  H.  1 and  2,  1904; 
Oddo,  Rev.  Neurol.,  April  30,  1905,  p.  41 1;  Bourcy  and  Laiguel-Lavastine, 
Rev.  de  Med.,  Nov.  10,  1907;  Kren,  Wien.  klin.  Woch.,  No.  41,  iqo6;  Harbitz, 
Norsk  Mag.  for  Lasgvidenskaben,  Christiania,  April,  1909,  also  Arch.  Intern.  Med., 
Feb.  15,  1909;  Healy,  Jour.  Amer.  Med.  Assoc.,  March  20,  1909. 
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probably  always  congenital,  often  hereditary,  and  sometimes  familial; 
sixty-five  per  cent,  of  the  patients  are  men.  In  some  cases  pigmented 
spots  appear  on  the  skin.  The  new  growth  may  affect  a small  area,  such 
as  the  scalp,  or  it  may  involve  a large  extent  of  skin  on  the  trunk  or  ex- 
tremities, or  both,  causing  it  to  hang  in  pendulous  folds.  Sometimes  the 
tumors  form  as  separate  nodules  scattered  over  the  skin;  thousands  may 
be  present.  Any  or  all  the  nerves  in  the  body,  except  the  olfactory  and 
optic,  may  be  affected;  the  acoustic  nerve  is  frequently  involved.  The 
new  growth  may  be  within  the  nerve  (endoneural  variety)  or  around  the 
nerve  (epineural  or  perineural  variety).  Microscopically,  the  tissue  is 
composed  of  fibrous  bundles  with  intervening  branched  cells,  the  processes 
of  which  clasp  the  bundles.  In  the  dense  fibrous  bands  there  are  few  cells. 
The  cells  are,  in  many  instances,  almost  embryonic  in  appearance,  and  the 
tissue  is  particularly  rich  in  nuclei.  Merken  has  recently  studied  fibroma 
molluscum,  and  concludes  that  it  depends  upon  some  congenital  factor 
closely  allied  to  that  operative  in  the  production  of  nevus.  Some  cases 
have  been  thought  to  be  sarcomatous.  The  cause  of  the  condition  is  un- 
known. 

Keloid1  ( Cheloid , Kelts). — This  is  a rare  variety  of  fibroma.  It  takes 
the  form  of  tuberous,  sausage-like,  or  discoid  growths  seated  in  the  corium 
beneath  the  papillary  layer. 

True  keloid  consists  of  a fibrous  growth  in  the  corium,  covered  with  a 
papillary  layer;  the  papillae  and  epidermis  are  intact.  It  is  most  common 
in  the  negro,  and  is  composed  of  bundles  of  coarse  fibers,  and  in  the  early 
stage  contains  numerous  spindle  cells.  Cicatricial  keloid  develops  in  the 
substance  of  a scar,  and  differs  from  the  true  keloid  in  that  it  is  not  covered 
by  the  papillary  layer.  In  other  respects  it  resembles  the  true  keloid. 

Myoma. — The  myomata  are  tumors  composed  of  muscle-tissue.  Two 
forms  of  myoma  are  recognized,  depending  upon  the  kind  of  muscle  that 
the  tumor  simulates.  A neoplasm  composed  of  nonstriated  muscle-fiber 
is  called  a leiomyoma , or  myoma  Icevicellulare ; a tumor  containing  a 
varying  amount  of  striped  muscle-fiber  has  been  described,  and  is  called 
rhabdomyoma,  or  myoma  striocellulare. 

Leiomyomata2  occur  most  frequently  in  the  uterus,  and  not  uncom- 
monly contain  more  fibrous  tissue  than  similar  tumors  occurring  elsewhere. 
Leiomyomata  occur  also  in  the  prostate,  tongue,  esophagus,  stomach,  and 
intestines.  As  a rule,  this  variety  of  tumor  arises  only  in  situations  con- 
taining unstriped  muscle-fiber.  The  tumors  vary  in  size.  Myomata  of 
the  intestinal  wall  are  usually  small;  myomata  of  the  uterus  may  attain 
the  size  of  a fetal  head,  or,  in  rare  instances,  they  may  be  larger;  a number 
of  instances  have  been  reported  in  which  the  tumor  weighed  over  one 
hundred  pounds.  Severanu  removed  a uterine  myoma  weighing  195 
pounds.3  Myomata  may  be  single  or  multiple.  Multiple  myomata — 
when  a number  of  tumors  occupy  the  same  organ — give  rise  to  a mass  the 
surface  of  which  is  tuberous,  bossed,  lobulated,  or  irregular.  Myomata 
in  the  intestinal  wall  may  project  from  the  serous  surface  as  distinct, 
pedunculated  tumors.  The  same  condition  is  possible  in  the  uterus. 
Uterine  myomata  are  said  to  be  subserous  when  situated  immediately 
beneath  the  peritoneum,  submucous  when  located  immediately  under  the 

1 Heidingsfeld,  Jour.  Amer.  Med.  Assoc.,  Oct.  16,  1909,  p.  1276. 

2 Garkisch,  Klin.  u.  anat.  Beitr.  z.  Lehre  v.  Uterusmyom,  Berlin,  1910. 

3 Williams,  Lancet,  Sept.  23,  1899. 
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mucous  membrane,  interstitial,  or  intramural,  when  more  or  less  centrally 
placed  in  the  uterine  wall.  Most  authorities  agree  that  all  uterine  myo- 
mata begin  as  interstitial,  or  intramural,  growths.  As  a result  of  the 
contractile  power  of  the  normal  uterine  muscle,  as  well  as  of  the  pressure 
brought  to  bear  upon  the  tumor  by  its  continuous  enlargement,  it  is  forced 
along  the  line  of  least  resistance,  which  must  be  toward  the  serous  or 
mucous  covering.  A submucous  myoma  may  become  a pedunculated 
polyp,  the  length  of  the  pedicle  varying  in  different  cases.  Sometimes  the 
pedicle  may  be  sufficiently  long  for  the  polyp  to  project  from  the  os  uteri, 
or  even  from  the  vulva.  Similarly  formed  subserous  polypi  occur.  As  a 
result  of  twisting  or  kinking  of  the  pedicle  the  blood-supply  to  the  polyp 
proper  may  be  arrested,  and  extensive  necrosis,  or  even  gangrene,  may 
occur.  Wherever  a myoma  occurs  it  may  be  distinctly  circumscribed, 
surrounded  by  fibrous  capsule,  or  an  ill-defined  irregular  mass  in  the  midst 
of  the  muscle-tissue. 

Microscopically,  leiomyomata  are  made  up  of  elongated  spindle-cells, 
with  rod-shaped  nuclei,  more  or  less  distinctly  grouped  into  fasciculi 
of  various  sizes;  the  connective  tissue  varies  in  quantity.  The  irregularly 
arranged  muscle  elements  pass  in  all  directions  through  the  tumor.  The 
few  blood-vessels  present  are  found  in  the  connective  tissue.  Occasionally, 
leiomyomata  are  telangiectatic  or  angiomatous.1  Such  richness  in  blood- 
vessels, however,  is  uncommon.  More  frequently  a tumor  contains  com- 
paratively large,  irregular  sinuses,  which,  in  the  larger  tumors,  may  attain 
a transverse  diameter  of  from  i to  1.5  cm.,  and  possess  a tortuous  length 
of  from  5 to  10  cm.  Such  irregularly  formed  cavities  may  contain 
thrombi.  (See  p.  263.) 

The  most  frequent  secondary  changes2  affecting  these  tumors  are 
calcareous  infiltration  (so-called  “womb-stone”)  and  fatty  and  myxo- 
matous degenerations.  Inflammation  (due  to  injury),  abscess  formation, 
ulceration,  and  other  necrotic  processes  occur.  Clinically,  the  leiomyomata 
are  benign  tumors,  but  sarcomatous  transformation  is  occasionally  seen. 
There  are  on  record  a few  cases  of  generalization  of  leiomyomata.3  Myo- 
mata of  the  uterus  frequently  contain  gland  structure — adenomyomata. 
In  between  1300  and  1400  myomata  Cullen4  found  73  (five  per  cent.)  of  this 
type.  In  753  cases  of  uterine  myoma  Winter5  found  that  five  per  cent, 
showed  sarcomatous  transformation,  and  that  in  3.2  per  cent,  carcinoma 
was  present. 

Rhabdomyoma6  is  exceedingly  rare,  and  is  usually  congenital.  It  is 
not  improbable  that  tumors  of  this  class  are  encountered  only  as  a result 
of  the  higher  evolution  of  sarcomatous  tissue  (myosarcoma) , in  which  the 
imperfectly  developed  muscle  remains,  for  the  most  part,  in  an  embryonic 
stage.  The  muscle-fibers  present  in  rhabdomyoma  are  irregularly  formed, 
and  are  often  more  or  less  spindle-shaped  or  club-shaped.  As  already 
stated,  the  tumor  is  in  most  instances  congenital,  and  is  usually  found  in 
the  kidney,  heart,  or  uterus. 

Angiomata  are  tumors  formed  of,  or  following  the  type  of,  vessels — 
either  blood-vessels  or  lymph-vessels.  The  term  angioma  is  commonly 

1 Bell  and  Clarke,  Jour.  Obstet.  and  Gynecol,  of  British  Empire,  May,  1906. 

2 McDonald,  Jour.  Amer.  Med.  Assoc.,  May  21,  1904,  p.  1344. 

3 Devic  and  Galavardin,  Rev.  de  Chir.,  Jan.,  1904,  p.  1. 

4 Jour.  Amer.  Med.  Assoc.,  Jan.  11,  1908,  p.  107. 

5 Monats.  f.  Geburts.  u.  Gynak.,  April,  1906. 

0 Spuler,  Centralbl.  f.  allg.  Path.,  1905,  Bd.  xvi,  p.  337. 
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applied  to  tumors  composed  of  blood-vessels,  and  has  that  significance 
when  used  alone.  For  the  purpose  of  description  it  is  purposed  to  divide 
the  angiomata  into  hemangioma  and  lymphangioma. 

Hemangiomata  are  tumors  consisting  of  blood-vessels  bound  together 
by  a small  amount  of  connective  tissue.  Some  of  these  may  be  composed 
of  newly  formed  blood-vessels,  while  others  con- 
sist of  more  or  less  altered  pre-existing  vessels. 

The  pure  hemangiomata  are  composed  of  tissue 
entirely  of  new  formation,  but,  by  many,  the  tu- 
mors formed  by  alteration  in  pre-existing  vessels 
are  included  under  this  name. 

Simple  Hemangioma  ( Simple  Nevus,  Telan- 
giectoma,  Birth-mark,  Mother's  Mark,  Angioma 
T elangiectoides) . — This  is  the  most  common 
variety,  and  affects  the  skin  and  subcutaneous 
tissues.  Simple  hemangiomata  are  flat,  slightly 
elevated,  sessile  tumors  of  a violet  or  dark-red 
color,  rarely  bright  red  or  pink;  they  are  most 
frequently  located  upon  the  face,  around  the 
orbit,  or  on  the  neck,  are  usually  congenital, 
and  after  birth  may  increase  in  size.  On  sec- 
tion, the  vessels  are  found  to  be  thinwalled  (dilated,  fusiform,  cylindric, 
sacculated,  or  spheric),  and  embedded  in  a fibrous  or  cellulo-adipose 
matrix.  There  are  usually  two  or  more  large  vessels  that  establish  a 
communication  between  the  nevus  and  an  adjacent  artery  or  vein. 

This  form  of  angioma  is  most  frequent  on  the  skin  of  the  face,  scalp, 
neck,  and  back;  they  are  sometimes  seen  in  the  labia,  lips,  tongue,  and 
conjunctiva;  rarely  on  the  limbs.  The  varieties  of  simple  hemangioma 
are:  Nevus  flammeus  (strawberry  mark)  is  of  a bright-red  color.  Nevus 

vinosus  is  of  a dark-red  or  port-wine  color,  and  is  known  as  a port-wine 
mark. 

Cavernous  Hemangioma. — This  variety  differs  from  simple  hem- 
angioma in  that  the  blood  spaces  are  cavernous  and  not  tubular.  The 
tumor  is  composed  of  a series  of  irregular  cavities  formed  by  thin,  fibrous 
septa.  On  section,  these  cavities  appear  as  irregular  sinuses  separated  by 
a nucleated  fibrous  network  of  spindle-cell  tissue.  Many  of  the  walls  are 
incomplete,  which  fact  shows  the  communication  between  the  spaces. 
The  growth  may  be  diffuse  or  circumscribed,  single  or  multiple.  The 
cavity  walls  are  lined  by  endothelium.  Cavernous  hemangiomata  are 
sometimes  called  erectile  tumors,  owing  to  their  resemblance  to  erectile 
tissues,  such  as  the  corpus  cavernosum  of  the  penis.  They  are  rarely 
congenital,  and  may  develop  from  pre-existing  simple  hemangioma. 
Usually  they  occur  early  in  life,  and  are  rare  in  old  age.  When  this  form 
of  tumor  develops  in  the  skin  and  forms  a livid,  raised,  and  uneven 
patch,  it  is  referred  to  as  a nevus  prominens. 

Angiomata  are  common  in  the  skin  and  subcutaneous  tissue,  and 
occasionally  are  observed  in  the  liver.  They  may  occur  in  the  kidney, 
spleen,  uterus,  intestine,  bladder,  voluntary  muscle,  bone,  mamma,  tongue, 
larynx,  subperitoneal  tissue — in  fact,  in  almost  any  vascular  tissue. 

Hereditary  hemorrhagic  telangiectasia  is  manifested  by  red  spots 
consisting  of  aggregations  of  greatly  dilated  capillaries  and  covered  by 
attenuated  epidermis.  Although  occasionally  attributed  to  trauma  and 
the  use  of  alcohol  the  dominant  factor  in  that  affection  is  heredity.  In 


Fig.  167. — Leiomyoma. 

(Gould.) 

The  rod-shaped  nuclei  are 
shown  in  longtitudinal  sec- 
tion of  the  pseudo-bundles 
at  the  margin,  and  in  trans- 
verse section  in  the  center, 
of  the  illustration. 
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some  forms  of  the  affection  the  pinkish,  reddish,  or  more  deeply  tinged 
masses  resemble  spiders;  in  other  instances  the  lesion  is  nodular.  The 
tendency  to  hemorrhage  may  be  frequent  and  serious,  giving  rise  to 
chronic  anemia.  Such  lesions  in  the  nasal  mucosa  are  frequently  the  cause 
of  recurring  epistaxis.  There  is  some  doubt  as  to  the  propriety  of  con- 
sidering this  condition  among  the  tumors.1 

Plexiform  Hemangioma  ( Racemose  Aneurysm , Aneurysm  by  Anas- 
tomosis, Cirsoid  Aneurysm). — Properly,  this  is  not  a neoplasm,  but  a 
pathologic  alteration  of  the  affected  vessels.  The  vessels  become  dilated 
and  convoluted,  and,  by  pressure  on  the  intervening  tissue,  cause  atrophy. 
The  vessel-wa.lls  are  usually  thickened.  The  tumor  may  be  congenital  or 
acquired.  When  occurring  in  the  most  superficial  vessels,  it  is,  by  some, 
called  a nevus  vasculosus.  Plexiform  angioma  sometimes  follows  injury. 
It  usually  involves  the  scalp  (frontal  and  temporal  region),  extremities, 
labia  pudendi,  or  spermatic  cord. 


Fig.  i 68. — -Cavernous  Hemangioma  from  the  Wall  of  Branchial  Cyst. 

A.  Corneus  stratum.  B.  Malpighian  stratum.  C,  C,  C.  Caverns,  the  contained  blood-cells  of  which 
have  not  been  represented  in  the  drawing;  fourteen  of  these  spaces  are  present.  D,  D.  Caverns  con- 
taining blood-cells.  E.  Area  in  which  hemorrhage  has  occurred  in  hyaline  matrix. 

Lymphangioma2  is  a tumor  made  up  of  dilated  lymph-vessels.  Rarely, 
the  affected  vessels  may  form  distinct  caverns  or  sacs — the  cavernous  lymph- 
angioma. The  lymphangioma  cyslicum  is  a form  of  the  cavernous  type  of  the 
affection,  characterized  by  the  presence  of  large  cysts,  or  a single  cyst, 
usually  situated  in  the  neck  or  axilla,  but  sometimes  found  in  the  medi- 
astinum or  even  the  large  viscera.2  More  commonly,  the  masses  are  of 
dilated  vessels,  and  hence  are  analogous  to  the  telangiectatic  hemangioma 
already  described.  The  altered  structures  are  the  lymph-  and  not  blood- 
vessels. 

Lymphangioma  occurs  most  frequently  in  the  tongue  or  lip,  constitut- 
ing macroglossia  and  macrocheilia  respectively.  In  both  these  localities 

1 Hanes,  Johns  Hopkins  Hosp.  Bull.,  March,  1909;  Osier,  Quarterly  Jour,  of  Med. 
Oct.,  x 907. 

2 See  Cystoma. 
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the  morbid  process  is  commonly  associated  with  what  appears  to  be  a 
proliferative  change  in  the  unstriped  muscle  present.  A special  form  of 
lymphangioma  occurs  in  the  lymphatics  carrying  chyle  (chylous  vessels, 
lacteals),  and  is  called  a chylangioma;  when  circumscribed  and  comprising 
a single  cavity,  the  term  chylous  cyst  is  applied.  In  lacteal  or  chylous 
varix  the  affected  vessels  are  tortuous,  cylindric,  or  moniliform.1  Lymph- 
angioma is  usually  congenital,  but  may  not  be  evident  or  begin  to  grow 
until  some  time  after  birth. 

Lymphoma,  or  tumor  of  the  lymph-node,  covers  a multitude  of  con- 
ditions, many  of  which  are  in  no  sense  tumors.  Thus,  the  glandular  en- 
largements of  tubercle,  syphilis,  etc.,  are  known  as  tuberculous  or  syphilitic 
lymphomata.  To  a related  group  belong  the  inflammatory  lymphomata 
that  accompany  many  infections:  e.  g.,  chancroidal  lymphoma,  suppura- 
tive lymphomata  of  various  kinds,  and  the  enlargements  affecting  the 
cervical  nodes  in  various  throat  affections,  such  as  diphtheria  and  scarlet 
fever;  none  of  these  are  tumors. 

Lymphosarcoma  is  a sarcoma  of  the  lymph-nodes,  and  differs  but  little 
from  other  forms  of  sarcoma  except  in  such  histologic  pecularity  as  must 
arise  from  the  site.  The  lymphatic  enlargement  that  accompanies  leuke- 
mia is  probably  an  infectious  process,  with  hypertrophy  and  hyperplasia 
of  the  cells  and  stroma  of  the  lymph-nodes,  or  is  a form  of  sarcoma  attack- 
ing these  structures;  the  latter  view  may  be  considered  most  popular  at 
present.  Such  a condition  is  noted  in  Hodgkin’s  disease,  when  the 
hyperplastic  nodes  are  known  as  lymphadenomata.  (See  Diseases  of  the 
Lymph-nodes,  Part  II.) 

Myxoma. — This  form  of  tumor  is  composed  of  mucous  tissue,  which  is 
not,  strictly  speaking,  a typical  structure;  it  is,  at  least,  the  lowest  grade 
of  adult  connective  tissue.  The  tissue  may  be  identical  with  that  sur- 
rounding the  vessels  of  the  umbilical  cord  (Whar- 
ton’s jelly),  and  resembles  the  vitreous  humor. 

The  tumor  always  contains  a certain  amount  of 
fibrous  stroma,  and  may  resemble  an  edematous 
fibroma.  In  fetal  life  myxomatous  tumors  are 
encountered  in  those  subcutaneous  tissues  from 
which  fatty  tissue  is  later  developed.  Macroscop- 
ically,  the  tissue  appears  as  a homogeneous,  struc- 
tureless, gelatinous  mass.  The  majority  of  the 
cells  present  are  angular  and  stellate,  with  long 
anastomosing  prolongations;  others  are  indistinct 
(owing  to  the  refractory  nature  of  the  intercellular 
substance),  oval,  spheric,  or  fusiform  in  shape, 
readily  located,  but  are  few  in  number.  Frequently,  between  the  cells 
fine  elastic  fibers  can  be  demonstrated. 

Clinically,  myxoma  is  a peculiar,  soft,  gelatinous  tumor,  grayish  or 
reddish-white  in  color,  and  on  section  yields  a gelatinoid,  whitish,  al- 
buminous, or  mucilaginous  material.  Myxomata  usually  occur  after 
middle  life,  are  of  moderately  slow  growth,  may  be  single  or  multiple 
(commonly  multiple),  vary  in  size  (rarely  large),  and  not  uncommonly 
recur  after  removal.  This  return  may  be  due  to  imperfect  removal,  after 
which  the  remaining  myxomatous  elements  grow  with  increased  activity. 
Myxomata,  when  arising  in  the  submucous  or  subcutaneous  tissues,  may 
be  pedunculated  or  sessile;  rarely,  the  mass  is  lobulated.  Primarily, 

1 See  Elephantoid  Diseases,  p.  198. 
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they  are  benign  tumors;  occasionally  such  a tumor  may  become  sarcoma- 
tous and  the  presence  of  myxomatous  masses  in  sarcoma  (myxosarcoma) 
is  frequently  observed.  Hemorrhage  (capillary),  if  extensive,  may  con- 
vert a large  part  of  a myxoma  into  a blood  cyst;  fatty  degeneration  is 
sometimes  present;  they  may  become  inflamed,  ulcerated,  or  necrotic. 

Myxomata  are  restricted  to  the  connective  tissues,  from  any  of  which 
they  may  arise.  They  are  most  common  in  the  subcutaneous  and  sub- 
serous  fat,  but  also  occur  in  the  submucous  (nares,  uterus)  and  inter- 
muscular tissues.  In  periosteum  and  medulla  of  bone,  connective  tissue 
of  organs,  and  perineurium  they  are  rare.  Myxomata  occasionally  spring 
from  the  placenta. 

Atypical  Connective-tissue  Neoplasms. 

Sarcoma.1 

The  sarcomata  are  tumors  composed  of  atypical  connective  tissue 
in  which  the  cellular  constituents  usually  predominate  over  the  inter- 
cellular substance.  The  atypical  cells  tend  to  infiltrate  the  surrounding 
tissues,  as  a result  of  which  sarcomata  are  rarely,  if  ever,  encapsulated. 
If  a capsule  surrounds  the  growth,  it  may  have  resulted  from  condensation 
of  adjacent  tissues,  or  it  may  be  a part  of  the  tumor;  in  either  case  it  is 
sure  to  be  infiltrated  by  the  neoplasm.  As  a rule,  sarcomata  contain  very 
little  fully  formed  fibrous  tissue;  the  cells  are  uninucleated  or  multinu- 
cleated,  and  rarely  possess  a limiting  membrane;  the  shape,  size,  and 
arrangement  of  the  cells  determine  the  variety  of  the  tumor.  The  in- 
tercellular substance,  which  is  usually  small  in  amount,  is  closely  connected 
with  the  cells,  as  in  all  connective  tissues.  The  consistence  of  the  tumor 
depends  upon  the  character  of  the  cell  and  intercellular  substance,  and 
upon  the  presence  or  absence  of  a fibrous  stroma.  The  blood-vessels  are 
very  numerous,  and  are  usually  in  direct  contact  with  the  cells,  or  they 
may  be  separated  from  them  by  a layer  of  thin  fibrillated  tissue;  some- 
times they  are  normally  formed.  The  vessels  frequently  lack  distinct 
walls,  and  are  marginated  by  the  densely  packed  cells  of  the  neoplasm. 
These  cells  may  become  detached,  and  may  be  carried  along  in  the  current; 
hence,  sarcoma  usually  spreads  by  the  blood-vessels.  Owing  to  the  thinness 
of  the  walls  of  the  blood-vessels,  hemorrhage  into  the  parenchyma  of 
the  tumor  is  often  observed;  the  extra vasated  blood  undergoes  hemolysis, 
yields  its  contained  coloring-matter,  and  pigments  the  matrix  of  the  neo- 
plasm. The  quantity  of  blood  may  be  large  and  form  a cyst.  As  will 
be  seen  later,  true  melanosis  arises  from  other  causes.  As  a rule,  the  pe- 
riphery of  the  tumor  is  not  clearly  defined,  there  being  no  line  of  demarca- 
tion between  the  sarcoma  and  adjacent  structures.  When  the  tumor  is  of 
slow  growth,  an  apparent  capsule  (pseudocapsule)  may  be  formed  by 
condensation  of  the  contiguous  connective  tissues. 

Clinical  Characters. — As  a rule,  sarcomata  develop  most  frequently 
in  early  and  middle  life,  but  may  occur  at  any  age,  and  are  among  the 
most  malignant  of  tumors.  They  are  characterized  by  their  tendency  to 
extend  locally,  to  infiltrate  surrounding  structures,  to  recur  after  removal, 
and  to  give  rise  to  metastasis.  They  may  be  localized,  and  at  first  sharply 
circumscribed ; but  are  liable  to  disseminate  rapidly  by  local  infiltration  and 

1 Borst,  Die  Lehre  v.  d.  Geschwulst.  m.  e.  mikroscop.  Atlas,  Wiesbaden,  1902; 
A.  and  H.  Malherbe,  Recherches  sur  le  Sarcome,  Paris,  1904. 
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metastasis.  Secondary  growths  resulting  from  hematogenous  dissemina- 
tion occur  most  frequently  in  the  lung.  Sarcomata  may  disseminate  much 
more  rapidly  than  carcinomata.  The  round-cell  and  large  spindle-cell 
varieties  are  of  rapid  growth  and  are  very  malignant.  The  small  spindle- 
cell variety  is  much  firmer,  of  slower  growth,  and  less  malignant.  When 
subperiosteal,  they  are  more  malignant  than  when  located  in  the  center  of 
the  bone;  indeed  sarcoma  of  bone  is  the  least  malignant  of  the  sarcomata. 

Sarcomata  are  prone  to  irregularity  in  growth,  and  often  remain 
quiescent  during  long  periods.  This  phenomenon  is  more  commonly  seen 
in  primary  tumors  than  in  metastases  or  recurrent  growths.  Usually 
these  periods  of  latent  malignancy  are  brief,  but  occasionally  during 
months  or  even  years  a tumor  may  cease  to  grow;  rarely  some  reduction 
in  size  takes  place.  Rolleston  reports  a case  under  the  care  of  Whiting1 — ■ 


Fig.  170. — Lung,  Part  of  Serous  Surface;  Secondary  Sarcoma. 

The  larger  distinctly  elevated  masses  are  the  oldest;  similar  smaller  nodules  are  more  recent;  while  the 
youngest  growths  are  shown  as  minute  (miliary)  grayish-white  or  white  subserous  dotlets.  The 
specimen  is  a part  only  of  the  lower  lobe;  reproduction  natural  size.  The  incised  surface  of  the  same 
specimen  is  shown  in  Fig.  171. 


an  osteosarcoma  of  the  humerus — of  fifty  years’  duration.  It  is  possible 
that  some  of  these  neoplasms  were  nonmalignant  tumors  that  eventually 
became  sarcomatous.  The  size  of  the  neoplasm  bears  absolutely  no  re- 
lation to  its  malignancy.  I have  seen  a sarcoma  so  small  that  it  was  un- 
observed until  it  suddenly  increased  in  size  and  gave  rise  to  a rapidly  fatal 
metastasis  in  the  course  of  a few  weeks.  Wide-spread  dissemination  of 
these  tumors  (sarcomatosis)  is  due  to  the  entrance  of  tumor  cells  into  the 
circulation.  Loeper  and  Louste2  have  shown  that  the  sarcoma  cells  may 
occasionally  be  identified  in  the  blood.  For  such  demonstration  15  or 
20  drops  of  blood  should  be  allowed  to  flow  directly  into  15  c.c.  of  a 1 
per  cent,  aqueous  solution  of  acetic  acid;  the  acid  destroys  the  erythrocytes 
and,  by  centrifugalization,  the  leukocytes  and  tumor  cells  may  be  deposited. 
A drop  of  the  sediment  is  spread  on  cover-glasses  or  a slide,  fixed  and 

1 Brit.  Med.  Jour.,  Jan.  7,  1905,  p.  19. 

2 C.  R.  Soc.  de  Biol.,  1904,  lvi,  p.  153. 
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stained  in  the  same  manner  as  blood.1  When  the  cells  of  the  neoplasm 
are  small  and  round,  it  may  be  difficult  to  differentiate  them  from  mono- 
nuclear leukocytes.  The  attempt,  however,  is  sometimes  successful  and 
may  constitute  an  important  diagnostic  and  prognostic  sign. 

The  following  are  the  chief  signs  of  malignancy  in  any  tumor,  be  it 
sarcoma  or  carcinoma.  They  are  inserted  here  by  reason  of  their  special 
applicability  to  the  sarcomata. 

Size  of  the  Cell.—  As  a rule,  it  may  be  said  that  the  smaller  the  cells  of  a 
tumor,  the  greater  the  malignancy.  Thus,  the  small  round-cell  sarcoma 
is  a more  malignant  tumor  than  that  composed  of  giant-cells,  and  the  small 
epithelial  cells  of  a scirrhous  cancer  of  the  mamma  give  rise  to  a more 


Fig.  17 i.- — Tung,  Incised  Surface  of  Part  of  One  Lobe,  Secondary  Sarcoma. 
The  serous  surface  is  shown  in  Fig.  170.  (Natural  size.) 


malignant  growth  than  the  large,  flat  epithelial  cells  of  the  skin,  as  seen  in 
the  squamous  epithelioma. 

The  Number  of  the  Cells. — If  a tumor  be  purely  cellular,  the  probability 
of  recurrence  is  great. 

Activity  of  the  Cells. — One  of  the  chief  diagnostic  features  of  a malignant 
tumor  is  the  tendency  of  nuclei  and  cells  to  divide;  if  on  section  a large 
number  of  cells  show  some  stage  of  mitosis  the  prognosis  is  unfavorable; 
such  tumors  practically  always  manifest  rapid  local  extension  and 
prompt  recurrence. 

Shape  of  the  Cell. — A small,  round  cell,  like  a lymph  corpuscle,  is 
more  readily  transported  by  a blood-vessel  or  lymphatic  than  one  that  is 
long  and  tapering;  hence  the  former  manifests  a greater  tendency  than  the 
latter  to  reproduce  the  tumor  in  neighboring  parts.  The  round-cell 

1 See  technic  of  Blood  Examination,  Part  II,  Chapter  I. 
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sarcoma  forms  secondary  tumors  in  neighboring  organs,  infiltrates  blood- 
vessels, and  evinces  metastasis  with  greater  readiness  than  one  of  the 
spindle-cell  type.  The  foregoing  applies  not  only  to  local  infiltration,  but 
also  to  distal  (hematogenous)  metastases.  The  large,  irregular  cells  of 
squamous  epithelioma  are  much  less  likely  to  reach  distant  parts  through 
the  blood-vessels  or  lymph-vessels  than  the  small,  round,  plastic  cells  of 
a sarcoma. 

The  Manner  in  Which  the  Cells  are  Held  Together. — So  far  as  concerns 
the  sarcomata,  at  least,  the  more  loosely  the  cells  are  held  together,  the 
greater  is  the  tendency  of  the  tumor  to  recur.  This  is  equivalent  to  saying 
that  the  more  fluid  the  intercellular  sub- 
stance the  more  malignant  the  tumor. 

Fluidity  of  the  intercellular  substance  im- 
plies that  the  neoplastic  cells  are  loosely 
bound  together;  this  lack  of  cohesion  be- 
tween the  elements  of  the  tumor  permits 
ready  dislodgement  of  one  or  more  cells  or 
masses  of  cells,  and  hence  favors  displace- 
ment of  the  tumor  elements  into  the  lym- 
phatics and  blood-vessels.  The  fluidity  of 
the  intercellular  substance  may  be  partly 
judged  by  the  consistency  of  the  tumor;  a 
soft,  almost  fluctuating  tumor,  possesses 
but  little  firmness  in  the  intercellular  mate- 
rial. Such  soft,  pseudofluctuating  masses 
are  not  infrequent  among  the  sarcomata. 

The  author  has  known  of  one  or  more  in- 
stances in  which  the  surgeon  has  cut  into 
a sarcoma  under  the  impression  that  he 
was  dealing  with  a cyst  or  a cold  abscess. 

Indeed,  the  cellular  elements  of  some  of  the 
small,  round-cell  sarcomata  are  so  loosely 
attached  that  a needle — for  example,  an 
exploring  needle — passed  into  the  tumor 

may  not  infrequently  be  moved  about  from  place  to  place,  the  operator 
not  being  able  to  detect  the  presence  of  any  solid  constituent  within  the 
mass. 

Absence  of  Any  Tendency  to  Complete  Their  Development. — Of  all  signs 
of  malignancy,  this,  in  the  case  of  sarcoma,  is  perhaps  the  most  unequivocal. 
The  cells  do  not  complete  the  formation  of  connective  tissue  that  normally 
they  were  destined  to  generate.  Instead  of  their  energy  being  occupied 
in  the  metabolism  necessary  to  secrete  the  matrix  peculiar  to  each,  it  is 
wholly  expended  in  the  process  of  reproduction.  At  certain  stages  in  the 
process  of  repair  the  proliferated  cellular  elements  may  constitute  a mass 
of  indifferent  tissue  which,  if  we  consider  only  the  character  of  the  cells, 
cannot  be  differentiated  from  sarcomata  possessing  similar  cellular  ele- 
ments. In  the  tissue  elaborated  during  reparative  processes  we  nearly 
always  see  the  cellular  elements,  in  one  or  more  parts,  progressing  to  their 
proper  histologic  end — cicatricial  tissue,  osseous  tissue.  In  some  sarco- 
mata an  effort  in  this  direction  may  be  apparent.  It  is,  however,  never 
fully  successful;  if  it  were  the  tumor  would  not  be  a sarcoma. 

Tendency  of  the  Cells  to  Spread  into  Neighboring  Inter  fibrillar  Spaces. — 
In  examining  a tumor,  the  surrounding  tissues  should  be  carefully 


Fig.  17  2. — R o u n d-c  ell  Sarcoma. 

( Rindfleisch .)  X 300  diameters. 
a,  a.  Blood-vessels  without  distinctly 
formed  walls,  b,  b.  Points  where  the 
round  cells  have  partly  fallen  out, 
showing  the  slight  basis  of  reticular 
tissue. 
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investigated,  with  a view  to  determining  whether  the  cells  of  the  tumor 
have  invaded  adjacent  structures.  If  so,  such  a tumor  is  dangerous,  and 
should  be  excised'with  a wide  margin.  A single  cell  left  in  the  surrounding 
tissue  may  reproduce  the  tumor.  Cancer  of  the  mamma  shows  a greater 
tendency  to  penetrate  the  surrounding  stroma  of  the  gland  than  perhaps 
any  other  tumor.  It  is  also  one  of  the  most  malignant  neoplasms. 

Varieties  of  Sarcoma. — The  subdivision  of  sarcoma  into  small  groups 
is  usually  based  on  the  size  and  shape  of  the  cells  or  the  presence  of  more 
fully  formed  connective  tissue  so  arranged  as  to  give  rise  to  alveoli.  The 
foregoing  bases  for  subdivision  render  it  possible  to  recognize  round-cell 
sarcoma,  the  cells  of  which  may  be  small  or  large;  spindle-cell  sarcoma, 
which  also  may  be  of  the  small-cell  or  large-cell  variety;  giant-cell  sarcoma; 
mixed-cell  sarcoma;  alveolar  sarcoma.  To  these  must  be  added  certain 
neoplasms  in  which  special  characters  demand  some  additional  appellation. 
When  the  tumor  cells  elaborate  pigment,  the  neoplasm  is  called  a mela- 
notic sarcoma.  The  term  osteosarcoma  has  been  applied  to  tumors  occur- 
ring in  bone,  and  to  those  in  which  osseous  or  osteoid  tissue  is  produced; 
most  sarcomata  of  bone  contain  bone-like  structures,  and  thus  may 
properly  be  called  osteosarcomata;  the  term,  however,  should  be  applied 


Fig.  173. — Round-cell  Sarcoma. 
{Gould.) 


Fig.  174.- — Round-cell  Sarcoma 
of  a lymphnode.  (Gould.) 

The  cells  have  dropped  out  at 
places,  showing  the  remainder 
of  the  intercellular  trabeculae. 


Fig.  175. — Spindle-cell  Sarcoma 
(Gould.) 


for  the  purpose  of  indicating  the  presence  of  such  tissue  in  the  neoplasm 
and  without  special  regard  to  the  particular  structure  from  which  the 
tumor  arose.  In  many  of  the  sarcomata  the  cells  are  pleomorphous,  and 
it  is  often  difficult  to  state  definitely  where  a given  tumor  should  be 
grouped;  it  is  customary  to  classify  a neoplasm  according  to  the  dominant 
cell  present.  Most  sarcomata  contain  more  than  one  type  of  cell,  and  hence 
might,  with  propriety,  be  designated  mixed-cell  sarcoma.  In  the  giant-cell 
sarcoma  most  of  the  cells  are  not  of  unusual  size;  but  the  presence  of 
characteristic,  large,  polynuclear  elements  usually  justifies  the  name  given. 

Round-cell  Sarcoma  ( Enceplialoid  or  Medullary  Sarcoma ) is  a rather 
infrequent  form  of  sarcoma,  and  consists  of  round  cells  with  very  little 
intercellular  substance.  The  cells  contain  large,  easily  stained  nuclei. 
Blood-vessels  are  usually  abundant,  and  often  appear  as  channels  or 
sinuses  passing  directly  between  the  cells;  usually  lymphatics  cannot  be 
demonstrated.  The  cells  rapidly  infiltrate  the  surrounding  tissues;  the 
tumor  tends  to  recur  after  removal,  and  gives  rise  to  secondary  deposits. 
The  variety  known  as  large  round-cell  sarcoma  differs  from  the  small  round- 
cell variety  in  that  the  cells  are  larger  and  more  irregular  in  size;  they  are 
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usually  mononuclear,  although  a few  polynuclear  elements  may  occasion- 
ally be  found;  such  cells  rarely  contain  more  than  two  nuclei  and  often  it  is 
possible  to  recognize  that  these  have  resulted  from  imperfect  division. 
The  round-cell  sarcoma  may  occur  in  any  tissue  and  at  any  age,  even  in  the 
fetus  in  utero.  It  is  a soft,  often  fluctuating,  rapidly  growing  tumor, 
which,  when  on  the  surface,  ulcerates  early,  and  usually  proves  fatal  in  a 
few  months. 

Spindle-cell  Sarcoma  ( Recurrent  Fibroid  (Paget);  Fibroplastic  Tumor 
(Lebert) ; Fibrosarcoma;  Oat-cell  Sarcoma;  F asciculated  Sarcoma). — Tumors 
containing  spindle  cells  are  the  most  common  of  the  sarcomata.  They  are 
firm  in  texture,  and  on  section  are  translucent,  and  grayish  or  yellowish- 
white  in  color.  As  a rule,  the  spindle-cell  sarcomata  grow  much  less 
rapidly  than  the  round-cell  variety.  They  are  divided  into  small-cell  and 
large-cell  varieties. 


Fig.  176. — Sarcoma  of  the  Mammary  Gland;  Tumor  of  Several  Years’  Duration;  Patient  Thirty- 

five  Years  of  Age. 

A.  Nipple  that  appears  slightly  retracted;  this  appearance  is  not  due  to  a pulling-in  of  the  nipple,  as  in 
carcinoma,  but  results  from  the  forward  projection  of  the  skin  caused  by  the  enlarging  neoplasm.  B. 
One  of  the  many  secondary  elevations  over  which  the  skin  is  thin  and  shining.  These  nodules  result 
from  the  polycentric  local  dissemination. 


Small  Spindle -cell  Sarcoma. — This  variety  resembles  somewhat  the 
fibromata;  the  cells  are  fusiform  in  shape,  with  oval  nuclei;  the  inter- 
cellular substance,  of  which  there  is  very  little,  may  be  fibrillated.  The 
cells  and  intercellular  substance  are  rarely  arranged  in  bundles,  but  usually 
pass  in  every  direction.  Except  that  it  is  firmer,  grows  with  less  speed, 
and  does  not  so  quickly  ulcerate  or  prove  fatal,  the  tumor  clinically  re- 
sembles the  round-cell  sarcoma.  Round-cell  sarcomata  are  usually  round 
or  oval;  the  spindle-cell  forms  of  the  tumor  are  frequently  bossed  or  tuber- 
ous; this  latter  character  is  due  to  multicentric  nodules  that  have  devel- 
oped around,  or  contiguous  to,  the  primary  mass. 
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Fig.  177. — Sarcoma,  Mixed-cell,  with  Calcification  op  Part  of  the  Intercellular  Matrix;  Osteo- 

■ SARCOMA. 

A.  Calcined  area  in  osteoid  matrix.  B.  Osteoid  tissue  which,  in  some  areas,  gives  rise  to  an  alveolar 

arrangement.  C.  Osteoblastic  cell. 


0 


Fig.  178. — Giant-cell  Sarcoma.  ( Specimen  lent  the  author  by  Dr.  Rosenberger.) 
a,  b,  c,”d,  e.  Giant-cells.  The  large  giant-cell  a shows  vacuolation  and  dissemination  of  the  nuclei,  with 
pseudopod-like  extension  suggestive  of  ameboid  movement.  This  condition  is  not  commonly  observed. 
The  cell  contains  over  one  hundred  nuclei.  The  giant-cell  c is  more  nearly  typical.  The  admixture 
of  other  cellular  elements — the  usual  condition  noted — is  well  shown.  (£-inch  objective,  i-inch 
ocular.) 
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Large  Spindle -cell  Sarcoma. — This  differs  from  the  small  spindle-cell 
variety  in  that  the  cells  are  larger,  with  prominent  nuclei  and  nucleoli, 
which  are  frequently  multiple;  there  is  very  little  intercellular  substance, 
with  slight  or,  it  may  be,  no  fibrillation.  The  tumor  is  likely  to  be  very 
soft,  and  is  sometimes  stained  by  extra vasated  blood;  the  growth  is  rapid 
and  the  neoplasm  very  malignant.  These  tumors  frequently  become 
osseous  (osteosarcoma  or  osteoid  sarcoma) , especially  when  occurring  in  the 
periosteum  or  bone. 

Spindle-cell  sarcomata  are  most  common  in  the  periosteum,  fasciae, 
eye,  antrum,  breast,  and  testicle,  but  may  occur  in  any  connective  tissue. 
These  tumors  tend  rapidly  to  infiltrate  the  surrounding  tissue  and  to 
recur  locally  after  removal. 

Giant-cell  Sarcoma  ( Myeloid  Sarcoma). — This  variety  resembles  the 
spindle-cell  growths,  and  usually  occurs  in  connection  with  bone.  Such 
tumors  contain  many  large  polynucleated  cells  (see  Fig.  178),  and  fusiform 
cells  like  those  of  the  spindle-cell  varieties;  indeed,  gaint-cell  sarcomata 
are  practically  all  mixed-cell  tumors  in  which  the  giant-cells  constitute 
more  or  less  conspicuous  elements.  In  addition  to  the  polymorphism  of 
the  cells,  such  tumors  not  uncommonly  manifest  a tendency  toward  an 
alveolar  arrangement.  In  properly  stained  specimens  the  giant-cells  are 
sometimes  sufficiently  large  to  be  easily  recognized  by  the  unaided  eye. 
In  very  rare  instances  the  giant-cell  sarcomata  contain  a small  quantity  of 
pigment.  The  large  giant-cells  are  arranged  in  almost  direct  contact 
with  the  other  cellular  elements,  there  being  very  little  intercellular  sub- 
stance. As  a rule,  the  blood-vessels  are  not  plentiful,  but  the  tumors  may 
be  exceedingly  vascular  and  sometimes  pulsate;  they  frequently  become 
cystic.  They  are  usually  firm.  Giant-cell  sarcomata  are  rare  after 
middle  life,  and  are  the  least  malignant  form  of 
sarcoma;  they  usually  spring  from  the  periosteum 
or  endosteum.  When  arising  in  the  upper  or  lower 
alveolar  process,  they  constitute  one  variety  of 
epulis. 

Mixed -cell  Sarcoma. — This  variety  contains 
round  cells  (large  and  small)  and  spindle  cells 
(large  and  small),  and  otherwise  resembles  the 
round-cell  and  spindle-cell  varieties.  A sarcoma 
in  which  all  the  cells  have  practically  the  same  size 
and  shape  is  rarely  seen;  even  when  the  cells  of 
one  area  in  the  tumor  are  approximately  alike, 
examination  of  other  areas  usually  discloses  cel- 
lular elements  that  are  quite  dissimilar.  To  this 
extent  it  may  be  said  that  nearly  all  sarcomata  are 

mixed-cell  tumors.  As  malignancy,  consistency,  and,  to  a certain  extent, 
other  characteristics  of  a sarcoma  depend  upon  the  size  and  shape  of  the 
cells,  it  at  once  becomes  apparent  that  a tumor  largely  composed  of  certain 
type  of  cell  is  most  likely  to  possess  the  attributes  with  which  that  particular 
cell  is  commonly  endowed.  For  this  reason  it  is  customary  to  speak  of  a 
sarcoma  as  spindle-cell  sarcoma,  even  though  it  contains  a minimum  of 
cells  possessing  other  shapes.  The  exception  to  this  rule  is  in  giant-cell 
sarcoma,  where  the  giant-cells  are  not  abundant  as  compared  with  the 
other  cellular  elements. 

Alveolar  Sarcoma. — In  this  the  fibrous  stroma  resembles  that  of  cancer. 
The  nests  of  cells  are  separated  by  thin  fibrous  bands;  commonly  the  con- 
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Fig.  179. — Alveolar 
Sarcoma.  (Gould.) 
Compare  with  glandular 
carcinoma,  figures  155 
and  157. 
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nective  tissue  constituting  the  alveolar  walls  is  immature.  The  cells 
are  sharply  distinguished  from  the  fibrous  network,  and  are  loosely 
adherent.  The  blood-vessels  follow  the  course  of  the  fibrous  tissue 
and  rarely,  if  ever,  enter  the  cell  groups.  In  handling  the  sections, 
should  the  nest  of  cells  drop  out,  the  remaining  fibrous  stroma  closely 
resembles  transverse  sections  of  air  vesicles  (alveoli).  Under  the  micro- 
scope there  is  no  other  variety  of  sarcoma  so  likely  to  be  mistaken  for 
carcinoma.  A little  experience  usually  enables  one  to  avoid  this  error, 
particularly  if  the  blood-vessels  in  the  stroma  be  carefully  studied.  In 
the  sarcoma  many  of  the  vessels  possess  immature  or  imperfectly  developed 
walls;  in  the  carcinomatous  stroma  the  walls  of  the  vessels  will,  in  most 
cases,  be  normal,  or  may  even  be  thicker  than  usual.  Alveolar  sarco- 
mata are  not  uncommonly  melanotic.  (See  Fig.  181.) 

Melanotic  Sarcoma  (Melano sarcoma) . — Pigmentation  may  occur  in 
any  variety  of  sarcoma,  and  is  frequently  due  to  hemorrhage,  followed 


Fig.  180. — Melanotic  Sarcoma  Springing  from  the  Subcutaneous  or  Possibly  from  the  Periosteal 

Connective  Tissues. 

The  intensely  dark  slate  color,  almost  black,  is  well  shown.  The  infiltrating  margins  of  the  growth  could 
be  approximately  outlined  by  the  unaided  eye  on  account  of  the  intensity  of  the  pigmentation.  The 
submaxillary  lymphatics  were  enlarged  and  were  crowded  by  pigment  cells.  Histologically,  the  pig- 
ment was  within  and  between  the  cells,  and  was  scattered  through  the  tumor  at  all  points. 

by  alteration  in  the  hemoglobin  and  pigment  deposit.  In  certain  forms 
of  sarcoma  the  abundance  of  pigment  cannot  be  fully  accounted  for 
by  presuming  an  antecedent  hemorrhage;  the  tumor  cells  seem  able 
to  elaborate  pigment.  These  tumors  may  be  brown  or  slate-colored, 
and  in  some  instances  are  almost  black.  (See  Fig.  180.)  Sections 
show  the  pigment  in  and  between  the  cells.  The  coloring-matter,  con- 
tained in  neoplasms  of  this  type,  is  produced  by  special  cells  called  melano- 
blasts.  The  tumors  are  very  malignant.  Occasionally,  the  amount  of 
pigment  produced  is  sufficient  notably  to  influence  the  skin,  the  mucous 
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membranes,  and  sometimes  the  urine;  the  pigmentation  of  the  skin  mav 
be  intense,  giving  rise  to  a discoloration  resembling  that  seen  in  Addison’s 
disease. 

Important  among  the  melanomata1  are  certain  tumors,  frequently- 
arising  from  pigmented  moles,  about  the  exact  nature  of  which  opinions 
are  divided.  Prior  to  1891  all  agreed  that  these  neoplasms  were  sarco- 
matous; in  that  year  Eve  suggested  that  they  might  be  carcinomata,  and 
in  1892  Unna,  independently,  urged  their  cancerous  nature.  Pathologists 
usually  believe  them  sarcomatous,  and,  following  Unna,  dermatologists 
regard  them  as  carcinomatous;  owing  to  the  wide  distribution  of  the 
neoplasms  the  condition  is  called  sarcomatosis  or 
carcinomatosis  cutis.  The  primary  mole  from 
which  the  neoplasm  arises  may  show  little  or  no 
enlargement  and  rarely  attains  a diameter  of  1 cm. 
or  2 cm.  The  amount  of  pigment  in  the  primary 
and  secondary  growths  varies  from  a slight, 
scarcely  demonstrable  quantity  to  such  an  abun- 
dance that  the  neoplasms  are  almost  black,  the 
skin  irregularly  mottled,  and  the  coloring  matter 
excreted  in  the  urine — melanuria.  In  the  tumors 
the  pigment  appears  to  be  melanin  and  in  the  urine 
colorless  melanogen,  which,  by  oxidation — expo- 
sure to  the  air  or  treatment  with  chemic  oxidizers 
— becomes  perceptible;  occasionally  a true  mela- 
nuria may  be  present.  The  tumors  are  exceedingly  malignant,  the 
patients  rarely  surviving  more  than  one  or  two  years. 

Endothelioma2  ( Plexiform  Angiosarcoma) . — In  this  variety  of  neoplasm 
the  cell  nests  are  formed  by  proliferation  of  endothelial  cells.  The  tumor 
is  highly  vascular,  due  either  to  pre-existing  or  to  newly  formed  vessels, 
the  walls  of  which  become  thicker,  until  at  length  the  intervascular  spaces 
are  entirely  filled.  Endotheliomata  occur  in  tf  e arachnoid  and  pia 
mater,  and  usually  on  serous  surfaces,  but  have  been  observed  in  the 
viscera,  bone,  mamma,  and  subcutaneous  tissues;  the  parotid  neoplasm 
known  as  a “mixed  tumor”  is  often,  if  not  always,  an  endothelioma. 
Occasionally,  when  occurring  in  the  pia  mater,  the  proliferated  endo- 
thelial cells  are  aggregated  into  small,  spheric  nodules  of  a peculiar,  shiny, 
pear-like  appearance;  the  tumor  is  then  referred  to  as  a cholesteatoma. 
Endotheliomata  not  uncommonly  assume  a distinctly  alveolar  type. 
The  large,  flat,  endothelial  cells  springing  from  the  serous  surface,  and 
occurring  within  distinct  alveoli  formed  of  connective  tissue,  afford  a 
picture  so  closely  resembling  carcinomata  that  accurate  differentiation 
seems  at  times  impossible.  Pick  believes  that  they  are  carcinomata. 
This  close  resemblance  has  led  to  an  unfortunate  complication  of  names, 
such  tumors  being  sometimes  called  endothelial  carcinomata,  and,  again, 
epitheliomata  of  the  serous  membranes.  Usually,  a careful  examination 
of  a large  number  of  sections  will  disclose  areas  distinctly  sarcomatous. 
The  shape,  arrangement,  and  character  of  the  cells,  associated  with  the 

1 Handley,  Lancet,  April  13,  1907;  Fordyce,  Jour.  Amer.  Med.  Assoc.,  Jan.  8, 
1910,  p.  91. 

2 Crile,  Annals  of  Surgery,  Sept.,  1905;  Patterson,  Jour.  Med.  Soc.  of  New 
Jersey,  1909;  Zeit,  Jour.  Amer.  Med.  Assoc.,  Feb.  24,  1906;  Ribbert,  Virch. 
Arch.,  Bd.  cxcvi,  H.  2,  1909;  Ficlc,  Virch.  Arch.,  Bd.  cxcvii,  H.  3,  1909;  Van 
Duyse,  Arch.  d’Ophtalmol.,  July,  1910. 
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Fig.  181.— Alveolar 
Melanotic  Sarcoma. 
{Gould.) 
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poor  development  of  the  blood-vessels,  point  conclusively  to  the  diagnosis 
of  sarcoma.  The  author  has  recently  had  an  opportunity  to  examine 
such  a tumor  springing  from  the  tonsil  or  pharygneal  wall.  The  examina- 


Fig.  182.- — Cerebrum,  Coronal  Section,  Anterior  Aspect;  Superior  Parietal  Lobule  and  Posterior 
Part  op  Temporal  Lobe.  (Three-fifths  Natural  Size.)  (Jefferson  Medical  College  Hospital 
Laboratories,  No.  2538.) 

Melanotic  sarcoma,  secondary  to  primary  growth  in  pigmented  mole  of  skin  of  back.  A.  Secondary  nodule, 
showing  considerable  hemorrhage  in  the  interior  of  the  new  growth  and  a scanty,  irregularly  distributed, 
but  narrow  band  of  peripheral  hemorrhage.  B.  Similar  mass  in  opposite  hemisphere.  The  hemor- 
rhage in  this  area  is  around  the  growth,  which  is  considerably  compressed.  C.  Blood-stained  zone 
surrounding  mass;  it  will  be  observed  that  the  peripheral  blood  tinging  of  the  white  matter  is  more 
marked  on  this  side  than  the  other,  due  to  the  more  abundant  hemorrhage  and  its  peripheral  distribu- 
tion. D and  E are  also  areas  of  hemorrhage  containing  varying  quantities  of  neoplastic  tissue;  the 
latter,  which  in  the  absence  of  extravasated  blood  is  grayish-brown  or  nearly  black,  is  further  obscured 
by  hemoglobin  imbibition. 


Fig.  183. — Mamma,  Lymphangio-endothelioma. 

Removed  by  Prof.  J.  Chalmers  DaCosta.  Section  of  this  tumor  is  shown  in  Fig.  184. 


tion  of  many  sections  has  led  the  writer  to  believe  that  it  is  not  impossible 
that  some  of  these  tumors  may  represent  combined  or  associated  processes; 
the  coincidence  of  sarcoma  and  carcinoma  in  the  same  individual,  or  even  in 
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the  same  organ,  occasionally  occurs;  the  author  has  seen  giant-cell  sarcoma 
and  scirrhus  together  in  the  female  mamma.  Tumors  of  endothelial  origin 
arising  from  the  cells  in  the  lymph-spaces  are  called  lymphangio-endothe- 
liomata;  those  developing  from  the  endothelium  of  the  blood-vessels, 
hemangio-endotheliomata.  Apparently  some  of  these  neoplasms  arise 
from  the  perivascular  endothelium,  and  to  these  has  been  given  the  name 
perithelioma.  With  regard  to  the  malignancy  of  the  endotheliomata,  it  may 
be  stated  that,  as  a rule,  they  grow  slowly,  manifest  metastasis  late,  if  at 
all,  and  evince  little  tendency  to  recur  if  thoroughly  removed.  The  high 
mortality  from  endothelioma  is  due  to  inaccessibility  of  the  tissues  ordi- 
narily involved. 

Psammoma  ( Angiolithic  Sarcoma ) is  a peculiar  tumor,  containing 
sand-like  masses  and  originating  in  the  brain  and  its  membranes,  more 
particularly  in  the  pineal  gland  and  the  choroid  plexus;  it  contains  fine, 
chalky,  or  calcareous  concretions  showing  concentric  lamination.  Col- 


Fig.  184. — Mamma,  Lymphangioendothelioma. 

In  the  upper  right  quadrant  is  the  margin  of  a mammary  duct.  Section  of  mamma  shown  in  Fig.  183. 

loid  or  hyaline  change  may  occur  in  or  near  the  concretions;  indeed, 
if  the  lime  salts  be  cautiously  dissolved  by  acids,  a concentrically  ar- 
ranged hyaline  matrix  commonly  remains.  The  occurrence  of  similar 
calcific  deposits  in  tumors,  the  tissues  of  which  approach  the  adult  type, 
shows  that  the  presence  of  calcareous  deposit  is  not  restricted  to  sarcoma, 
but  may  be  seen  in  other  growths  developing  in  the  areas  indicated. 

Chloroma1  is  another  oddly  formed  cellular  tumor;  a section  of  the 
gross  specimen  presents  a light  green  or  dirty  brown  color,  which  soon 
fades  on  exposure  to  air.  Its  cause  is  not  known;  it  occurs  chiefly  in  the 

1 Dock  and  Warthin,  Med.  News,  Dec.  10,  1904;  Threadgold,  Quarterly  Jour, 
of  Med.,  Oct.,  1909;  Jacobaeus,  Deutsch.  Arch.  f.  klin.  Med.,  1909,  xcvi. 
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periosteum  of  the  skull,  but  may  involve  the  subcutaneous  tissues, 
muscles,  viscera,  and  lymph-nodes  (chlorolymphoma) . The  blood  fre- 
quently shows  a mononuclear  leukocytosis  resembling  that  of  leukemia. 
Dock  and  Warthin  believe  it  results  from  proliferation  of  cells  ancestral 
to  leukocytes  and  that  it  is  a leukemic  manifestation.  Histologically 
the  tumor  is  composed  of  a scanty  reticulum  and  cells,  the  latter  resembling 
the  large  lymphocytes  of  the  blood;  occasionally  granules  are  found 
both  within  and  between  the  cells.  Some  cases  are  accompanied  by  a hem- 
orrhagic diathesis. 

Cylindroma  is  produced  by  partial  hyaline  or  mucoid  degeneration 
of  a sarcoma,  or  when  there  is  a combination  of  sarcomatous  and  myxoma- 
tous tissue.  The  term  is  also  applied  to  a variety  of  tumor  of  the  epithelial 
type,  known  as  cylindroma  carcinomatodes,  which  is  characterized  by  the 
formation  of  peculiar  homogeneous  spherules  within  the  cell  nests; 
it  is  probably  a colloid  degeneration. 


fig.  185. — Perithelioma  of  the  Carotid  Body. 
Leitz  24  mm.,  Oc.  A.  Reduced  one-half. 


Sarcomata  are  particularly  liable  to  secondary  change.  Areas  in 
the  tumor  may  show  a decided  disposition  to  complete  the  developmental 
tendency  of  connective  tissue.  As  a result  of  such  processes  true  bone 
formation  may  occur — osteosarcoma;  or  cartilage  may  be  produced — 
chondrifying  or  chondroid  sarcoma,  or  chrondrosarcoma.  Lipomatous 
sarcomata  are  rare.  Sarcomata  containing  more  or  less  mucoid  tissue 
( myxosarcoma ) are  more  frequent.  In  such  tumors  the  change  may  be 
conspicuous  in  the  intercellular  substance,  or  it  may  be  evident  within 
the  cells  themselves.  Conversion  of  the  tumor  cells  into  a structure 
resembling  adult  fibrous  tissue  has  already  been  referred  to  in  considering 
fibrosarcoma.  Of  the  infiltrations  to  which  sarcomata  are  liable,  cal- 
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cification  is  the  most  common.  Such  tumors,  containing  calcific  collec- 
tions or  concretions,  are  sometimes  called  osteoid  sarcomata,  a name 
which  is  particularly  objectionable  as  it  resembles  so  closely  osteosarcoma, 
a term  applied  with  an  entirely  different  meaning.  Fatty  degeneration 
of  sarcoma  cells  occasionally  occurs.  Sometimes  the  distinctly  fatty 
areas  are  conspicuous,  and  may  be  easily  recognized  as  more  or  less  ir- 
regular, yellowish  patches.  Cyst  formation  in  the  interior  of  sarcomata 
is  occasionally  observed;  it  is,  however,  a comparatively  infrequent 
change. 

As  a result  of  the  faulty  development  of  the  blood-vessel  walls,  areas 
of  interstitial  hemorrhage  are  not  infrequent.  These  may  assume 
the  character  of  a suffusion,  the  blood  infiltrating  between  the  tumor 
cells;  more  or  less  circumscribed  areas  of  hemorrhage  may  also  occur. 
When  infection,  ulceration,  or  superficial  necrosis  has  removed  the 
overlying  skin  or  mucous  membrane,  sarcomata  not  uncommonly 
bleed,  even  profusely.  With  the  lessened  pressure  resulting  from  de 


Fig.  186. — -Perithelioma  op  Carotid  Body. 

Obj.  B.  and  L.  i/8-inch,  oc.  i inch.  Reduced  one-half.  A.  Red  blood-cells  in  an  alveolus. 

vessel  in  the  stroma  between  alveoli. 


B.  Blood- 


struction  of  the  overlying  skin  or  mucous  membrane  the  neoplasm  may 
protrude  as  a fungoid  growth,  more  or  less  narrowed  at  its  base,  and 
constituting  a form  of  the  fungus  hematodes  of  the  older  writers.  In- 
fectious changes  in  the  sarcomata  may  be  evident.  Extensive  necrosis 
of  the  cells  resulting  from  infection,  and  even  gangrene  of  a large  portion 
of  the  tumor,  may  occur.  Such  ulcerating  surfaces  may  suffer  sapro- 
phytic infection,  and  give  off  a penetrating,  fetid  odor.  The  patient’s 
health  may  be  profoundly  influenced  by  the  occurrence  of  infection: 
sapremia,  true  septicemia,  or  even  pyemia  sometimes  develops. 
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DIAGNOSTIC  FEATURES  OF  SARCOMA  AND  CARCINOMA.1 


x.  Origin. 
2.  Stroma. 


3.  Cells. 

4.  Intercellular 

substance. 

5.  Vessels. 


6.  Spreads. 


7.  Secondary 

changes. 

8.  Growth. 

9.  Site. 


10.  Heredity. 

11.  Capsule. 


12.  Fat. 

13.  Age. 

14.  Injury. 


Sarcoma. 

Entirely  mesoblastic. 

(Connective-tissue  type.) 
Intercellular.  Rarely  forms 
alveoli . 


Atypic  connective-tissue  cells; 
shape  and  size  vary. 

May  be  present. 

Immature;  in  direct  contact 
with,  or  may  be  formed  by, 
the  special  cells,  slightly 
modified,  of  which  the  tu- 
mor is  composed. 

Primarily  and  secondarily  by 
blood-vessels,  rarely  by  the 
lymphatics. 


Chondroid,  osseous,  calcific, 
and  pigmentary  changes 
frequent. 

Not  invariably  continuous. 
Likely  to  be  interrupted. 

Primarily  in  deep  structures; 
always  from  connective 
tissue. 

Seldom  hereditary. 

Primarily,  pseudoencapsu- 
lated;  later,  infiltrates  the 
surrounding  tissue. 

Rarely,  if  ever,  contains  fat. 

Occurs  most  frequently  be- 
fore middle  life. 

Not  uncommonly  followed  in- 
jury, such  as  trauma. 


Carcinoma. 

Epiblastic  and  hypoblastic. 
(Epithelial-tissue  type.) 

Vascular  connective  tissue, 
which  surrounds  and  forms 
the  walls  of  the  alveoli; 
these  communicate  with  one 
another,  and  contain  masses 
of  epithelial  cells. 

Epithelial  cells  contained  within 
alveoli;  shape  and  size  vary. 

Absent,  or  merely  fluid. 

Well  developed;  entirely  con- 
tained within  the  connective- 
tissue  stroma,  and  supported 
by  the  walls  of  the  alveoli. 
Seldom  in  contact  with  the 
cells. 

Primarily  by  lymphatics,  ex- 
cept in  the  later  stages,  when 
it  may  also  spread  by  blood- 
vessels, in  which  case  it 
spreads  with  very  great 
rapidity.  Secondarily  b y 
blood-vessels. 

Very  rare. 


Rapid.  Continuous. 

Primarily  in  superficial  struc- 
tures or  glands;  always  from 
epithelium. 

May  be  hereditary. 

Never  encapsulated. 


Nearly  always  contains  fat. 

Most  frequent  after  middle  life. 

Rarely,  a history  of  trauma, 
but  may  follow  prolonged 
irritation.  Especially  is  this 
true  of  the  superficial  forms. 


Teratoma.2 — This  rare  variety  of  tumor  is  composed  of  epithelial 
and  connective-tissue  types  (typic,  atypic,  or  both),  and  originates  in 
rudiments  derived  from  more  than  one  layer  of  the  blastoderm.  Terato- 
mata are  congenital  tumors,  usually  occurring  in  the  sacral  region  (coc- 
cygeal tumors),  the  head  and  neck,  mediastinum,  or  the  abdominal 
cavity;  they  are  occasionally  observed  in  the  kidney,  ovary,  and  testicle. 

They  may  be  due  to  inclusion  and  imperfect  development  of  one 
fetus  within  another,  or  to  abnormal  proliferative  changes  in  the  tissues 
of  one  fetus.  They  vary  in  size — may  be  small  at  birth,  and  may  remain 

1 After  Woodhead;  modified  and  extended. 

2 Hilton,  Annals  of  Surg.,  Oct.,  1906,  vol.  xliv;  Christian,  Jour.  Med.  Research, 
May,  1907;  Norris,  Amer.  Jour.  Obstet.,  No.  6,  1909;  Davis,  Jour.  Amer.  Med. 
Assoc.,  April  16,  1910,  p.  1288;  Sheen,  Seholberg  and  Wallis,  Lancet,  Sept.  17, 
1910,  p.  874;  Hippel,  Virch.  Arch.,  Sept.  1,  1910,  p.  326;  Sieber,  Virch.  Arch., 
Bd.  ccii,  H.  2,  1910. 
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stationary  or  continue  to  develop.  As  evidence  of  fetal  inclusion,  the 
tumor  mass  may  contain  structures  definitely  suggestive  of  organs.  Tera- 
tomata are  frequently  cystic;  they  sometimes  recur  after  what  was  be- 
lieved to  have  been  complete  removal;  such  recurring  tumors  are  thought 


Fig.  187. — Teratoma. 

Section  of  cyst  wall,  case  of  teratoma  of  the  sacrum,  operated  upon  by  Prof.  W.  W.  Keen.  Note  the  resem- 
blance to  the  wall  of  a bronchus.  A.  Cylindric  ciliated  epithelium.  B,  B.  Glands  lined  by  low 
columnar  epithelium.  C.  Blood-vessel.  D.  Cartilage. 

by  some  to  possess  a sarcomatous  element.  Dermoid  cysts  are  properly 
classed  with  teratomata.1  • 

Chorioepithelioma,2  Choriocarcinoma  ( Chorioma , Deciduoma,  Syncyt- 

1 See  Dermoid  Cysts. 

2 Kauffmann,  Zeitsch.  f.  Geburtsh.  u.  Gynakol.,  1907,  lx,  I,  and  Monats.  f. 
Geb.  u.  Gyn.,  June,  1908;  Iwase,  Arch.  f.  Gynakol.,  1908,  lxxxv,  2;  Teacher,  Jour. 
Path,  and"  Bact.,  April,  1908;  Ewing,  Surg.,  Gyn.,  and  Obstet.,  April,  1910,  p.  366. 
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Fig.  188. — Teratoma  of  Testicle. 

Matrix  composed  of  myxomatous  and  collagenous  tissues;  also  containing  smooth  muscle  bundles  and  on 
the  extreme  left  an  island  of  fetal  cartilage.  The  cysts  are  lined  by  columnar  epithelium  which  in 
places  is  ciliated. 


Fig.  189. — Chorioepithelioma. 

Case  of  Dr.  Montgomery’s,  studied  by  Dr.  Bland  in  the  writer’s  laboratory.  Microscopic  section  of  tumor 
removed  from  its  central  portion.  A,  A,  A.  Large  wandering  decidual  cells.  B.  Leukocytes.  C. 
Chorionic  villi  showing  marked  disturbance  in  Langhans’  cells.  D.  Non-nucleated  protoplasmic  mass. 
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ioma,  Sarcoma  deciduo-cellulare,  malignant  placental  polyp,  etc.)  is  a 
peculiar  tumor  the  exact  oncologic  position  of  which  has  not  been  deter- 
mined to  the  satisfaction  of  all  observers.  It  has  been  regarded  as  a 
sarcoma  and  strongly  resembles  tumors  of  that  group.  Most  authorities 
recognize  the  impossibility  of  definitely  assigning  the  neoplasm  to  any  recog- 
nized class,  and  some  hold  that  a number  of  tumors  are  at  present  included 
under  the  one  name  and  really  constitute  a group.  The  primary  neoplasm 
is  practically  always  in  the  uterus  and  usually  follows  labor  or  abortion. 
The  tumor  gives  rise  to  extensive  metastases  by  the  blood;  secondary 
growths  are  particularly  prone  to  involve  the  lungs,  brain,  and  kidneys.  The 
primary  and  metastatic  masses  are  exceedingly  vascular  and  composed  of 
large  blood-sinuses  containing  structures  resembling  the  chorionic  villi,  and 
particularly  characteristic  are  the  large  multinucleated  protoplasmic 
masses  similar  to  the  syncytial  cells.  (See  Fig.  189.)  Chorioepithelio- 
mata  vary  widely  in  malignancy;  some  growths  prove  fatal  in  a few  weeks, 
while,  in  other  cases,  partial  removal  is  followed  by  complete  recovery. 
In  the  case  reported  by  Noble  it  was  recognized  at  operation  that  definite 
neoplastic  tissue  was  left  behind ; the  patient,  however,  recovered.  Some 
writers  speak  of  chorioepithelioma  malignum  and  chorioepithelioma 
benignum  as  distinct  neoplasms.  Ewing  believes  that  the  histologic  dis- 
tinction between  the  malignant  and  nonmalignant  forms  is  possible. 
Although  metastases  are  usually  preceded  by  definite  tumors  of  the  uterus 
there  are  on  record  several  cases  without  discovered  primary  tumor, 
although  the  secondary  growths  were  widespread.  The  primary  tumor 
has  been  found  in  the  ovary,  Fallopian  tube  and  vagina,  and  chorioepitheli- 
omatous  proliferations  occur  in  teratomata.  Neoplasms  of  the  latter  group 
arising  in  the  testicle1  occasionally  contain  areas  possessing  characters 
indistinguishable  from  those  of  chorioepithelioma. 

CYSTS. 

A cyst  consists  of  a connective-tissue  membrane  or  supporting  wall 
lined  by  epithelium  or  endothelium,  and  forming  a cavity  the  contents 
of  which  may  be  fluid  or  semifluid,  uniform  in  composition,  or  made 
up  of  a mixture  of  similar  or  dissimilar  substances. 

When  the  wall  of  the  cyst  is  passive  and  influenced  by  the  retained 
or  extravasated  contents  in  a mechanical  way  only,  the  cyst  is  said  to  be 
simple  or  unilocular.  When  several  simple  cysts  occur  together,  all 
arising  from  the  same  cause,  and  identical  in  structure,  they  are  called 
multiple  cysts.  When  one  cyst  springs  from  the  wall  of  another  and  thus 
gives  rise  to  a second  or  a third  cyst,  the  process  resembling  proliferation, 
the  resulting  cysts  are  known  as  proliferous  cysts;  the  cyst  walls  may  be 
destroyed  by  pressure  (reciprocal),  and  thereby  many  of  the  cyst  cavities 
communicate.  When  the  cysts  remain  distinct,  they  are  spoken  of  as 
multilocular.  W^hen  the  cysts  communicate,  they  are  sometimes  said  to 
be  cavernous.  When  the  lining  membrane  of  the  cyst  develops  papillo- 
matous masses,  the  process  is  called  papilliferous. 

Classified  by  the  cause  and  process  of  development  cysts  may  be 
divided  into:  (1)  Retention  cysts;  (2)  exudation  cysts;  (3)  cystomata ; 
(4)  extravasation  cysts;  (5)  dermoid  cysts;  (6)  parasitic  cysts;  (7)  cysts 
resulting  from  necrotic  and  degenerative  changes  in  solid  tissues. 

1 Emanuel,  Monatsch.  f.  Geburtsh.  u.  Gynakol.,  May,  1905;  Orton,  Jour.  Med. 
Research,  Nov,  1907;  Monckeberg,  Virch.  Arch.,  Bd.  cxc,  p.  381. 
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Retention  Cysts. — These  include  all  cysts  due  to  occlusion  of  excretory 
ducts  of  glands  with  accumulation  of  glandular  secretion  and  exudative 
fluids  in  the  closed  cavity  resulting  from  obstruction  of  the  passage  by 
which,  normally,  evacuation  occurs.  Among  the  most  common  are: 
sebaceous  cysts  (wens) ; mucous  cysts ; salivary  cysts  (ranulae) ; milk  cysts 
(galactoceles) ; seminal  cysts  (true  spermatoceles) ; nephric  cysts  (see  Cysts 
of  the  Kidney);  cysts  of  the  gall-bladder  or  biliary  passages;  pancreatic 
cysts  (pancreatic  ranuke). 

The  wall  of  such  cysts  is  composed  of  condensed  and  thickened 
connective  tissue,  and  the  lining  cells  are  epithelial.  The  contents 
are  derived  from  the  functional  activity  of  the  gland  structure,  altered 
by  absorption  of  a part  of  the  fluid  and  by  the  desquamative  and  de- 
generative changes  that  the  cellular  elements  of  the  cyst  wall  may 
have  undergone.  When  the  duct  obstruction  first  occurs,  the  accumu- 
lating fluid  is  a product  of  secretory  activity  of  the  gland;  if  the 
obstruction  be  complete,  normal  secretion  soon  ceases,  the  gland  undergoes 
degenerative  and  fibrous  changes,  and  irritation  gives  rise  to  inflamma- 
tion of  the  cyst  wall  and  the  formation  of  an  exudate  which  rapidly 
replaces  the  fluid  at  first  accumulated.  The  change  in  the  physical  and 
chemic  characters  of  the  cyst  contents  is  facilitated  by  absorption  of 
some  of  the  contained  fluid.  Not  uncommonly  cysts  of  this  class  eventu- 
ally contain  none  of  the  materials  characteristic  of  the  gland  in,  or  from 
which  they  arise:  e.  g.,  the  fluid  found  in  the  kidney  in  hydronephrosis  may 
contain  no  body  characteristic  of  the  renal  secretion.  (See  Hydronephrosis.) 

Exudation  Cysts. — These  embrace  cysts  arising  from  accumula- 
tion in  closed  cavities  not  supplied  by  any  excretory  ducts  or  analogous 
structures.  Such  cysts  are  typified  in  the  accumulations  in  bursae, 
tendon-sheaths,  the  tunica  vaginalis  testis  (hydrocele),  and  the  canal  of 
Nuck.  The  cyst  wall  is  formed  by  thickened  connective-tissue  membrane 
lined  with  endothelium;  the  sac  or  wall  may  be  calcareous,  cartilaginous, 
fibroid,  chondroid,  or  even  osteoid.  The  contents  are  usually  a clear, 
limpid,  serum-like  liquid,  but  the  fluid  may  be  viscid  or  semigelatinous, 
or  the  cyst  may  contain  solid  bodies  resulting  from  changes  in  the  wall 
and  desquamation  or  exfoliation  into  the  cavity. 

Cystoma  ( hygroma  or  hydroma)  is  a cyst  resembling  the  preceding, 
except  that  it  is  of  new  formation.  The  wall  is  of  mesoblastic  origin, 
lined  by  a flattened  layer  of  connective-tissue  cells  (endothelium).  The 
contained  fluid  is  usually  clear,  straw-colored,  slightly  albuminous,  and 
of  low  specific  gravity;  rarely,  the  fluid  may  be  colored,  cloudy,  or,  as  a 
result  of  hemorrhage,  grumous  and  possessing  a dark,  chocolate  color. 
As  to  site,  cvstomata  are  most  frequent  in  the  neck  (hydrocele  of  the 
neck)  and  in  the  axillae  (hydroceles  of  the  axillae) ; although  infrequent, 
they  have  been  observed  in  the  subcutaneous  structures  elsewhere — back, 
belly,  and  even  the  extremities.  By  reason  of  their  being  most  com- 
monly congenital,  occasionally  associated  with  macroglossia,  and  on 
account  of  their  close  resemblance  to  the  dilated  lymph-spaces  of  the  frog, 
it  is  believed  by  many  that  they  arise  from  dilatation  of  the  lymph-spaces; 
this  view,  if  correct,  would  place  them  with  the  cavernous  lymphangio- 
mata (p.  342). 

On  three  occasions  the  writer  has  seen  cystoma  of  the  liver;  they 
were  presumably  congenital,  and  had  been  mistaken  for  sarcomata. 
One  of  the  patients  died  from  hemorrhage  into  the  cyst,  and  the  others 
from  intercurrent  maladies.  The  three  were  children,  aged  three,  five, 
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and  six  years  respectively.  It  is  not  uncommon  to  find  these  cysts 
cavernous,  with  cavities  of  various  sizes  communicating  with  one  another 
through  one  central  space.  The  rule,  as  stated,  that  the  specific  gravity 
of  the  contained  fluid  is  low,  has  occasionally  exceptions,  as,  in  rare 
instances,  the  fluid  may  be  as  dense  as  the  white  of  an  egg,  and  so  tena- 
cious that  it  will  not  flow  through  an  ordinary  cannula  introduced  in 
tapping. 

The  most  frequent  site  of  a cystoma  is  in  the  ovary.  Such  tumors 
may  be  unilocular — that  is,  made  up  of  a single  cyst  cavity — or  they 
may  be  multilocular.  The  multilocular  ovarian  cystomata  usually 
contain  one,  two,  or  more  large  cysts  and  numerous  smaller  cavities. 
As  a result  of  reciprocal  pressure,  there  may  be  more  or  less  destruction 
of  the  septa,  and  numerous  loculi  may  communicate  with  one  another, 
forming  a cavernous  cyst,  within  the  cavities  of  which  the  fluid  is  lodged. 
Certain  of  the  ovarian  cystomata  develop  papillary  ingrowths,  projecting 
from  the  inner  membrane  of  the  cyst  wall  as  wart-like  excrescences, 
which  may  be  small  or  scarcely  recognizable,  or,  on  the  other  hand, 
may  form  large  accumulations  within  the  cyst  cavity.  As  a rule,  papillif- 
erous  cystomata  are  multilocular;  less  commonly  they  are  unilocular. 
The  lining  membrane  of  ovarian  cystoma  is  usually  composed  of  colum- 
nar epithelium,  which  in  some  cases  may  be  of  the  tall  variety.  Cilia- 
tion  is  rare.  External  to  the  epithelial  stratum  the  wall  consists  of 
fibrous  connective  tissue,  which  may  contain  myxomatous  elements, 
and  at  times  masses  of  gland  tissue.  In  the  presence  of  the  latter  element 
the  tumors  are  called  cystadenomata,  and  are  usually  papilliferous.  Cys- 
tomata sometimes  become  infected  and  suppurate;  usually  this  accident 
is  disastrous,  most  of  the  patients  dying.  Werth,  Pitha,  Walgren,  and 
Zantchento1  have  reported  suppuration  of  ovarian  cysts  occurring  as 
complications  of  typhoid  fever;  in  most  of  the  recorded  instances  the 
cysts  were  dermoids,  but  the  ordinary  type  of  ovarian  cystoma  may  be 
similarly  affected. 

As  a rule,  ovarian  cystoma  is  the  largest  cyst  observed  in  the  human 
body.  Dr.  Elizabeth  Reifsnyder  has  reported  the  removal  of  an  ovarian 
cyst  containing  85  liters  (approximately  88  quarts)  of  fluid  and  weighing 
83  kilos  (169  pounds) ; the  patient  weighed  but  38  kilos  (77  pounds).  The 
tumor  was  unilocular,  the  empty  sac  weighing  3.2  kilos  (6£  pounds). 
In  the  case  reported  by  Smith2  the  patient  weighed  before  operation  375 
pounds,  and  after  operation  183  pounds,  giving  for  the  weight  of  the  cyst, 
including  wall  and  contents,  192  pounds. 

Extravasation  Cysts. — This  variety  of  cyst  is  formed  around  dis- 
tended or  ruptured  vessels,  or  in  areas  of  hemorrhage,  and  may  occur  in 
any  tissue.  Hematocele,  or  any  form  of  sanguineous  cyst,  is  properly 
classed  with  this  group.  The  cyst  wall  is  usually  thin,  and  its  inner  sur- 
face smooth;  but  the  reverse  may  be  true.  In  rare  cases  the  internal 
surface  of  the  cyst  wall  is  fasciculated.  The  inner  stratum  of  the  con- 
nective-tissue investment  of  the  cyst  is  first  formed  by  the  dissociated 
connective  tissues;  later  these  may  be  replaced  by  an  endothelial  cover- 
ing. Rudolf3  fully  describes  the  hematomata  that  occur  in  the  mesentery 
as  a result  of  direct  injury  to  the  abdominal  wall  or  indirect  trauma,  as  by 
falls;  these  cases  usually  terminate  fatally.  A$  a result  of  injury  during 

1 Rousski  Vratch,  1903,  No.  30. 

2 Massachusetts  Med.  Soc.,  June  13,  1906. 

3 Beitrage  z.  klin.  Chir.,  xliii,  No.  3. 
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birth  hematomata  are  sometimes  seen  in  the  sternocleidomastoid  muscle 
of  the  new-born.  By  some  writers  the  intrafollicular  and  intraparenchy- 
matous  hemorrhages  in  the  ovary  (ovarian  apoplexy)  are  classed  with  the 
hematomata.  As  a result  of  injury,  or  disease  of  the  vessels,  meningeal 
hemorrhage  sometimes  gives  rise  to  hematoma,  which  may  be  subdural 
or  extradural.  A special  form  of  this  condition,  called  hemorrhagic 
pachymeningitis,  is  discussed  in  the  chapter  on  Diseases  of  the  Nervous 
System.  Cysts  occasionally  occur  through  the  extravasation  of  fluids 
other  than  blood;  the  accumulation  of  urine  in  the  perineum,  following 
rupture  of  the  urethra,  is  a type  of  such  cysts. 

Dermoid  cysts  are  always  of  congenital  origin,  and  arise  as  the  result 
of  cutaneous  inclusion,  or  in  consequence  of  the  inclusion  of  a blighted 
ovum.  The  wall  may  contain  all  the  elements  of  the  cutis,  may  be  thick 
or  thin,  and  not  uncommonly  shows  a slight  growth  of  hair;  the  cells 
lining  the  interior  of  the  sac  are,  of  course,  epithelial.  The  contents  are 
usually  sebaceous  matter  and  a varying  amount  of  hair,  occasionally 
teeth,  are  found.  When  situated  in  the  ovary,  testicle,  brain,  eye,  throat, 
or  abdominal  cavity,  developing  bone  or  cartilage  may  be  contained  within 
the  cyst  cavity;  these  distinctly  connective-tissue  products  indicate  the 
possibility  of  such  cysts  arising  from  fetal  inclusion.  Occasionally,  der- 
moid cysts  contain  fat  the  melting-point  of  which  is  below  the  normal 
temperature  of  the  body.  The  author  examined  one  such  cyst.  The 
tumor  had  evidently  developed  in  the  region  of  the  ovary;  the  wall  was 
so  dense  and  calcareous  that  a saw  was  necessary  to  open  the  mass.  The 
temperature  of  the  body  was  still  comparatively  high,  and  the  oily,  fluid  con- 
tents, which  flowed  from  the  interior  of  the  cyst,  immediately  congealed 
on  coming  in  contact  with  cold  water.  A similar  tumor  of  the  ovary  has 
been  described  by  Thoma.  Dermoids  containing  distinct  connective- 
tissue  bodies,  such  as  cartilage  and  bone,  are  termed  compound  dermoids, 
thereby  distinguishing  them  from  dermoids  containing  no  connective- 
tissue  elements;  the  latter  are  called  simple  dermoids.  The  most  common 
sites  are  near  the  orbit,  the  root  of  the  nose,  the  angle  of  the  jaw,  the 
floor  of  the  mouth,  around  the  sheath  of  the  carotid  vessels,  near  the  anus, 
and  the  sacrococcygeal  and  ovarian  regions.  There  can  be  no  doubt 
that  most  of  the  dermoids  occurring  in  the  body  cavity,  and  sacral 
and  perineal  regions,  belong  with  the  teratomata.  (See  page  358.) 
Following  the  observations  of  Wilms,  the  tendency  has  been  to  call  such 
tumors  embryomata.1  When  two  layers  of  the  blastoderm  are  represented 
by  structures  in  the  growth  the  term  bidermoma  has  been  applied; 
when  three  layers  are  present,  tridermoma.  Sometimes  these  masses 
contain  fully  formed  organs,  such  as  a jaw,  finger,  or  hand,  part  of  the 
thyroid  gland,  etc. 

Closely  related  to  the  dermoid  cysts  but  entirely  distinct  from  them 
are  the  so-called  traumatic  dermoids  which  develop  in  wounds.  These 
cysts  are  due  to  the  inclusion  of  the  epithelial  layers  of  the  skin  or  mucous 
membrane  within  the  healed  wound.  Klar  calls  them  epidermoids.2 * 

Parasitic  Cysts. — When  any  animal  organism,  capable  of  surviving  in 

1 See  Clark,  Progressive  Medicine,  June,  1902,  p.  223;  Anspach,  Proceed,  of 
Path.  Soc.  of  Phila.,  Nov.,  1903,  p.  209;  Lecene,  Annal  de  Gynecol,  et  d’Obst., 
Tan.,  1904,  p.  14;  Hue,  Rev.  Med.  de  Normandie,  July  25,  1904;  Lejars,  La  Sem. 
'Med.,  Sept.  21,  1904. 

2 Munch,  med.  Woch.,  April  19,  1904,  p.  705;  also  Dujarier  and  Lecene,  La 

Presse  Med.,  April  16,  1904,  p.  241. 
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the  tissues,  gains  ingress,  a cyst  commonly  results;  some  such  parasites 
inevitably  give  rise  to  cysts,  others  not  always.  Trichina,  when  settled, 
develop  a small  cyst  that  rapidly  becomes  calcareous.  (See  p.  191.)  Coc- 
cidia  invading  the  liver  induce  a similar  condition.  (See  p.  169.)  The 
most  important  parasitic  cyst  in  man,  so  far  as  our  present  knowledge 
goes,  is  the  hydatid.  This  cyst  arises  as  the  result  of  the  lodgment  of 
the  larvae  of  the  Taenia  echinococcus  in  the  tissues.  For  consideration 
of  the  forms  of  hydatid  cysts,  diagnosis,  and  demonstration  of  hooklets, 
and  for  illustrations,  see  p.  185. 

Cysticercus  Cellulosae,  the  larval  form  of  the  Taenia  solium,  gives 
rise  to  small  bladder-like  cysts,  which  may  be  widely  distributed.  In 
the  pig,  the  usual  intermediary  host,  the  cysts  are  about  the  size  of  a 
pea,  and  may  be  scattered  throughout  the  tissues,  producing  a condition 
commonly  known  as  “measled”  or  “measley”  pork.  (See  p.  183.) 
In  man  the  cysts  occur  in  the  muscles,  brain,  and  spinal  cord;  occasionally, 
they  may  be  recognized  by  the  ophthalmologist  in  the  chambers  of  the 
eye. 

Cysts  resulting  from  necrotic  and  degenerative  changes  in  solid  tissues 

include  the  cavities,  found  particularly  in  neoplasms,  and  brought  about 
by  hemorrhage,  liquefaction  necrosis,  and  other  forms  of  softening;1 
the  cavities  containing  fluid,  sometimes  observed  in  solid  organs,  such  as 
the  spleen  and  brain,  and  due  to  the  imperfect  removal  of  liquefied  areas 
resulting  from  infarction,  would  properly  be  classed  with  this  group. 
The  liquid  present  in  such  cysts  usually  contains  altered  blood  pigment 
produced  by  hemolysis,  and  granular  matter  resulting  from  cellular 
disintegration. 


1 See  page  242. 
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TEMPERATURE  CHANGES.1 

FEVER  AND  ITS  RELATIONS  TO  CERTAIN  INTOXICATIONS  AND 

INFECTIONS. 

The  temperature  of  the  human  body  remains  practically  constant, 
or  about  so,  at  370  C.  There  are  normally  for  each  individual  certain 
variations  above  or  below  the  mean  for  the  twenty-four  hours;  the  max- 
imum fall,  in  health,  rarely  exceeds  0.50  C.,  and  is,  for  most  persons, 
always  at,  or  near,  the  same  hour  of  the  day;  the  same  is  true  of  the  daily 
rise,  so  that  between  the  daily  maximum  and  minimum  there  is  com- 
monly about  i°  C.  of  fluctuation.  This  daily  curve  of  the  temperature 
follows  nearly  the  same  course  each  day,  so  that  the  maximum  is  reached 
between  4 and  6 p.  m.,  and  the  minimum  between  the  same  hours  a.  m.; 
this  cycle  for  any  given  individual  is  nearly  uniform,  but  no  two  persons 
are  likely  to  have  identical  thermic  curves.  Cases  are  occasionally  observed 
in  which  there  is  no  change  between  morning  and  evening  temperature — 
monothermia.  Less  frequently  the  morning  temperature  is  higher  than 
the  evening — thermic  inversion.2  It  is  not  probable  that  either  of  these 
is  a normal  condition,  and  when  present  an  explanation  should  be  sought 
on  the  assumption  that  some  influence,  such  as  malaria,  has  antagonized 
the  tendency  to  a morning  fall  in  the  body  temperature.  The  following 
table,  from  Thoma,  compiled  by  Jiirgensen  and  Liebermeister,  indicates 
the  usual  variations  in  body-temperature  at  different  hours  in  the  day: 


Time  of  Observation. 

Temperature  in 
the  Rectum. 

( Jiirgensen .) 

Temperature  in 
the  Axilla. 

( Liebermeister .) 

F. 

C. 

F. 

C. 

In  the  morning  in  bed 

(98°  ) 

36 

6° 

(97  ■ 

8°  ) 

36 

5° 

Before  breakfast 

(98.18°) 

36 

7° 

(98° 

) 

36 

6° 

After  breakfast 

(98.36°) 

36 

8° 

(98. 

7°  ) 

37° 

In  the  forenoon 

(98.8°  ) 

37 

i° 

(99- 

18°) 

37 

3° 

Before  lunch 

(99 . 1 8°) 

37 

3° 

(99° 

) 

37- 

2° 

After  lunch 

(99-360) 

37 

4° 

(99- 

18°) 

37- 

3° 

In  the  afternoon 

(99-5°  ) 

37 

5° 

(99- 

36°) 

37 

4° 

Before  dinner 

(99-7°  ) 

37 

6° 

(99° 

) 

3 7 

2° 

After  dinner 

(99.36°) 

37 

4° 

(98. 

8°  ) 

37- 

1° 

Before  going  to  bed 

(98.8°  ) 

3 7 

r° 

(98. 

36°) 

36. 

8° 

(98.7°  ) 

3 7° 

(98° 

) 

36 

6° 

During  the  night 1 

(98.36°) 

36 

8° 

(97- 

1 8°) 

36 

2° 

1 

(98.36°) 

36 

8° 

(97  • 

180) 

36. 

2° 

The  hypotheses  and  theories  presumed  to  explain  the  mechanism 
of  temperature  regulation  are  based  upon  certain  well-established 'facts. 

1 A very  full  bibliography  of  the  subject  is  given  by  Chantemesse  arid  Podwys- 
sotsky,  Les  Processus  Generaux,  1905,  vol.  ii,  p.  500. 

2 Gilbert  and  Lereboullet,  La  Presse  Med.,  July  22,  1905,  p.  457. 
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Heat,  representing  cellular  or  tissue  activity,  is  generated  within  the 
body  by  the  oxidation  of  supplied  or  stored  food,  or  of  the  tissues  them- 
selves, is  distributed  largely  by  the  blood,  and  is  lost  chiefly  from  the  skin 
and  respiratory  mucous  membrane.  The  regulation  of  the  body-tempera- 
ture must  be  through  means  addressed  to  one  of  three  agencies:  heat 
production,  distribution,  or  dissipation. 

Heat  production  occurs  in  every  organ  and  tissue,  but  the  greatest 
thermogenic  activity  is  manifested  in  the  muscles,  including  the  heart, 
and  in  the  large  glandular  viscera,  especially  the  liver.  The  greatest 
heat  production  occurs  in  the  voluntary  muscles,  including  those  of 
respiration.  The  heart  muscle  is  presumed  to  afford  a considerable 
supply  of  heat  in  the  same  manner  as  the  other  muscles,  and,  in  addition, 
transmits  force,  which  is  indirectly  converted  into  heat  by  the  friction 
of  blood  against  the  cardiac  walls  and  also  against  the  walls  of  the  arteries 
and  capillaries,  through  the  resistance  of  which  the  blood-pressure  is 
largely  maintained.  The  fact  that  the  blood  rises  in  temperature  after 
passing  through  the  liver  is  not  surprising  when  the  remarkable  glandular 
activity  of  that  organ  is  taken  into  consideration. 

The  distribution  of  the  blood  is  profoundly  influenced  by  the  nerves 
supplied  to  the  arterioles,  and,  as  the  dissipation  of  heat  is  largely  de- 
pendent upon  the  distribution  of  the  blood,  the  influence  of  vascular  in- 
nervation upon  heat  loss  is  one  of  the  most  important  elements  to  be 
estimated.  Exactly  what  determines  the  action  of  the  vasomotor 
nerves  in  the  regulation  of  temperature  is  one  of  the  unsolved  problems 
in  normal  and  morbid  physiology.  It  would  appear  that  there  is  some- 
where a center,  possibly  more  than  one,  that  presides  over  the  body 
temperature  by  regulating  heat  dissipation  at  least,  if  not  its  produc- 
tion, but  probably  both.  The  theory  of  heat  regulation  by  the  nerves 
implies  a heat-regulating  center  (thermotactic  center),  with  nerves  con- 
trolling heat  production  (thermogenic  nerves),  nerves  controlling  heat 
dissipation  (thermolytic  nerves),  and,  possibly,  nerves  that  influence  heat- 
producing  tissues  in  a way  antagonistic  to  the  thermogenic  nerves  (thermo - 
inhibitory  nerves).  This  complicated  system  is  assumed  to  have  its  center 
in  the  medulla;  this  center,  acted  upon  by  certain  agents,  manifests 
disturbance  through  the  fibers  of  some  of  the  nerves  indicated.  In  addi- 
tion to  one  center,  or  possibly  more,  in  the  brain  or  the  medulla,  there 
may  be  in  the  cord,  or  even  in  the  larger  ganglia,  subsidiary  centers  in- 
fluencing a region,  or  regions,  only.  While  the  theory  of  heat  regulation 
by  the  nervous  system  may  be  considered  far  from  demonstrated,  the 
facts  that  no  attempt  at  heat  regulation  is  made  in  animals  possessing 
an  indifferently  evolved  nervous  system;  that  lesions  affecting  certain 
parts  of  the  higher  evolved  nervous  system  are  followed  by  alterations  in 
temperature  regulation;  and  that  the  temperature,  both  normal  and  ab- 
normal, may  at  times  be  influenced  by  hypnosis,  would  each  seem  to 
indicate  relations  between  heat  regulation  and  the  nervous  system  that 
cannot  be  ignored.  The  production  of  heat  by  the  oxidation  of  food 
and  of  tissue  elements,  the  distribution  of  the  heat  generated,  and  its 
final  dissipation,  are  complicated  phenomena  that,  with  our  existing 
knowledge,  can  be  but  imperfectly  contemplated. 

Hypothermia  (Subnormal  Temperature). — A temperature  below  the 
mean  normal  of  the  active  period  of  life  occurs  in  some  forms  of  anemia, 
and  in  myxedema,  chronic  heart-disease,  and  cancer,  follows  shock 
and  severe  hemorrhage,  is  present  in  some  forms  of  exhaustion  or  ady- 
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namia,  and  frequently  succeeds  marked  elevations  of  temperature, 
particularly  if  prolonged;  thus,  after  typhoid  fever  and  pneumonia 
a period  of  subnormal  temperature  is  often  seen.  Starvation  or  pro- 
longed exposure  to  low  temperatures,  or  the  two  combined,  may  give 
rise  to  a reduction  in  the  body-temperature.  The  explanation  of  this 
condition  lies  probably  in  the  lessened  heat  production,  although  in- 
stances occur — as  in  the  occasional  cases  of  great  cutaneous  activity 
after  hemorrhage  and  shock,  and  in  cases  of  exposure  to  extremely 
low  temperatures — in  which  heat  loss  is  excessive;  such  a source  for 
subnormal  temperature,  however,  is  not  common.  The  reduction  of 
temperature  may  also  be  caused  by  the  circulation  of  certain  poisons  in 
the  blood,  as  in  diabetes,  in  which  the  temperature  may  sink  50  C.  or  even 
more.  In  this  condition  both  heat  production  (thermogenesis)  and  heat 
dissipation  (thermolysis)  are  probably  at  fault,  the  control  and  equalization 
of  the  two  by  the  thermotactic  power  having  been  perverted  by  the  in- 
fluence of  a noxious  agent  circulating  in  the  blood. 

Pyrexia. — Under  certain  conditions  there  arises  a chain  of  phenomena 
which  the  clinician  recognizes  as  fever.1  There  is  disturbance  of  a number 
of  functions:  appetite,  secretion  and  excretion,  the  circulation,  respira- 
tion, and,  in  many  cases,  the  central  nervous  system,  show  marked 
perturbation.  With  one  or  more  of  these  phenomena  there  occurs  the 
one  constant  element  of  fever — elevation  of  temperature  (hyperthermia). 
In  moderate  cases  the  temperature  reached  may  not  exceed  390  C. ; 
in  more  severe  cases  it  may  reach  41 0 C.,  and  in  grave  cases  may  go 
beyond  420  C.  Temperatures  exceeding  550  C.  have  been  observed. 

Causes. — Prolonged  exposure  of  a warm-blooded  animal  to  a temper- 
ature in  excess  of  its  normal  commonly  induces  hyperthermia.  The 
rapidity  of  occurrence  and  the  degree  of  hyperthermia  are  dependent 
upon  the  height  of  the  temperature  to  which  the  animal  is  exposed,  and 
are  influenced  by  the  medium  through  which  the  heat  is  applied.  The 
temperature-rise  is  most  marked  if  the  animal  be  submerged  in  water; 
next  in  point  of  efficiency  is  air  containing  abundant  moisture,  while 
dry  air  is  least  efficient.  Absence  of  moisture  lessens  the  probability 
of  the  occurrence  of  hyperthermia,  and  individuals  may  be  subjected 
to  comparatively  high  temperatures  in  dry  air  and  yet  escape  heat- 
stroke. In  many  of  the  industries  laborers  are  exposed  for  a varying 
period  of  time  to  comparatively  high  temperatures;  if  such  exposure  be 
prolonged  or  if  moisture  be  present,  heat-stroke  may  ensue. 

Hyperthermia  may  be  produced  by  diseases  or  injuries  of  the  central 
nervous  system;  puncture  of  the  corpus  striatum,  many  indefinite  lesions 
of  the  bulb,  occasionally  certain  cortical  irritations  and  injuries  of  areas 
in  the  upper  cervical  cord  may  be  followed  by  hyperthermia.  Aronsohn 
and  Sachs  found  that  puncture  in  the  anterior  median  portion  of  the 
corpus  striatum  gave  rise  to  hyperthermia.  Hale  White  has  recorded  two 
cases  of  hemorrhage  into  the  corpus  striatum  associated  with  a rise  of 
temperature,  most  marked  on  the  opposite  side  of  the  body,  lasting  in 
one  case  four  days,  and  in  the  other,  twelve  days. 

There  can  be  no  doubt  that  the  most  important  causes  acting  in 
fever  production  are  bacteria  and  their  products.  That  the  germs  are 
not  the  essential  element  may  be  shown  by  the  production  of  artificial 

1 Beitzke,  Berl.  klin.  Woch.,  1907,  xxxiii,  p.  no;  MacCallum,  Arch.  Intern. 
Med.,  Jan.,  1909;  Vaughan,  Wheeler  and  Gidley,  Jour.  Amer.  Med.  Assoc.,  Aug. 
21,  1909,  p.  629. 
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temperature-rises  by  the  injection  into  animals  of  filtered  and  also  of 
sterile  cultures  of  certain  bacteria.  The  introduction  of  preformed  poisons 
into  the  system  gives  rise  to  a chain  of  symptoms,  the  condition  being 
termed  an  intoxication . 1 

The  febrile  and  other  disturbances  associated  with  the  microbic 
intoxications  are  not  purely  the  outcome  of  laboratory  experiment,  but 
constitute  important  clinical  phenomena.  The  symptoms  of  some  of  the 
infections  are  purely  the  evidence  of  intoxications.  In  diphtheria  the 
bacillus  may  be  limited,  even  in  fatal  cases,  to  proliferation  on  the  surface 
of  the  mucosa;  many  of  the  symptoms,  and  all  the  lesions  occurring  else- 
where than  at  the  point  of  growth,  result  from  the  dissemination  of  the 
toxin  through  the  lymphatics  and  its  distribution  eventually  by  the  blood. 
A simpler  example  of  pure  microbic  intoxication,  one  frequently  cited, 
is  the  infection  of  a blood-clot  in  the  uterus  following  labor.  The  bacteria 
generating  the  poison  in  the  blood-clot  may  never  gain  ingress  to  the  living 
uterine  tissues,  much  less  to  the  circulation,  but  the  products  of  microbic 
life  pass,  by  absorption,  into  the  blood,  through  which,  directly  or  in- 
directly, they  induce  the  phenomena  of  intoxication.  A retained  blood- 
clot  between  the  flaps  in  a recent  amputation,  becoming  infected,  acts  in 
a similar  manner.  reason  of  this  danger,  in  addition  to  its  mechanical 
interference  with  healing,  surgeons  recognize  the  necessity  of  avoiding 
“dead  spaces”  in  which  infection  may  be  favored  by  lessening  the  pro- 
tective influence  of  living  tissues.  Commonly,  the  organisms  active  in  the 
production  of  bacterial  intoxications  are  pathogenic  in  the  true  sense 
of  the  word.  It  is  not  to  be  forgotten,  however,  that  bacteria  normally 
unable  to  infiltrate  living  tissues,  and  hence  properly  classified  with  non- 
pathogenic  organisms,  may  pullulate  in  dead  tissue,  and  may  elaborate 
poisons  the  absorption  of  which  gives  rise  to  grave  intoxications.  The 
intoxication  resulting  from  the  absorption  of  microbic  products  is  known 
as  septic  intoxication,  or  sapremia,  and  the  element  absorbed — the  bacterial 
product — is  termed  pyrogenous.  A peculiar  fact,  often  observed,  is  that 
in  the  brain  the  products  of  bacterial  life  may  not  induce  fever.  This  may 
be  explained  in  a number  of  ways.  Growing  on  different  culture  media, 
bacteria  produce  alkaloids  with  varying  pyrogenous  activity,  and  in  the 
brain-tissues  the  activity  or  character  of  the  microbic  toxin,  by  reason  of 
some  peculiarity  in  the  pabulum  supplied,  may  be  changed;  the  very  fact 
that  the  abscess  involves  brain-tissue,  and  that  the  same  may  be  potential 
in  controlling  temperature  or  in  modifying  it,  may  make  the  accident  of 
location  a determining  factor  in  its  influence  on  body- temperature.  Again, 
evidence  is  not  wanting  to  show  that  dissemination  of  poisons  is  less  rapid 
by  absorption  through  brain-tissue,  and  this  may  in  part  explain  the 
absence  of  fever  in  some  cerebral  abscesses;  it  fails,  however,  to  offer  any 
reason  for  the  subnormal  temperature  at  times  observed. 

The  production  of  pyrogenous  substances  by  animal  parasites  is 
well  illustrated  by  the  peculiar  febrile  phenomena  of  malaria.  Experi- 
mental research  into  the  exact  nature  of  the  fever-producing  body  elabo- 
rated by  such  organisms  as  the  malarial  parasite  has  not  afforded  any 
satisfactory  conclusion,  nor  have  we  much  to  hope  for  in  this  direction 
until  it  becomes  possible  to  study  the  parasite  in  artificial  culture.  It  is 
commonly  believed  that  during  the  segmentation  of  the  protozoon  there 
is  elaborated  a poison  that  brings  about  the  rise  in  temperature.  While 
such  a view  may  be  satisfactory,  in  a sense,  it  is  necessary  to  remember 

1 See  page  31. 
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that  the  mere  destruction  of  blood-cells  may  bring  about  fever,  and  when 
it  is  recognized  that  in  malaria  this  process,  hemolysis,  is  particularly 
active,  we  cannot  ignore  the  possibility  of  its  bearing  something  more  than 
an  associated  relation  with  the  fever  present. 

Intoxications  arise,  however,  without  the  intervention  of  micro- 
organisms, either  animal  or  vegetable.  In  cocain-,  strychnin-,  and 
brucin-poisoning,  and  following  the  introduction  into  the  circulation  of 
certain  animal  poisons,  as  from  snake-bites,  stings  of  scorpions,  etc., 
typical  intoxications  occur.  Not  in  all  of  these  is  there  elevation  of 
temperature. 

In  addition  to  the  toxic  bodies  introduced  from  without — such  as 
those  just  mentioned,  and  among  which  may  be  included  mussel-poison- 
ing— intoxications  may  arise  from  poison  generated  within  the  body — • 
direct  and  indirect  auto -intoxications.1  The  latter  include  enterosepsis,  or 
copremia,  an  intoxication  occurring  from  the  retention  of  intestinal  con- 
tents, as  in  chronic  constipation.  The  toxic  material  here  is  not  wholly 
a microbic  product,  nor  is  it  entirely  the  result  of  retention  and  absorption 
of  noxious  agents  of  purely  animal  origin,  but  is  far  more  complex, 
including  poisons  derived  from  both  sources. 

There  is  another  source  of  fever-producing  or  pyrogenous  material 
in  tissue  dissolution  and  in  the  formation  of  certain  exudates;  the  exudates 
thrown  out  in  the  process  of  repair,  during  the  formation  of  blood-clots — 
as  around  fractured  bones  and  under  similar  conditions — contain  some 
agent  that,  by  absorption,  produces  elevation  of  temperature.  The 
chemistry  and  even  the  identity  of  the  body  is  still  a matter  for  speculation. 
Brieger  noted  the  constant  association  of  fever  and  fibrin  formation,  and 
surmised  that  both  depended  upon  the  presence  of  the  ferment  presumed 
to  cause  the  separation  of  the  liquor  sanguinis  into  fibrin  and  serum;  this 
view  has  been  generally  accepted.  But  numerous  observations  go  to 
show  that  disintegration  of  other  substances  than  the  plasma  can  be 
attended  by  the  liberation  of  disintegrative  endogenous  poisons.  The 
rise  of  temperature  that  follows  a surgical  operation,  the  fracture  of  a 
bone,  or  an  interstitial  hemorrhage  is  presumed  to  be  due  to  pyrogenous 
materials  produced  in  the  way  just  indicated.  These  fevers — surgical 
aseptic  fevers — are  not  usually  classed  with  the  intoxications,  although 
it  is  evident  that  they  are  essentially  of  that  nature. 

Local  Infections. — In  sapremia  the  poisons  generated  by  the  bac- 
teria are  elaborated  outside  of  living  tissues,  and  in  septicemia  the  toxic 
bodies  are  derived  from  bacteria  in  the  blood.  Intermediate  between 
these  are  the  local  tissue  infections,  in  which  the  bacteria  invade  living 
tissue,  from  which  the  microbic  poisons  are  absorbed  into  the  circulation, 
either  directly,  through  the  capillary  walls,  or  indirectly,  by  the  lymphatics. 
In  diphtheria  the  bacteria  may  reside  on  the  surface  of  the  mucosa  only; 
the  toxins  disseminating  beyond  and  inducing  necrosis — more  dead 
tissue — into  which  the  bacteria  grow.  In  some  cases,  however,  the  germs 
pass  the  dead  membrane  and  infiltrate  the  livdng  tissues;  there  is  then  a 
local  infection  of  living  tissues  as  well  as  a growth  in  the  dead,  or  necrotic, 
adjacent  structures.  Erysipelas,  abscess  formatioxi,  the  initial  lesion  of 
anthrax,  and,  under  similar  conditions,  many  infections  are  in  part — 
primarily,  at  least — but  local  infections,  with  dissemination  or  absorption 
of  the  microbic  products  giving  rise  to  the  phenomena  of  an  intoxication, 
the  blood  escaping  actual  invasion  by  the  bacteria.  The  local  infections, 

1 See  classification  of  poisons  and  intoxications,  p.  32. 
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with  systemic  symptoms  due  to  the  absorption  of  toxins  produced  in  the 
living  tissues,  stand  intermediate  between  pure  intoxications,  such  as 
sapremia,  and  the  mycoses  of  the  blood. 

Any  infection,  whether  localized  or  widely  diffused,  may  be  simple : 
that  is,  single,  or  due  to  but  one  germ,  as  a pure  or  simple  infection  by 
the  streptococcus  of  erysipelas.  A simple  or  single  infection  may  be 
followed  by  the  introduction  of  a second  germ;  the  additional  infection 
is  known  as  a secondary  infection.  As  an  example  of  the  last-named 
condition  may  be  mentioned  the  infection  of  a tuberculous  area  with 
an  organism  of  suppuration.  A secondary  infection  may  be  followed 
by  a tertiary  infection,  and  so  on.  Again,  a number  of  infections  may 
occur,  so  far  as  we  can  determine,  at  one  time;  the  process  is  then  said 
to  be  mixed  infection  or  concurrent  infections.  It  is  interesting  to  note  that 
in  the  mixed  and  secondary  infections  it  is  not  necessary  that  all  of  the 
bacteria  present  should  belong  to  the  pathogenic  class.  If  one  of  the 
microbes  be  disease-producing  and  lead  to  tissue  necrosis,  the  secondary 
infection  may  be  by  a saprophyte  living  upon  the  dead  tissue  resulting 
from  the  necrotic  processes  induced  by  the  pathogenic  organism.  As  a 
rule,  mixed  and  secondary  infections  are  more  grave  than  simple  infec- 
tions, because  the  additional  ferments  produced  by  the  second  germ  can 
but  intensify  the  dangers  to  which  the  patient  is  subjected. 

The  fact  that  nonpathogenic  bacteria  live  and  produce  noxious 
elements  in  the  necrotic  tissues  produced  by  pathogenic  bacteria  renders 
it  possible  to  appreciate  how  dead  tissue,  or  tissue  with  its  protective 
powers  in  a state  of  abeyance,  as  after  extensive  bruising  or  laceration, 
may  permit  the  growth  of  bacteria  that,  in  less  injured  tissues  or  in 
healthy  structures,  would  immediately  succumb  to  the  protective  powers 
of  the  animal.  For  these  reasons  injured  structures  and  tissues  with 
greatly  reduced  nutrition  may  need  a protection  from  infection  not 
demanded  by  healthy  tissues. 

Bacteremia.  Mycoses  of  the  Blood. — In  this  condition  the  bacteria 
multiply  in  the  circulating  blood,  in  which  their  products  are  gener- 
ated. The  intensity  of  the  septic  phenomena  is  augmented  by  the 
greater  production  of  the  poison,  and,  not  having  even  the  barrier  of 
protection  afforded  by  the  necessity  of  osmosis  or  absorption,  they  are 
enabled  to  engender  lesions  not  presumed  to  occur — at  least,  not  to  the 
same  extent — in  either  sapremia  or  local  infection.  The  path  of  infection1 
may,  as  in  surgical  sepsis  and  puerperal  cases,  be  self-evident.  In  other 
instances  it  is  impossible  to  determine  exactly  by  what  route  the  infecting 
organism  entered  the  circulation;  to  this  latter  group  Leube  gave  the 
name  cryptogenic  sepsis.  The  term  septicemia  was  meant  to  cover,  prob- 
ably, some  local  infections,  as  well  as  mycotic  invasion  of  the  blood,  but 
particularly  infection  of  the  blood  by  the  organisms  of  suppuration.  That 
the  common  pyogenic  bacteria  are  not  the  exclusive  source  of  septicemia 
is  shown  by  the  reported  instances  of  clinically  typical  cases  of  the  disease, 
without  the  presence  of  the  pyogenic  cocci,  but  resulting  from  the  action 
of  other  bacteria,  as  the  diplococcus  of  pneumonia,  Bacillus  typhosus, 
colon  bacillus,  Bacillus  pyocyaneus,  and  other  organisms.  The  mi- 
crobes not  only  proliferate  in  the  blood,  but  also,  in  occasional  cases,  are 
found  pullulating  on  the  walls  ( mural  implantation)  of  some  part  of  the 
circulatory  system,  as  the  valves  of  the  heart  in  ulcerative  or  malignant 
endocarditis.  This  colonization  on  the  walls  of  the  blood-vessels,  heart, 

1 See  page  50. 


TEMPERATURE  CHANGES. 


373 


sinuses,  etc.,  may  lead  to  the  development  of  thrombi;  and  from  these, 
emboli ; or,  possibly,  massing  of  elements  in  the  blood  may  lead  to  emboli — 
emboli  formed  in  transit.  The  last  is  a questionable  hypothesis.  The 
emboli  formed  in  blood,  and  containing  bacteria,  are,  of  course,  septic, 
and  at  their  point  of  lodgment  engender  the  changes  already  considered 
when  discussing  embolism.  The  embolic  production  of  an  abscess,  or  of 
abscesses,  is  the  essential  element  of  pyemia,  a disease  recognized  by  sur- 
geons as  septicemia  plus  the  infected  emboli  to  which  are  attributed 
the  metastatic  abscesses.  (See  Thrombosis  and  Embolism,  pp.  263 
and  271.) 

The  fever  that  accompanies  septic  processes  is  peculiar,  in  that 
remarkable  exacerbations  usually  occur  daily;  and,  in  the  graver  forms, 
on  account  of  the  addition  of  repeated  rigors  or  chills.  Rigors  are  not 
restricted  to  septic  processes,  but  occur  also  after  hemorrhage,  occasionally 
after  shock,  and  as  a poorly  understood  purely  nervous  manifestation; 
they  constitute  the  most  marked  phenomenon  of  the  malarial  paroxysm. 

During  the  cold  stage,  or  chill,  there  is  a determination  of  the  blood 
to  the  large  glandular  viscera  and  venous  trunks;  the  skin  is  thus  de- 
prived of  its  normal  heat  by  the  deficiency  of  its  blood-supply,  and 
cooling  of  cutaneous  nerves  affords  the  explanation  for  the  patient’s 
sense  of  intense  chilliness.  That  the  low  temperature  is  purely  a cutane- 
ous phenomenon  is  shown  by  the  thermometer.  If  the  temperature  be 
obtained  in  such  a way  as  to  estimate  the  actual  blood-heat — as  in  the 
rectum,  mouth,  or  axilla — preventing  heat  dissipation  at  the  point  at 
which  the  temperature  is  being  taken,  the  temperature  is  found  to  be 
above  the  normal.  The  deficiency  of  the  cutaneous  circulation  lessens  heat 
dissipation,  and  probably  at  the  same  time  heat  production  is  increased. 
Certainly,  in  some  fevers  there  is  an  increase  of  heat  production,  as  abun- 
dant evidence  is  not  wanting  to  show  that  heat  dissipation  may  be  greater 
than  normal,  and  yet  that  elevation  of  temperature  may  persist — a condi- 
tion impossible  without  persistent  overproduction.  The  rigors  associated 
with  reduction  of  surface  temperature  due  to  the  exposure  of  the  body 
to  a medium  the  temperature  of  which  is  low,  appear  to  be  reflex  phe- 
nomena, brought  about  by  an  attempt  on  the  part  of  the  economy  to  pro- 
duce more  heat  in  response  to  the  recognized  surface  fall.  They  are  to  a 
certain  extent  under  the  control  of  the  will.  The  amount  of  temperature 
reduction  necessary  to  the  production  of  a rigor  is  usually  not  over  from  o.  50 
to  i°  C.  It  is  interesting  to  observe  that  in  pyrexia  a chill  results  when- 
ever the  surface  temperature  is  from  0.50  to  i°  C.  lower  than  the  internal 
temperature.  After  persisting  a varying  length  of  time,  the  chill  ends 
by  a return  of  the  blood  to  the  skin,  and  usually  rapid  heat  dissipation, 
though  by  no  means  always,  followed,  in  most  cases,  by  a marked  decline  in 
body-temperature. 

The  acme  or  fasti gium  of  fever  may  be  quickly  reached;  its  duration 
may  be  brief,  or,  in  other  cases,  the  fever  may  persist  at  about  the  same 
point  for  a considerable  length  of  time,  usually  showing  slight  matinal 
and  vesper  oscillation.  The  fever  may  disappear  within  a few  hours  ( crisis ) 
or  may  gradually  subside,  requiring  many  days  (lysis). 

Whether  preceded  by  a chill  or  not,  the  acme  of  the  temperature- 
rise  is  commonly  followed  by  a progressive  decline,  associated  with 
hyperactivity  of  the  emunctories,  particularly  the  skin.  This  gradual 
decline  usually  begins  in  the  afternoon  or  early  evening  and  progresses 
through  the  night,  with  the  early  morning  temperature  the  lowest,  the 
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rise  beginning  at  this  time  and  reaching  its  height  during  the  afternoon. 
During  the  twenty-four  hours  the  fever  may  disappear,  only  to  reappear 
m a few  hours;  this  type  is  said  to  be  intermittent.  In  the  remittent 
type  there  is  more  or  less  marked  remission,  but  no  period  of  complete 
apyrexia. 

The  active  causes  producing  this  rhythmic  alteration  in  temper- 
ature are  obscure.  It  is  maintained  that  the  accumulation  of  pyrog- 
enous  material,  and  its  tendency  toward  fever  production  in  the  system, 
is  at  first  compensated  by  the  thermotactic  powers;  eventually,  the  failure 
to  excrete-  the  poison  as  rapidly  as  produced  permits  of  such  excessive 
accumulation  that  the  heat-regulating  forces  are  inadequate  to  the  task 
of  maintaining  a constant  temperature.  This  is  followed  by  a rise,  which 
continues  until  the  exhausted  centers — which  normally  responded  to 
slight  temperature  variations  by  adjustment  of  the  mechanism  between 
heat  production  and  heat  dissipation — respond  to  the  more  urgent 
demand  for  treat  dissipation  by  a pseudocrisis,  during  which  the  tempera- 
ture falls.  The  depressed  or  exhausted  center,  not  responding  to  the 
slight  changes  that  would  affect  it  in  health,  now  permits  another  accumu- 
lation of  heat,  which  again  sets  it  off,  the  process  being  repeated  day  after 
day  as  long  as  the  pyrogenous  material  is  thrown  into  the  circulation. 

Paradoxic  Pyrexia. — None  of  the  hypotheses  at  present  available 
explains  satisfactorily  the  occurrence  of  what  Dr.  Savage  has  called 
“mad  calorific  areas.”  Such  a condition  is  illustrated  by  a case  re- 
ported by  Knowling,  in  which  at  one  time  the  temperature  was  99. 40  F. 
in  the  left  axilla  and  105°  F.  in  the  right.  An  explanation  that  at  once 
suggests  itself  is  that  vascular  dilatation  on  one  side  of  the  body  or  in 
a certain  area  permits  ready  access  of  the  blood  coming  from  the  viscera, 
resulting  in  higher  temperature,  while  a less  active  peripheral  circulation 
in  other  parts  of  the  body  to  a certain  extent  conceals  the  internal  hyper- 
thermia. Often  there  is  no  evidence  of  such  vascular  dilatation,  and 
in  the  absence  of  phenomena  that  would  favor  this  conclusion  it  would 
probably  be  wrong  to  accept  it  as  final. 

It  has  been  held  that  thermolysis  may  be  increased  upon  the  opposite 
side,  and  hence  the  temperature-rise  is  marked  upon  the  side  in  which 
thermolytic  activity  is  diminished.  With  regard  to  this  theory  and  to 
the  opinion  previously  given,  it  can  only  be  said  that  both  are  speculative, 
and  that  neither  rests  upon  a basis  of  fact  that  would  justify  us  in  formulat- 
ing a definite  opinion  at  this  time.  Vogel1  observed  that  occasionally 
inflammatory  diseases  affecting  one  lung  were  attended  by  a temperature 
perceptibly  higher  in  the  axilla  of  the  corresponding  side  than  in  the  oppo- 
site arm-pit.  It  is  possible  that  the  elevated  temperature  upon  the 
affected  side  is  the  immediate  result  of  direct  conduction,  although  this  is 
not  likely.  Marked  dilatation  of  the  vessels  of  the  axilla  or  neighboring 
pleura  results  in  a larger  blood  flow  which,  with  disturbed  radiation  and 
conduction,  accounts  for  the  locally  increased  heat. 

With  the  rise  in  temperature  certain  circulatory  phenomena  manifest 
themselves.  Thus,  for  every  degree  Fahrenheit  (0.550  C.)  that  the  body- 
temperature  rises,  the  pulse-rate  is  increased  about  ten  beats.  This 
observation  is  approximately  correct  for  elevations  of  temperature 
within  two  or  three  degrees,  but  with  higher  temperatures  a greater 
rise  occurs;  Liebermeister  showed  that,  for  the  i°  C.  above  410  C.,  the 
number  of  heart-beats  increased  27. 

1 Munch,  med.  Woch.,  Sept.  8 to  29,  1908. 
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During  the  earlier  stages  of  fever  the  blood-pressure  is  likely  to  rise 
also,  but  the  early  relaxation  of  the  vasomotor  nerves — probably  due 
to  exhaustion,  degenerative  changes,  or  inefficient  nutrition — is  fol- 
lowed by  a fall  in  blood-pressure.  More  important  than  the  disturbance 
of  blood-pressure,  although  no  doubt  largely  due  to  the  same,  is  the 
change  in  the  blood  distribution;  in  fever  the  latter  often  varies  greatly, 
as  already  stated  when  considering  the  dissipation  of  the  abnormal 
heat.  The  large  glandular  viscera  are  not  infrequently  perceptibly 
altered  by  the  increased  amount  of  blood  sent  to  them,  and  by  its  relative, 
if  not  absolute,  stagnation  in  their  interior. 

Blood  Changes. — The  blood  is  materially  lessened  in  nutritive  value, 
partly  as  a result  of  the  interference  with  assimilation,  both  primary 
and  secondary,  and  partly  from  the  destruction  of  the  blood  elements. 
The  hemolysis  is  not  usually  manifest  until  the  fever  subsides,  not^hav- 
ing  been  marked  previously  by  reason  of  the  concentration  of  the  blood, 
so  that  a blood  examination  during  the  height  of  the  fever  fails  to  disclose 
the  loss  of  globular  elements  until,  by  dilution,  after  the  fever  has  dis- 
appeared, the  oligocythemia  and  oligochromemia  become  apparent. 

Changes  in  Organs. — In  considering  alterations  that  occur  in  the 
tissues  we  are  at  once  confronted  with  the  difficult  task  of  differentiating 
lesions  that  are  due  to  the  febrile  process  alone  from  lesions  that  are 
dependent  upon  the  action  of  poisonous  agents — such  as  toxins,  etc. — 
that  were  themselves  etiologic  factors  in  the  production  of  the  fever. 
It  is  not  improbable  that  many  of  the  tissue  alterations  attributed  to  the 
rise  in  temperature  alone  are  truly  dependent  upon  the  action  of  the 
poisons  that  brought  about  the  fever.  In  addition  to  the  changes  in  the 
blood,  other  tissues  show  marked  alteration.  The  large  glandular  viscera, 
particularly  the  liver  and  kidneys,  exhibit  cloudy  swelling;  a similar 
change  occurs  in  the  muscles,  the  heart  often  manifesting  granular  al- 
teration of  its  fibers  to  the  highest  degree.  Hyaline  change  in  the  muscles 
has  also  been  observed.  The  adipose  tissues  sooner  or  later  show  wasting, 
and  the  nerve  elements  evince  the  granular  and  pigment  alterations 
incident  to  exhaustion.  The  mucous  membranes,  that  of  the  alimentary 
canal  in  particular,  present  granular  and  fatty  changes.  Many  of  the  tis- 
sue changes  may  arise  from  contact  with  the  poisons  circulating  in  the 
blood;  others  are  possibly  due  to  the  accompanying  elevation  of  tempera- 
ture and  to  associated  disturbances  of  nutrition. 

The  urinary  changes  in  fever  are  often  conspicuous;  the  output  is 
usually  scanty  and  high  colored,  contains  an  excess  of  potassium  salts, 
a total  increase  in  nitrogen,  and  frequently  a notable  reduction  in  the 
chlorids.  In  addition  to  increased  toxicity  resulting  from  abnormal 
richness  in  salts,  especially  those  of  potassium,  poisons  due  to  perversion 
of  protein  metabolism  and  possibly  noxious  bodies  primarily  derived 
from  bacteria  are  also  excreted.  Few  febrile  processes  are  intense  with- 
out the  presence  of  albumin  in  the  urine.  Casts  are  also  frequently 
found. 

Beneficence  of  Pyrexia.1 — Experimental  evidence  has  seemed  to 
demonstrate  that  a rise  in  the  body-temperature  may  be,  in  certain  in- 
fections, distinctly  beneficial.  In  pneumococcous  infection  it  has  been 
found  that  resistance  is  increased  by  maintaining  the  animal  at  a tem- 

1 Lowy  and  Richter,  Berlin,  klin.  Woch.,  1897,  No.  9;  also  Centralbl.  f.  inn. 
Med.,  July  17,  1897;  Lowit,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Dec.  15,  1898; 
Beniasch,  Zeit.  f.  klin.  Med.,  Bd.  xlv,  Hefte  1 u.  2. 
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perature  between  410  and  41. 50  C.  Similar  results  have  been  obtained 
with  the  streptococcus  of  erysipelas  and  with  a few  other  organisms. 

Roily  and  Meltzer1  have  shown  that  phagocytosis  increases  in  activity 
as  the  temperature  rises  from  normal  to  40°  C.,  after  which  it  regresses. 
They  have  also  demonstrated  experimentally  that  the  production  of  agglu- 
tinins and  bacteriolysins  is  more  active  in  hyperthermic  animals  than  in 
normal  controls.  It  is  well  known  that  the  velocity  of  chemical  change  is 
greatly  increased  by  slight  temperature  elevation  and  applying  this 
knowledge  to  present  conceptions  of  antibody  production  and  action  it  is 
evident  that  fever,  not  otherwise  injurious,  might  be  of  conspicuous  value. 
Maxwell2  has  demonstrated  that  nerve  impulse  is  accelerated  by  moderate 
rise  in  temperature.  Graham  Brown  has  shown  that  the  friction  resulting 
from  blood  flowing  through  tubes  is  lessened  at  fever  heat.  Should  further 
research  establish  the  correctness  of  these  experiments,  it  is  not  impossible 
that  we  may  have  to  revise,  indeed  reverse,  our  views  as  to  the  essential 
etiologic  factors  active  in  fever  production.  Thus,  it  may  be  shown 
that  leukolysis  and  liberation  within  the  body-fluids  of  antimicrobic 
substances  belong  to  the  protective  phenomena,  and  that  these  bodies  can 
bring  about  the  elevation  of  temperature,  which  is  itself  a part  of  the 
reaction  by  which  immunity  is  evolved.  Investigations  directed  along 
this  line  may  show  that  the  temperature-rise  accompanjdng  the  malarial 
paroxysm  is  the  cause  of  sporulation,  and  that  the  latter  is  not  the  cause 
of  fever,  as  at  present  is  held.  In  the  existing  state  of  our  knowledge 
such  suggestions  can  scarcely  be  dignified  by  calling  them  even  hypotheses ; 
the  fact  that  fever  accompanies  infection — indeed,  seems  to  be  its  most 
constant  companion — demands  a better  explanation  than  is  at  present 
available.  All  are  agreed  that  leukocytosis  is  beneficent  and  it  is  equally 
likely  that  fever,  within  proper  bounds,  is  a systemic  reaction  directed 
toward  ridding  the  economy  of  some  deleterious  substance.  Like  other 
reactions  it  may  be  excessive;  it  is  generally  agreed  that  temperatures 
of  40°  C.  approach  the  critical  point  and  that  41 0 C.  had  best  be  treated  as 
potentially  dangerous. 

1 Deut.  Arch.  f.  klin.  Med.,  xciv,  1908. 

2 Jour.  Biol.  Chem.,  Oct.,  1907. 


PART  II. 


SPECIAL  PATHOLOGY. 


PART  II -SPECIAL  PATHOLOGY. 


CHAPTER  I. 

THE  BLOOD.1 

TECHNIC  OF  BLOOD  EXAMINATION. 

Examination  of  the  Blood. — Blood  is  examined  microscopically  to 
determine  the  number  and  character  of  the  corpuscles  and  their  relative 
proportion,  and  the  presence  or  absence  of  parasites,  either  vegetable  or 
animal.  Examination  in  the  fresh,  unstained  condition  should  be  fol- 
lowed by  a study  of  stained  specimens.  Estimation  of  the  hemoglobin 
is  also  of  the  greatest  importance. 

Obtaining  the  Blood. — The  lower  part  of  the  lobe  of  the  ear  or  the 
tip  of  the  ring-finger,  because  of  their  accessibility,  are  the  points  usually 
selected  for  drawing  blood;  other  areas  may  be  equally  available.  The 
region  chosen  should  be  free  from  edema,  inflammation,  or  any  other 
morbid  process  likely  to  give  rise  to  the  presence  of  other  fluids  that 
may  become  mixed  with  the  flowing  blood.  Cleanse  carefully  the  site 
selected,  first  with  water,  then  with  alcohol,  rubbing  briskly  with  a towel 
in  order  to  dry  the  part;  this  will  induce  sufficient  hyperemia  to  cause 
free  flow  of  the  blood.  With  a lance-shaped  needle  prick  the  skin  quickly 
and  to  a good  depth.  The  author  is  averse  to  the  continuous  use  of  a 
single  instrument,  and  therefore  hesitates  to  recommend  any  of  the 
many  devices  for  pricking  the  skin.  There  is  no  reason  for  the  repeated 
use  of  the  same  instrument.  A pen,  preferably  of  steel,  with  one  nib 
broken  off,  as  recommended  by  a number  of  observers,  is  cleanly  and 
inexpensive,  enabling  one  to  use  a different  instrument  for  each  observa- 
tion. Wipe  off  the  first  few  drops,  using  for  examination  the  blood  that 
follows.  Have  at  hand  at  least  a dozen  cover-glasses,  carefully  cleaned  in 
acid  alcohol  followed  by  alcohol  and  careful  drying;  also  four  slides  cleaned 
in  the  same  way.  A square  cover-glass,  gently  warmed,  not  hot,  is 
allowed  to  touch  a small  drop  of  blood;  a droplet  adheres,  and  the  cover- 
glass  is  placed,  face  downward,  on  a warm,  clean  slide.  As  soon  as 
the  blood  runs  to  the  edge  of  the  cover-glass,  with  a sable  brush  cedar 
oil — the  immersion  oil  that  accompanies  the  microscope  is  convenient — 
or  vaselin  is  painted  around  the  edge  to  exclude  air  and  to  prevent 
drying.  The  slide  is  now  ready  for  examination.  A second  and  a third 
slide  are  prepared  in  the  same  manner.  A very  satisfactory  method  for 
obtaining  slides,  with  minimal  exposure  of  the  blood  to  the  air,  is  to 
thoroughly  clean  slide  and  cover-glass  and  so  adjust  them  that  the  cover 
on  top  of  the  slide  comes  even  with  the  edge;  when  presented  to  the  drop 
of  blood,  barely  touching  it,  the  blood,  by  capillary  action,  flows  between 

1 The  literature  and  full  clinical  studies  of  diseases  of  the  blood  will  be  found  in 
Da  Costa’s  Clinical  Hematology,  Phila.,  1905;  Naegeli,  Blutkrankheiten  und  Blut- 
diagnostik,  Leipzig,  1908. 
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the  two  glasses.  Slides  so  prepared  cannot  be  so  readily  sealed,  but 
when  the  space  between  the  cover-glass  and  the  slide  is  completely 
filled,  drying  of  the  serum  at  the  margin  more  or  less  perfectly  excludes 
the  air.  Such  mounts  will  not  keep,  and  must  be  examined  at  once, 
using  first  low  powers  and  then  higher.  To  make  films,  one  cover-glass  is 
touched  to  a drop,  so  that  the  center  of  the  glass  receives  the  droplet; 
immediately,  a second  cover-glass  is  placed  on  the  first,  care  being  taken 
that  the  corners  do  not  coincide;  if  the  glasses  are  clean,  the  blood  flows 
quickly  to  the  edge;  at  once  separate  the  two  covers  by  sliding  them  apart, 
carefully  avoiding  any  lifting  motion;  dry  quickly,  but  avoid  heating 
while  moist.  From  each  case  at  least  eight  or  ten  spreads  should  be 
prepared  in  this  way.  Films  made  on  slides  possess  some  points  of 
advantage  over  those  on  cover-glasses,  being  more  easily  made  by  the 
beginner  and  giving  a larger  area  for  study.  They  are  made  by  drawing 
the  end  of  one  slide,  to  which  adheres  the  blood,  over  a second  slide  at  an 
angle  of  45  degrees,  the  blood  being  in  the  acute  angle.  Such  films  when 
stained  do  not  require  balsam  and  cover-glass,  but  when  left  unmounted 
in  this  way  can  be  examined  with  immersion  objectives  only.  If  certain 
staining  methods  are  to  be  employed,  the  films  must  now  be  fixed.  Stains 
dissolved  in  concentrated  alcohols  and  applied  undiluted,  as  the  methy- 
lene blue-eosin  group,  do  not  require  preliminary  fixation;  the  alcohol 
fixes  the  film  and  staining  follows  the  addition  of  water. 

Fixation  of  Films. — The  method  usually  advised  for  fixing  is  by  heat, 
as  in  a hot-air  oven  or  sterilizer  at  1250  to  140°  C.  for  twenty  to  thirty 
minutes,  the  lower  temperature  requiring  the  longer  time.  Ordinarily, 
satisfactory  results  will  be  obtained  if  the  temperature  be  slowly  raised 
to  between  1250  and  130°  C.,  the  heat  withdrawn,  and  the  oven  per- 
mitted to  cool.  Ovens  constructed  on  the  principle  of  hot-air  sterilizers 
(see  Bacteriologic  Technic)  are  best  adapted  for  the  fixation  of  films.  In 
the  absence  of  an  oven  a copper  plate  or  strip  is  convenient ; a strip  from  5 
to  10  cm.  wide  and  from  20  to  30  cm.  long,  supported  over  a flame  and 
protected  from  drafts  of  air,  answers  the  purpose.  The  flat-iron-shaped 
table  (see  Appen.)  may  be  used  in  the  same  way.  Placed  at  one  end, 
the  flame  soon  heats  the  strip  so  that  at  any  point  a fairly  constant 
temperature  is  maintained.  By  dropping  water  on  this  plate  at  various 
points  a place  is  found  where  water  boils;  drop  the  cover-glass  at  this 
point,  turning  the  film  side  down;  about  twenty  minutes  will  be  needed 
for  fixing.  A number  of  competent  observers  fix  the  dried  films  in  the 
same  manner  as  spreads  of  bacteria.  (See  Bacteriologic  Technic.)  For 
a finer  study  of  the  nuclei  in  blood-cells,  and  when  recognition  of  the 
granules  is  not  so  important,  some  of  the  fixatives  recommended  in  Chapter 
II,  Part  III,  may  be  used;  solutions  containing  bichlorid  of  mercury,  and 
also  the  osmic  acid  solutions,  may  find  special  application.  Cover-glass 
films  may  be  fixed  by  immersion  in  a mixture  of  equal  parts  of  absolute 
alcohol  and  ether  for  half  an  hour,  followed  by  drying.  After  fixation  by 
any  of  the  foregoing  methods  the  covers  may  be  stained  at  leisure. 

Staining. — Properly  prepared  films  are  grasped  in  the  cover-glass 
forceps  used  for  staining  bacteria.  The  stain  may  be  applied  to  the  cover, 
or  the  cover,  grasped  in  Kalteyer’s  forceps,  may  be  immersed  in  a dish 
containing  the  dye.  Slides  had  best  be  placed  in  jars  of  the  stain. 

Stains. — Wright’s  Stain.1 — This  is  one  of  the  latest  and  in  some 

1 For  Wright’s  latest  directions  for  making  and  using  this  stain  see  Jour.  A. 
M.  A.,  Vol.  lv,  Dec.  3,  1910,  p.  1979. 


THE  BLOOD. 


381 

respects  the  best  of  the  numerous  methylene  blue-eosin  stains1  now  in 
common  use,  though  Leishman’s  is  more  constant  in  its  results.  The  chief 
points  of  superiority  in  these  stains  are  that  special  fixation  of  films  is  not 
required,  and  blood-plates,  basophilic  granules,  and  malaria  parasites 
are  well  stained.  The  preparation  of  Wright’s  stain  is  a complex  procedure 
and  need  not  here  be  given.  The  technic  for  employing  it  is  briefly:  (1) 
Cover  thin,  air-dried  films  with  the  stain  for  one  minute.  (2)  Add  water, 
drop  by  drop,  until  an  iridescent  scum  forms  on  the  surface;  for  |-inch 
square  cover-glass  films,  4 to  8 drops  usually  suffice.  Allow  the  diluted 
stain  to  act  for  two  or  three  minutes.  (3)  Wash  with  water,  preferably 
distilled,  until  the  film  becomes  pink  or  yellow  in  color.  (4)  Blot  with 
filter-paper,  air  dry,  without  heat,  and  mount  in  balsam.  Results: 
Erythrocytes,  orange  or  pink;  nuclei  of  leukocytes  and  erythroblasts, 
dark  blue  to  lilac;  cytoplasm  of  lymphocyte,  robin’s  egg  blue,  of  hyaline 
cell,  pale  to  dark  blue;  neutrophile  granules,  reddish-lilac;  eosinophile 
granules,  pink;  basophile  granules,  blue  to  royal  purple;  blood-plates, 
pale  blue  with  dark  lilac  or  blue  granules.  Films  more  than  a few  weeks 
old  are  apt  to  yield  unsatisfactory  results ; this  may  be  partially  overcome 
by  fixing  with  the  undiluted  stain  for  at  least  two  minutes  and  staining  four 
or  five  minutes  after  dilution. 

The  technic  for  using  Leishman’s  stain  is  essentially  the  same  as  that 
for  Wright’s,  the  user  having  to  determine  the  exact  time  for  each  separate 
sample  of  both.  The  erythrocytes  by  Leishman’s  are  colored  pink  or 
greenish,  and  nuclei  reddish  in  color. 

Ehrlich’s  Triacid  Stain. — A mixed  powder  for  the  preparation  of 
Ehrlich’s  stain  is  on  the  market,  but  solutions  prepared  from  it  are 
rarely  satisfactory;  for  this  reason  it  is  recommended  that  the  stain  be 
made  from  concentrated  aqueous  solutions  of  the  dyes.  The  solutions 
are  all  to  be  saturated,  and  the  quantities  given  will  insure  saturation 
from  almost  all  samples,  but  as  the  dyes  vary  in  solubility,  different 
samples  may  require  slightly  more  or  less  of  the  dye.  As  it  is  best  not 
to  filter,  and  as  only  the  supernatant  fluid  is  to  be  used,  it  will  be  found 
convenient  to  make  up  all  these  stains  in  tall,  narrow  bottles,  and, 
while  more  expensive,  Griibler’s  stains  had  best  be  used. 


1.  Saturated  aqueous  solution  of  orange  G: 

Orange  G 6 gm. 

Distilled  water 100  c.c. 

2.  Saturated  aqueous  solution  of  acid  fuchsin: 

Acid  fuchsin  (fuchsin  S) 9 gm. 

Distilled  water 100  c.c. 

3.  Saturated  aqueous  solution  of  methyl-green: 

Methyl-green  (00  cryst.) 6 gm. 

Distilled  water 100  c.c. 


These  stock  solutions  keep  well.  The  mixed  stain  prepared  from 
them  has  not  such  good  keeping  qualities,  and,  while  not  ripe  for  the 
best  results  under  one  week,  after  two  or  three  weeks  usually  does  not 
stain  so  well;  occasionally,  however,  a sample  may  give  fairly  good  results 
for  months.  A little  experience  enables  one  to  see  which  of  the  three  dyes 
is  deficient,  and  by  adding  a trace  of  the  required  stain,  the  mixture  can 
be  improved.  Hardly  any  two  blood  cases  stain  alike,  and,  for  the  best 
results,  slight  changes  in  the  formula  may  be  made  in  order  to  overcome 

1 For  discussion  of  these  stains  see  article  by  Baumgartcn,  American  Medicine, 
Jan.  2,  1904;  also  Wilson,  Jour.  Exper.  Medicine,  Nov.  16,  1907. 


SPECIAL  PATHOLOGY. 


382 

this  defect.  Ehrlich’s  formula  as  given  by  Cabot  is  as  follows,  made  from 
the  foregoing  stock  solutions: 


Saturated  watery  solution  of  orange  G 6 c.c. 

Saturated  watery  solution  of  acid  fuchsin 4 c.c. 

To  these  add  a few  drops  at  a time,  shaking  between  each  addition, 

Saturated  watery  solution  of  methyl  green 6.6  c.c. 

Then  add: 

Glycerin 5 c.c. 

Absolute  alcohol 10  c.c. 

Water 16  c.c. 


Shake  well  for  one  or  two  minutes.  Let  stand  twenty-four  hours. 

In  the  preparation  of  the  stain  it  is  important  that  the  definite  order 
given  be  followed  in  the  mixing  of  the  foregoing  ingredients.  Stain  the 
fixed  films  for  from  two  to  five  minutes,  wash  in  distilled  water,  dry,  and 
mount  in  balsam.  Results:  Erythrocytes,  orange;  nuclei  of  leukocytes 
and  erythroblasts,  blue  or  greenish-blue;  neutrophile  granules,  lavender; 
eosinophile  granules,  copper  red;  basophile  granules,  unstained. 

Kanthack  and  Hardy  especially  recommend  a 0.5  per  cent,  solution 
of  eosin  in  seventy  per  cent,  alcohol;  stain  for  thirty  seconds,  rinse  in 
water,  dry  by  gentle  pressure  between  folds  of  filter-paper,  pass  three 
times  through  the  flame,  and  counterstain  in  Loffler's  methylene-blue 
solution.  (See  Appen.)  For  the  demonstration  of  structurally  imperfect 
red  cells  a one  per  cent,  solution  of  eosin  (water  soluble)  in  fifty  per  cent, 
alcohol,  followed  by  washing  in  water  and  then  by  hematoxylin,  gives 
satisfactory  results. 

A special  stain  for  the  “mast  cell”  is  prepared  as  follows: 


Saturated  alcoholic  solution  of  dahlia,  filtered 50  parts. 

Glacial  acetic  acid 10-15  parts. 

Distilled  water 100  parts. 


Stain  for  twenty-four  hours,  wash  in  water,  dry,  and  mount  in  balsam. 
Satisfactory  stains  of  this  cell  may  be  obtained  by  the  use  of  carbol- 
toluidin-blue  applied  for  a few  minutes,  followed  by  differentiation  in 
glycerin  ether;  the  granules  are  more  sharply  outlined  by  this  method,  and 
the  results  are  more  uniform. 

Iodin  Reaction. — The  term  iodin  reaction,  or  iodophilia,  is  used  to 
designate  the  reaction  occurring  under  certain  conditions  when  the 
blood  is  subjected  to  the  action  of  iodin.  The  solution  usually  employed 
consists  of: 


Iodin 1 part. 

Potassium  iodid 3 parts. 

Gum  arabic 50  parts. 

Distilled  water 100  parts. 


An  air-dried  film  of  blood  is  covered  with  this  syrupy  solution,  which 
is  allowed  to  act  for  two  or  three  minutes;  the  excess  is  then  drained  off 
and  the  cover-glass  placed  blood-side  downward  on  a slide.  A more 
rapid,  but  less  neat,  method  is  to  place  a large  drop  of  the  solution  near 
one  end  of  a slide  and  invert  upon  it  the  cover-glass,  which  in  two  or  three 
minutes  is  moved  to  the  center  of  the  slide,  leaving  behind  the  thick 
layer  of  fluid.  These  preparations,  being  mounted  in  the  staining  medium, 
are  not  permanent.  Examined  under  the  oil-immersion  lens,  the  red 
cells,  normal  leukocytes,  and  blood-plasma  are  found  to  be  stained  a 
uniform  pale  yellow.  A positive  iodin  reaction  consists  of  the  presence  of 


THE  BLOOD. 


383 


variable  sized  granules,  ranging  in  color  from  brownish-yellow  to  deep 
brown,  which,  in  location,  are  intracellular  or  extracellular.  The  former 
are  almost  exclusively  within  the  polymorphonuclear  leukocytes.  In- 
stead of  distinct  granules,  there  is  in  some  instances  a diffuse  brownish 
discoloration  of  the  cytoplasm.  The  extracellular  granules,  less  often 
found  and  relatively  of  little  importance,  are  free  in  the  plasma.  The 
significance  of  the  reaction  is  variously  estimated.  It  is  observed  in  cases 
of  sepsis,  and  most  frequently  when  suppuration  has  occurred,  but  is  not 
a positive  indication  of  the  presence  of  pus.  It  is  also  found  quite  con- 
stantly during  the  course  of  pneumonia,  pulmonary  tuberculosis,  malig- 
nant disease,  certain  of  the  grave  anemias,  and  occasionally  in  other 
affections.  Apparently  depending  upon  degenerative  changes  in  the 
leukocytes,  the  real  diagnostic  value  of  this  reaction  is  not  as  yet  determined. 

Staining  Diabetic  Blood. — Bremer’s  observations  on  the  peculiar 
stain  reactions  of  diabetic  blood  appear  to  deserve  much  more  con- 
sideration than  they  have  received.  From  a number  of  experiments 
in  the  author’s  laboratory  I am  convinced  that  certain  information 
may  be  obtained  by  Bremer’s  methods,  and  that  the  test  is  deserving 
of  consideration.  It  requires  constant  control  under  nearly  all  condi- 
tions, and  hence  every  examination  should  be  verified  by  applying  the 
test  to  blood  known  to  be  normal  as  well  as  to  the  suspected  specimen. 
Thick  films  of  the  blood  under  examination  and  control  films,  both 
prepared  in  the  usual  way,  are  fixed  by  heat  at  a temperature  of  1350  C. 
The  two  covers  are  then  grasped  back  to  back,  so  that  both  films  are 
exposed,  and  are  immersed  in  either  a one  per  cent,  watery  solution 
of  Congo  red  or  a one  per  cent,  watery  solution  of  Biebrich  scarlet  for 
about  two  minutes.  The  films  are  then  washed  in  water  and  dried. 
Congo  red  stains  the  normal  blood  and  not  the  diabetic;  Biebrich  scarlet 
stains  the  diabetic  blood  and  not  the  normal.  Other  anilin  dyes  may  be 
applied  in  a similar  manner.  The  important  point  to  be  recognized  is 
that  diabetic  blood  is  never  stained  to  the  same  degree,  and  often  not  the 
same  shade,  as  the  normal  blood.  The  reaction  is  sometimes  obtained  in 
conditions  other  than  diabetes. 

ESTIMATION  OF  THE  HEMOGLOBIN. 

Sahli’s  Hemometer. — This  instrument  consists  of  two  small  glass 
tubes,  one  sealed  and  containing  the  standard  color  solution,  the  other 
open  at  one  end  and  graduated  from  1 o to  1 40.  These  tubes  stand  in  a frame 
which  has  a ground  glass  plate  as  a background.  The  hemometer  also 
includes  a 20  cu.  mm.  blood  pipet,  a water  pipet,  and  a small  bottle  for 
carrying  a supply  of  diluting  fluid.  The  color  standard  is  a 1 per  cent, 
solution  of  acid  hematin  and  the  hemoglobin  of  the  blood  to  be  tested  is 
changed  to  the  same  substance  by  the  addition  of  decinormal  hydrochloric 
acid.  (Diluting  1 5 c.c.  of  hydrochloric  acid  to  one  liter  with  distilled  water 
and  adding  chloroform  to  saturation  is  a working  formula.) 

In  using  the  instrument,  the  graduated  tube  is  filled  to  the  mark  10 
with  the  diluting  fluid,  20  cu.  mm.  of  blood  added,  and  the  two  thoroughly 
mixed.  When  the  mixture  assumes  a dark  brown  color,  add  water  until 
the  color  is  the  same  as  that  of  the  standard  solution  in  the  other  tube; 
the  percentage  of  hemoglobin  is  that  figure  of  the  scale  reached  by  the 
column  of  diluted  blood.  When  each  addition  of  water  is  made,  the  mix- 
ing is  to  be  accomplished  without  violent  shaking  in  order  to  prevent  the 
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accumulation  of  air  bubbles.  The  reading  of  this  instrument  may  be 
made  by  either  natural  or  artificial  light. 

Von  Fleischl’s  Hemoglobinometer. — The  standard  of  comparison  in 
this  instrument  is  an  elongated  wedge  of  glass,  tinted  with  Cassius’  golden 
purple,  and  mounted  movably  beneath  a platform  or  stage  like  that  of  a 
dissecting  microscope.  In  the  center  of  the  platform  is  a circular  open- 
ing, through  which  the  light  from  a candle  or  lamp  is  reflected  upward 
from  a disc  of  plaster  of  Paris. 

The  wedge  of  glass  underlies  one-half  of  the  circular  opening  in  the 
platform.  Above  the  wedge,  and  exactly  over  the  circular  opening, 
rests  a metallic  tube,  1.5  cm.  long,  with  a vertical  metallic  partition  and  a 


Fig.  190. — Sahli’s  Hemometer. 

The  tube  containing  the  standard  colors  and  the  graduated  tube  in  which  the  blood  is  diluted  are  contained 
in  upright  stand  shown  in  middle  of  case.  The  accessories  are  in  position  in  the  case. 


glass  bottom.  One-half  of  the  tube  overlies  the  wedge  and  receives  its 
light  through  it.  This  half  is  filled  with  distilled  water,  and  in  the 
other  half  is  placed  the  mixture  of  blood  and  water.  The  blood  is  re- 
ceived from  the  finger  into  a minute  glass  tube  by  capillary  attraction 
(automatic  pipet)  and  is  placed  in  the  proper  compartment,  thoroughly 
mixed  with  water — care  being  taken  to  see  that  the  measuring  tube  is 
washed  free  from  blood — and  both  compartments  are  filled  with  water. 
In  order  to  make  accurate  readings  the  observations  must  be  made  in  a 
dark  room  or  closet,  using  no  other  illumination  than  that  afforded  by  a 
lamp  or  candle.  The  red  glass  wedge  is  then  moved  in  one  direction  or  the 
reverse  until  the  two  fluids  show  an  equal  intensity  of  red  color.  The 
number  indicated  on  the  scale,  read  off  at  M (see  Fig.  i9i),is  the  per- 
centage of  hemoglobin.  As  soon  as  the  automatic  capillary  pipet  is 
emptied  into  the  chamber  a and  rinsed  free  of  the  adhering  blood,  it  should 
be  placed  in  water  or  in  a one  per  cent,  solution  of  carbonate  of  sodium, 
and  should  never  be  permitted  to  dry  until  it  has  been  thoroughly  cleansed. 
Immediately  after  completing  the  observation  the  mixing  cell  G is  thor- 
oughly washed  and  dried;  the  capillary  pipet  is  also  cleansed  by  repeated 
washing  in  the  alkaline  solution,  followed  by  water,  or  in  water  alone.  It  is 
then  dried  by  passing  a thread  of  cotton,  silk,  or  floss  through  the  capillary 
tube;  a threaded  needle  is  sometimes  advised  for  this  purpose,  but  chip- 
ping of  the  wall  of  the  tube  may  result  from  slight  carelessness  in  intro- 
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during  the  needle,  and  a hair  doubled  on  itself  answers  the  same  purpose 
without  the  danger  indicated.  The  two  ends  of  the  hair  are  passed 
through  the  tube,  and  the  resulting  loop  is  used  as  a carrier  for  the  thread, 
which  completes  the  cleaning  and  drying.  The  beginner  should  see 
that  the  instrument  is  clean  before  the  various  parts  are  put  away;  the 
experienced  worker  is  fully  aware  of  the  difficulty  encountered  in  cleaning 
a dried  pipet,  and  therefore  does  not  need  the  precautionary  advice 
given  to  the  novice. 

The  mixing  pipet  of  each  instrument  is  adapted  to  that  instrument 
only,  and  bears  its  capacity  stamped  upon  the  handle.  A similar  marking 


Fig.  191. — Von  Fleischl’s  Hemoglobinometer. 

G.  Mixing  cell,  divided  by  a partition  into  two  chambers,  a and  o'.  The  blood  and  water  are  placed  in  a; 
a'  receives  water  alone  and  is  directly  over  the  colored  glass  wedge.  K,  K.  Glass  wedge.  M.  Point 
at  which  reading  is  taken.  T.  Milled  head  which  moves  the  head  R,  which,  in  turn,  moves  the  carriage 
P,  P,  carrying  the  tinted  glass  wedge.  S.  Disc  of  plaster  of  Paris  for  reflecting  the  light  upward 
through  the  glass  wedge  and  the  mixing  chamber. 


is  made  on  the  screw-head  at  the  back  of  the  stage,  and  as  all  parts  of 
the  instrument  are,  or  should  be,  numbered,  mixing  of  different  pieces 
should  not  occur.  In  order  to  avoid  confusion  or  incorrect  reading  where 
a number  of  instruments  are  in  use,  and  when  ordering  new  pipets,  this 
fact  must  be  remembered. 

Miescher’s  modificaton  of  this  instrument  is,  in  the  hands  of  an  expert, 
more  accurate  than  the  original,  but  is  more  complicated  and  costly. 
The  chief  points  of  difference  are  the  use  of  two  mixing  cells  differing  in 
capacity,  each  with  a projecting  partition  which  receives  a grooved 
cover-glass,  and  a special  mixing  pipet  for  the  blood.  This  is  a lab- 
oratory instrument  and  is  specially  valuable  for  standardizing  other  types. 

Dare’s  Hemoglobinometer. — In  this  instrument  the  undiluted  blood, 
in  a very  thin  layer,  is  compared  with  a glass  color-comparison  prism. 
The  principle  involved  is  in  some  respects  like  that  utilized  in  the  von 
F'leischl  instrument,  but  differs  in  the  fact  that  pure  blood  is  used.  The 
accompanying  illustrations  (Figs.  192  and  193)  explain  the  different  parts 
of  the  instrument. 
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To  Make  the  Observation. — Before  drawing  the  blood  the  instrument 
should  be  prepared  for  immediate  observation  by  swinging  the  screen 
(T,  Fig.  192)  outward  and  attaching  the  camera  tube  (U,  Fig.  192)  and 
candle-holder  (Y,  Fig.  192).  The  candle  should  be  pressed  into  the  holder 
at  such  a level  that  the  wax  at  the  wick-end  will  be  on  a level  with  the  top 
of  the  spring  clamp  that  holds  the  candle;  any  curve  in  the  candle-wick 
should  be  so  turned  that  its  convexity  faces  the  instrument,  and  the  flame 
should  be  in  line  with  the  metal  shank  in  which  the  spring  clamps  are  at- 
tached, so  that  the  intensity  of  the  candle-light  will  be  equally  divided 
on  both  the  blood  and  color-comparison  sides.  As  the  comparison  should 


Fig.  192.' — Dare’s  Hemoglobinometer. 

(Parts  assembled  as  when  in  use.  About  one-half  actual  size.) 

I. — R.  Milled  head,  which  rotates  a rubber-covered  cylinder  that,  in  turn,  acts  upon  the  color-comparison 
prism  V.  S.  The  case  containing  the  color-comparison  disc,  V.  T.  The  wing  that  receives  the  teles- 
coping camera  tube  U,  and,  when  not  in  use,  rotates  eccentrically  into  place  over  the  back  of  the  box 
S.  U.  Telescoping  camera  tube.  V.  Visible  portion  of  the  disc  that  carries  the  color-comparison 
prism.  The  space  indicated  is  secured  by  cutting  out  a semicircular  piece  of  the  front,  S.  Through 
this  opening  the  light  passes  to  the  color-comparison  prism.  W.  White  glass  of  the  pipet.  X. 
Pipet  clamp.  Y.  Spring  clamp  candle-holder.  The  leader  from  Z indicates  the  point  on  the  side  of 
the  case,  S,  where  the  graduation  on  the  disc,  V,  is  visible,  and  where  the  reading  is  taken. 

II. — Disc  Carrying  the  Color-comparison  Prism.  E.  Prism  of  colored  glass.  F.  Semicircle  of  white  glass, 
upon  the  edge  of  which,  at  H,  is  etched  the  graduation.  I.  White  glass  backing  the  color-comparison 
prism,  E.  G.  Opening  through  center  of  disc  to  receive  the  pivot  of  the  casing,  which  acts  as  a hub 
around  which  the  disc  is  rotated. 


be  made  as  soon  as  possible  after  the  blood  has  been  drawn,  a means  of 
lighting  the  candle  should  also  be  at  hand.  The  pipet  for  collecting  the 
blood  (X  W,  Fig.  192,1;  Fig.  193,  II)  is  removed  from  the  tongue  in 
wdiich  it  fits;  the  milled  head  controlling  the  screw  that  holds  the  two 
pieces  of  glass  (A,  B,  Fig.  193,  II)  is  turned  far  enough  to  release  the 
glass  plates;  these  are  separated,  cleaned  with  alcohol,  and  polished. 
It  is  important  that  they  should  be  free  from  all  foreign  substances,  and, 
above  all,  that  they  should  not  be  greasy.  After  thorough  cleansing 
they  are  returned  to  their  proper  position  in  the  following  manner: 
The  observer  will  have  noticed  that  one  of  the  glasses  (the  white  glass) 
is  for  a distance  of  7 mm.  from  one  end  thinner  than  for  the  remainder 
of  its  length,  the  thin  portion  terminating  at  a transverse  groove.  When 
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the  two  glasses  are  properly  placed  together,  a capillary  space  to  receive 
the  blood  is  thus  formed;  it  is  shown  at  D,  figure  193.  The  glass  plates 
are  placed  in  the  clamp  with  the  end  containing  the  space  projecting 
outward,  and  are  secured  in  this  position  by  tightening  the  retaining  screw 
by  means  of  the  milled  head.  The  white  glass  should  be  on  the  side 
next  to  the  milled  head.  The  clamp  with  the  two  glass  slips  is  as  shown 
at  II,  figure  193.  The  instrument  is  now  ready  for  use. 

The  finger-tip  or  the  lobe  of  the  ear  is  prepared  in  the  usual  way,  and 
the  blood  is  drawn  as  already  directed  (p.  379).  The  free  end  of  the  glass 
slips  (A,  Fig.  193,  II)  is  now  presented  to  the  drop  of  blood,  which  at 
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Fig.  193. — Dare’s  Hemoglobinometer. 

I. — Horizontal  Section,  Viewed  from  Above.  J.  Candle  in  spring  clamp.  K.  White  glass  on  the  back  of 
the  prism.  L.  The  colored  prism  used  for  comparison  with  the  blood,  and  shown  at  E in  figure  216. 
M.  The  opening  through  which  the  blood  is  viewed.  M'.  The  opening  through  which  the  comparison 
color  is  visible.  N.  The  telescoping  camera  tube,  through  which  the  two  apertures,  M'  and  M,  are 
viewed  in  making  the  comparison.  O.  Transparent  glass  of  the  pipet.  P.  White  glass  of  the  pipet. 
Between  the  transparent  glass,  O,  and  the  white  glass,  P,  is  the  capillary  space  containing  the  blood. 
O.  Metal  septum  interposed  between  the  blood  pipet  and  the  comparison  color. 

II. — Automatic  Pipet. — A.  White  glass.  B.  Clear  glass.  C.  Pipet  clamp  in  which  at  C'  is  a groove  into 
which  the  tongue  on  the  stage  slides.  D.  Capillary  chamber  or  pipet  for  receiving  the  blood.  To 
the  left  and  slightly  behind  is  shown  a milled  head  controlling  the  screw  that  clamps  the  glasses. 


once  enters  and  fills  the  capillary  space,  D,  figure  193.  If  the  instru- 
ment has  been  properly  cleansed,  the  pipet  at  once  fills  to  all  its  margins. 
Care  must  be  taken  to  prevent  the  blood  from  flowing  over  the  glasses,  but 
in  case  such  an  accident  occurs,  the  excess  of  blood  can  be  readily  wiped 
off.  The  clamp  is  at  once  placed  in  position,  as  shown  at  X,  figure  192. 
When  properly  placed,  the  projecting  glasses,  with  their  intervening 
capillary  space  filled  with  blood,  rest  over  the  opening  shown  at  M in 
figure  193.  In  this  same  sectional  view  the  glasses  are  shown  at  O,  P;  the 
white  glass  is  at  P,  the  clear  glass  at  O,  and  between  them  is  the  blood. 
Light  the  candle,  which  has  already  been  placed  in  its  proper  position. 
The  eye  is  placed  to  the  drawn-out  telescoping  tube  (U,  Fig.  192;  N,  Fig. 
193  ; in  both  instances  the  eye  occupies  the  position  of  the  Roman  numeral 
I in  the  illustrations),  and  the  line  of  vision  is  directed  toward  a dark 
surface,  with  no  intervening  light,  either  direct  or  reflected,  except  that 
afforded  by  the  lighted  candle.  Absolute  darkness,  such  as  is  necessary 
for  the  von  Fleischl  instrument,  is  not  required.  A dark  room  is  to  be 
preferred;  bright  light  is,  of  course,  to  be  excluded,  and  the  direction  of  the 
line  of  vision  should  at  least  be  toward  a lusterless  black  surface,  such  as 
is  ordinarily  afforded  by  a black  coat.  Looking  through  the  tube  N, 
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figure  193  (the  instrument  being  held  as  shown  in  Fig.  192,  in  which  case 
the  eye  would  be  at  I),  the  observer  sees  at  the  bottom  of  the  tube  two 
apertures  (M  and  M',  Fig.  193),  through  each  of  which  a more  or  less 
faint  red  or  reddish-yellow  light  is  seen.  By  referring  to  the  diagram, 
figure  193,  it  will  be  apparent  that  the  light  coming  from  the  candle,  J, 
passes  through  the  blood  between  the  glasses,  P and  O,  and  is  visible  at  M. 
Other  rays  of  light,  starting  from  the  same  point,  pass  through  the  glass 
comparison  prism  L,  and  are  to  be  seen  at  M'.  The  two  apertures,  M and 
M',  are  closely  approximated;  the  milled  head  R (Fig.  192)  is  now  turned 
one  way  or  the  other  until  the  light  passing  through  the  glass  comparison 
prism  and  visible  at  M'  is  of  the  same  color  as  the  light  coming  through  the 
blood  and  presenting  at  M.  During  all  the  manipulation  the  graduation 
has  not  been  seen,  unless  the  observer  went  out  of  his  way  to  examine  it; 
when  the  two  colors  have  been  matched,  the  reading  is  made  on  the  side  of 
the  instrument,  just  behind  the  leader  from  the  letter  Z.  The  gradu- 
ation, as  in  the  other  hemoglobinometers,  is  in  percentage  of  the  nor- 
* mal;  its  location  on  the  disc  is  indicated  at  H,  figure  192,  II.  The  read- 
ing should  be  made  at  once  on  filling  the  pipet,  as  after  a few  minutes 
contraction  and  shrinking  of  the  clot  occur,  giving  rise  to  a marginal 
illumination  with  concentration  of  the  colored  elements  near  the  center, 
and  thereby  offering  certain  possibilities  of  error. 

‘ ‘ When  the  observation  is  completed,  the  clamp  X,  figure  192,  is 
removed,  and  the  milled  head  is  turned  just  enough  to  release  the  two 
glass  slides,  which  are  separated  and  at  once  cleaned.  The  ease  with  which 
the  only  part  soiled  is  cleansed  contrasts  with  the  great  difficulty  ordi- 
narily attending  efforts  satisfactorily  to  clean  the  automatic  pipets  and 
mixing  chambers  of  the  instruments  devised  by  von  Fleischl  and  Oliver. 

Estimation  of  the  Quantity  of  Hemoglobin  by  the  Specific  Gravity. — 
As  a rule,  the  specific  gravity  of  the  blood  indicates  with  a fair  degree 
of  accuracy  the  quantity  of  hemoglobin  present,  and  hence  may  be  util- 
ized as  one  of  the  methods  for  hemoglobin  estimation.  As  alteration  in 
the  density  of  the  plasma  cannot  be  ignored,  and  as  possible  hydremia 
cannot  be  overlooked,  the  specific  gravity  method  will  always  be  open 
to  sources  of  error.  In  diabetes  the  evident  high  specific  gravity  (not 
uncommonly  1060  or  over)  would  be  misleading;  under  such  con- 
ditions the  method  is  not  applicable.  Influences  increasing  the  density 
of  the  blood  by  abstracting  the  water,  thereby  raising  the  plasmatic 
specific  gravity,  vitiate  the  results  obtained  by  this  method.  The 
following  table,  from  Hammerschlag,  gives  the  hemoglobin  value  of 
specific  gravities  between  1033  and  1060: 


Specific  gravity. 
i°33-i°35 
1035-1038 
1038—1040 
1040—1045 
1045—1048 


Hemoglobin. 
25-30  per  cent. 
30-3  5 Per  cent. 
35-40  per  cent. 
40-45  per  cent. 
45-55  per  cent. 


Specific  gravity. 
1048—1050 
1050-1053 
1053-1055 

1 °5  5— 1 °5  7 
1057— 1060 


Hemoglobin. 
55-65  Per  cent. 
65-70  per  cent. 
70-75  per  cent. 
75-85  Per  cent. 
85-95  per  cent. 


To  Determine  the  Specific  Gravity. — The  simplest  procedure  for  deter- 
mining the  specific  gravity  of  the  blood  is  the  benzol-chloroform  method 
of  Hammerschlag.  Chloroform  possesses  a specific  gravity  much  higher 
than  blood  (1525),  benzol  much  lower  (0889),  and  as  the  two  fluids  are 
miscible  in  all  proportions,  any  intermediate  specific  gravity  is  readily 
obtained.  The  instruments  needed  are  a urinometer  or  hydrometer 
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jar  and  an  accurate  urinometer,  the  scale  of  which  should  reach  at  least 
1060.  A mixture  of  chloroform  and  benzol  is  made  having  a specific 
gravity  of  about  1060;  the  blood  is  obtained  in  the  usual  manner  and 
is  drawn  into  a capillary  tube,  such  as  the  Thoma-Zeiss  pipet  or  Gowers’ 
pipet,  or  similar  tube;  care  must  be  taken  that  no  air  is  permitted  to 
enter  the  column  of  blood.  From  the  pipet  a drop  is  gently  and  slowly 
ejected  into  the  chloroform-benzol  mixture,  being  careful  to  exclude 
air.  If  the  hydrometer  jar,  containing  the  chloroform-benzol  mixture, 
has  been  properly  cleansed  and  dried,  the  drop  of  blood  will  not  adhere 
to  its  wall.  The  blood,  not  being  miscible  with  the  reagents,  forms 
a drop,  which  floats  on  the  surface  of  the  fluid.  Benzol  is  added,  with 
careful,  repeated  stirring;  the  addition  is  continued  until  a density 
is  reached  in  which  the  drop  neither  rises  to  the  top  nor  sinks  to  the 
bottom;  in  other  words,  the  specific  gravity  of  the  fluid  is  made  the 
same  as  the  specific  gravity  of  the  drop  of  blood.  The  specific  gravity  of 
the  fluid  is  now  taken,  and  the  result  obtained  is,  of  course,  the  specific 
gravity  of  the  blood.  From  this  specific  gravity  the  percentage  of 
hemoglobin  may  be  calculated. 

Tallqvist’s  Hemoglobin  Scale. — A very  simple,  but  only  approxi- 
mately accurate,  method  of  estimating  the  hemoglobin  is  furnished 
by  this  device,  the  essential  features  of  which  are  a color  scale  forming 
one  leaf  of  a book,  the  remaining  leaves  being  absorbent  paper.  A 
small  square  of  the  latter  is  touched  to  a blood-drop  and  the  resulting 
spot  compared  with  the  scale  by  viewing  it  through  circular  openings  in 
the  color  bands. 

Remarks  on  Hemoglobin  Methods. — Of  the  various  methods  given, 
that  devised  by  von  Fleischl  has  received  most  general  acceptance. 
It  is  said  that  the  von  Fleischl  insti'ument  is  unreliable  for  very  low 
percentages  of  hemoglobin;  the  source  of  error  is  best  met  by  using 
two  measures  of  the  blood,  secured  by  filling  two  pipets  and  emptying 
both  into  the  mixing  chamber.  The  resulting  reading  is  halved.  Dare’s 
instrument,  because  of  the  ease  with  which  it  is  operated  and  cleaned,  the 
lack  of  possible  error  by  diluting  the  blood,  and  high  degree  of  accuracy, 
is  one  of  the  most  satisfactory  of  the  hemoglobinometers  now  available  for 
general  use.  The  author  is  impressed  by  the  fact  that  two  individuals 
can  read  so  close  together,  variations  of  two,  three,  four,  and  five  per  cent, 
being  infrequent.  The  same  workers  will,  in  reading  the  von  Fleischl  and 
some  other  instruments,  differ  to  the  extent  of  from  five  to  ten  per  cent. 

The  Sahli  appears  to  be  the  best  of  the  instruments  of  its  type  and  is 
hence  probably  the  most  satisfactory  of  the  lower  priced  hemometers. 
There  are  indications,  however,  that  the  color  scale  even  in  this  is  not  abso- 
lutely permanent  and  should  occasionally  be  standardized.  For  physicians 
to  whom  one  of  the  more  accurate  but  expensive  instruments  is  not  acces- 
sible Tallqvist’s  scale  furnishes  valuable  information.  The  cost  is  merely 
nominal. 

The  term  percentage  of  hemoglobin  means  the  percentage  of  the 
normal.  If  the  reading  is  100,  the  hemoglobin  is  normal;  if,  however, 
the  reading  is  80,  there  is  eighty  per  cent,  of  the  normal,  or  twenty  per 
cent,  less  than  normal;  if  the  reading  is  120,  there  is  twenty  per  cent, 
more  than  in  health. 

The  color-index  is  the  relative  richness  of  each  erythrocyte  in  hemo- 
globin. As  previously  stated,  the  percentage  of  hemoglobin  estimated 
by  the  instruments  commonly  at  hand  is  the  percentage  of  the  normal. 
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If  in  a blood  examination  we  find  5,000,000  red  blood-cells  and  100  per 
cent,  of  hemoglobin,  it  is  evident  that  both  the  erythrocytes  and  the 
hemoglobin  are  normal,  and  the  color-index  is  1.  If,  however,  the 
blood  contain  2,500,000  red  blood-cells  and  fifty  per  cent,  of  hemoglobin, 
it  is  evident  that,  while  there  is  a great  reduction  in  red  blood-cells,  there 
is  also  a proportionate  reduction  in  hemoglobin;  it  is  thus  seen  that  the 
corpuscular  richness  of  the  cells  present  is  the  same  as  in  health,  therefore 
the  color-index  is  normal — 1.  If,  on  the  other  hand,  as  in  chlorosis, 
4,000,000  red  blood-cells  are  present  (assuming  as  before,  for  convenience 
in  calculation,  that  the  normal  is  5,000,000),  then  the  number  of 
erythrocytes  present  is  eighty  per  cent,  of  the  normal.  If  the  blood 
shows  the  presence  of  fifty  per  cent,  of  the  normal  amount  of 
hemoglobin,  it  is  evident  that  the  hemoglobin  is  much  more  re- 
duced than  the  erythrocytes;  in  other  words,  the  color-index 
is  low.  The  exact  color-index  is  obtained  by  dividing  the  percentage 
of  hemoglobin  by  the  percentage  of  erythrocytes:  in  the  instance  given, 
inr  or  1 (or,  in  decimals,  0.625),  would  be  the  color-index.  From  the 
foregoing  it  will  be  seen  that  the  color-index  may  be  worked  out  by  the 
following  formula: 

Percentage  of  hemoglobin  _ , . , 

iS 1 1 r; : — = Color- index. 

Percentage  of  erythrocytes 


COUNTING  BLOOD-CELLS. 

The  Red  Cells. — The  Thoma-Zeiss  Hemocytometer. — This  apparatus 
consists  of: 

1.  A capillary  tube  of  glass,  about  15  cm.  long,  expanding  in  the 
upper  portion  into  a bulb,  in  which  lies  a small  glass  ball  (Fig.  195). 


Fig.  194.— Thoma-Zeiss  Hemocytometer. 

As  shown  in  the  illustration,  the  different  parts  are  packed  in  a velvet-lined  case  for  safe  transportation. 
In  the  center  of  the  case  is  a glass  slide,  which  contains  the  counting  chamber.  As  illustrated,  the  two 
pipets — one  for  the  erythrocytes  and  one  for  the  leukocytes — are  contained  in  the  single  case.  The 
receptacle  for  thick  covers  is  just  under  the  center  of  the  slide. 


The  lower  portion  of  the  tube  is  graduated  in  tenths,  from  0.1  to  1, 
while  just  above  the  mixing  chamber  is  the  mark  101,  indicating  that, 
if  filled  with  blood  to  the  mark  1,  and  then  with  some  other  fluid  to  101, 
the  fluid  above  the  point  1 will  represent  a dilution  of  1 part  in  100. 

2.  A counting  chamber,  composed  of  a heavy  glass  slide,  the  center 
of  which  is  formed  into  a circular  cell  by  a rim  of  glass;  in  the  middle  of 
the  cell  is  a circular  glass  platform.  (See  A and  C,  Fig.  196.)  When  a 
cover-glass  is  placed  over  the  cell,  the  space  between  the  cover-glass  and 
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the  surface  of  the  counting  platform  is  o.i  mm.  The  counting  platform 
has  on  the  center  a space  ruled  in  squares,  the  side  of  each  square  being 
mm.  The  cubic  capacity,  then,  of  the  space  surrounded  by  each  ruling 
and  covered  by  the  cover-glass  is  equal  to  YV  Him.  X mm.  X jV  mm., 
or  400 q of  a cu.  mm.  The  small  moat  between  the 
platform  and  the  rim  receives  the  overflow  of  fluid. 

A puncture  is  made  in  the  finger  or  in  the  lobe  of 
the  ear,  as  already  directed,  and  the  blood  sucked  into 
the  capillary  tube  until  it  reaches  the  mark  0.5;  after 
wiping  the  end  of  the  tube  in  order  to  remove  the 
excess  of  blood,  a three  per  cent,  salt  solution,  or  other 
acceptable  diluting  fluid,  is  drawn  into  the  tube  until 
the  fluid  has  risen  to  the  point  marked  101,  giving  a 
dilution  of  1 to  200.  This  is  preferable  to  using  the 
mark  1 for  the  blood,  with  a consequent  dilution  of  1 
to  100,  as  it  avoids  the  danger  of  drawing  the  blood 
into  the  bulb  of  the  pipet.  The  contents  of  the  tube 
being  thoroughly  mixed  by  shaking,  the  fluid  below  the 
bulb  is  then  expelled,  the  point  of  the  tube  is  wiped, 
and  a drop  of  the  diluted  blood  is  placed  on  the  ruled 
platform  of  the  counting  chamber;  a cover-glass  is  then 
cautiously  laid  upon  the  drop,  care  being  taken  that  the 
cover  does  not  slip  to  either  side.  If  a globule  of  air 
forms  between  the  cover  and  the  counting  platform, 
the  cell  and  cover  should  be  cleaned  and  the  attempt 
should  be  repeated,  the  cover-glass  being  so  adjusted 
that  no  air-bubbles  are  present.  The  preparation 
should  be  rejected  if  the  liquid  makes  its  way  between 
the  cover-glass  and  the  external  rim.  The  cover- 
glasses  used  in  ordinary  microscopy  are  not  suited  for 
use  with  this  instrument;  they  are  rarely  flat,  cup 
easily,  and  in  either  case  may  give  misleading  results. 

Only  the  heavy  covers  that  accompany  the  instrument 
should  be  used.  The  thick  cover-glass  and  the  depth 
of  the  cell  preclude  the  use  of  high-power  lenses;  the 
most  convenient  lens  for  the  count  is  a £-inch  objective, 
but  a i-inch  or  ^-inch,  with  good  working  distance, 
may  be  employed.  When  purchasing  a microscope, 
the  buyer  should  specify  that  the  medium  power  ob- 
jective possess  sufficient  working  distance — space  be- 
tween lens  and  top  of  cover-glass — for  this  purpose. 

The  miscroscope  is  so  adjusted  that  the  stage  is  perfectly  Fimixing_ Tube'LAof 
level.  The  slide  is  placed  upon  the  stage  and  the  ruled  ™E  Thoma-Zeiss 

1 x u t APP  \ RATUS.|  — 

areas  are  found  and  centered  by  the  use  of  a i-inch  ( jaksch .) 

or  a jf-inch  objective.  The  medium  power  (|-inch 
objective)  is  now  thrown  in  the  optic  axis  of  the  instrument,  and,  without 
looking  through  the  eye-piece,  the  objective  is  racked  downward  until 
it  almost  touches  the  cover-glass.  The  eye  is  then  placed  at  the  eye- 
piece and  the  illumination  is  perfected,  after  which  an  accurate  focus 
is  secured  by  slowly  focusing  upward.  At  first  the  corpuscles  may 
be  in  different  focal  planes,  and  it  is  therefore  best  to  allow  the  instrument 
to  remain  quiet  for  a few  minutes  until  the  cells  have  been  deposited  upon 
the  counting  platform.  The  cells  should  be  evenly  distributed  as  shown 
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at  B in  figure  196.  If  they  are  clumped  and  not  uniformly  distributed 
over  the  counting  platform,  the  mixing  has  been  inefficient,  and  the 
mixing  tube  must  be  cleaned  and  the  whole  process  repeated.  Count 
the  corpuscles  in  at  least  80  squares,  using  5 blocks  of  16  each  contained 
within  double  lines;  these  blocks  should  be  selected  from  various  parts 
of  the  ruled  area  in  order  most  nearly  to  obtain  a mean  of  the  entire 
specimen.  Clean  the  counting  chamber,  place  in  it  a fresh  drop  of  the 
diluted  blood,  and  repeat  the  count,  using  the  average  of  the  two  in  com- 
puting the  total.  These  two  counts  will,  in  normal  blood,  yield  about 


A 


0 o. 


• 0° 


B 


O o 
° O O 


Fig.  196. — Counting  Chamber  of  the  Thoma-Zeiss  Hemocytometer.  ( Landois .) 

A.  Sectional  view.  On  the  upper  surface  is  shown  cover- glass  in  position.  Beneath  the  center  of  the  cover 
is  a glass  platform,  upon  which  is  ruled  the  divisions  shown  in  the  surface  view,  C.  The  space 
between  the  cover  and  the  ruled  platform  is  o.i  mm.  On  each  side  of  the  ruled  platform  is  shown 
the  moat  that  prevents  the  fluid  from  reaching  the  outer  disc,  upon  which  the  cover-glass  rests. 
B.  Appearance  of  the  ruled  surface  under  microscope  and  showing  uniform  distribution  of  the  red  cells 
as  they  should  appear  in  a properly  prepared  dilution. 


1 000  cells,  a number  guaranteeing  sufficient  accuracy.  To  obtain  the  total, 
multiply  the  number  of  cells  counted  by  the  degree  of  dilution  and  by  4000 
(40V0  c-mm-  being  the  contents  overlying  a square),  and  divide  by  the 
number  of  squares  counted.  Example:  A count  gives  490  red  cells  in  80 

squares;  490  x 2°°  x 4°°°  = 4,900,000,  the  number  of  cells  in  1 c.mm. 
of  blood.  It  will  readily  be  seen  that  if  490,  the  number  of  cells 
counted,  be  eliminated  from  this  formula,  the  remaining  numbers, 
2 00 X 4000-j-  80,  will  give  10,000.  Hence  if  this  degree  of  dilution  and 
number  of  squares  be  employed  in  each  count,  the  problem  is  reduced  to 
multiplying  the  number  of  cells  counted  by  10,000;  this  is  simply  annexing 
four  ciphers,  and  the  total  is  thus  obtained  instantly  without  computation. 
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In  recording  the  corpuscular  richness  (erythrocytes  or  leukocytes)  of 
the  blood  it  is  customary  to  give  simply  the  number  without  stating  the 
quantity  of  blood — e.  g.,  “4,900,000  red  cells’’  means  that  that  number 
was  found  in  1 c.mm.  of  blood. 

Counting  White  Corpuscles. — To  count  the  white  corpuscles  in  a 
dilution  such  as  that  used  for  the  red  would  require  more  time  and  a 
much  larger  ruled  space  than  is  available  in  the  Thoma-Zeiss  instrument. 
For  this  reason  a lower  dilution  is  used — 1:20,  instead  of  1:200 — and 
for  diluting,  a o . 3 to  1 per  cent,  solution  of  acetic  acid,  which  destroys  the 
red  blood-cells,  at  the  same  time  making  the  white  cells  more  distinct. 
The  entire  field  of  400  squares  should  be  counted  in  at  least  two,  and 
better  three  or  four,  drops.  The  method,  with  the  foregoing  exceptions, 
is  as  given  for  the  red;  in  the  calculation,  20  is  substituted  for  200  and 
400  for  80.  The  constant  factor  is  such  formula  will  be  200,  and  this 
may  be  used  for  multiplying  the  number  of  leukocytes  counted,  in  the 
manner  that  10,000  is  employed  for  the  red  cells.  Better  than  the 
Thoma-Zeiss  chamber  for  counting  the  leukocytes,  however,  is  the  Zappert, 
or,  if  preferred,  one  of  the  many  still  more  elaborately  ruled  stages,  in 
which  eight  additional  large  squares  surrounding  the  one  representing 
the  older  pattern  are  made  available.  Counting  the  entire  nine  squares, 
gives  the  equivalent  of  3600  of  the  small  squares,  and  one  filling  of  the 
counting  chamber  suffices.  With  such  a chamber  the  leukocytes  may  be 
counted  in  the  mixture  employed  for  enumerating  the  red  cells  if  either 
of  the  following  diluting  solutions  be  used: 

Toisson's  Solution. 


Methyl- violet 0.025  gm- 

Sodium  chlorid 1 . o gm. 

Sodium  sulphate 8.0  gm. 

Glycerin 30.0  c.c. 

Distilled  water 160.0  c.c. 

Sherrington' s Solution. 

Ehrlich’s  purified  methylene-blue 0.1  gm. 

Sodium  chlorid 1.2  gm. 

Neutral  potassium  oxalate 1.2  gm. 

Distilled  water 300.0  gm. 


The  anilin  dyes  contained  in  these  solutions  stain  the  leukocytes, 
and  thereby  make  possible  their  enumeration.  A stain  may  also  be  added 
to  other  diluting  fluids. 

Cleaning  the  Hemocytometer. — In  every  instance  this  should  be  done 
as  soon  as  the  count  is  completed.  The  counting  chamber  must  be 
cleaned  with  water  only,  and  this  should  not  be  hot;  otherwise  the 
cement  holding  the  rim  of  glass  will  be  softened.  Various  methods  for 
cleaning  the  pipets  are  recommended,  most  of  them  making  use  of  water, 
alcohol,  and  ether  in  the  order  named.  The  simplest  and  by  far  the 
best  plan  is  to  remove  the  rubber  tube  and  expel  the  contents  of  the 
pipet  by  means  of  a small  ear  syringe  fitted  over  the  end.  Keeping  the 
bulb  compressed,  the  free  end  of  the  pipet  is  immersed  in  water  and  the 
bulb  allowed  slowly  to  expand,  thus  filling  the  pipet,  which  in  this  manner 
is  washed  twice  with  water  and  twice  with  alcohol.  It  is  then  dried  by 
warming  over  a Bunsen  burner  sufficiently  to  vaporize  the  alcohol.  This 
can  be  done  without  endangering  the  instrument  if  it  be  kept  constantly 
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rotating  and  is  tested  by  the  fingers  to  guard  against  overheating. 
Vaporization  is  aided  by  occasionally  forcing  air  through  the  pipet  with 
the  bulb. 

Differential  Counting. — Dried  and  fixed  films  are  stained  by  Ehrlich’s 
or  Wright’s  stain,  and  mounted  as  already  directed.  Then  the  leuko- 
cytes are  counted  by  traversing,  in  straight  lines,  more  or  less  of  the 
stained  field,  being  careful  to  avoid  going  over  the  same  point  twice  and 
counting  200  to  500  leukocytes.  A mechanical  stage  greatly  facilitates 
the  count.  On  a piece  of  paper  by  the  side  of  the  microscope  are  arranged 
columns,  at  the  top  of  which  are  written  the  forms  of  leukocytes;  after 
counting  the  required  number,  the  columns  are  added  and  the  percentage 


Fig.  197. — Hematocrit  Tube.  (Twice  natural  size.) 

The  tube  as  illustrated  has  been  filled  with  blood  and  rotated,  as  directed  in  the  text,  until  the  erythrocytes 
have  collected  at  one  end,  occupying  45  degrees  (or  graduation-marks).  This,  multiplied  by  100,000, 
gives  4,500,000 — the  number  of  erythrocytes  to  the  cubic  millimeter  of  blood. 


of  each  form  present  is  calculated.  Differential  counting  of  diseased 
red  cells  is  sometimes  resorted  to,  and  may  be  done  in  the  same  manner. 

Hematocrit. — This  instrument  (see  chapter  on  Examination  of  the 
Urine)  readily  enables  one  to  estimate  the  volume  of  the  red  corpuscles. 
It  consists  of: 

1.  Two  glass  tubes,  50  mm.  long,  with  a lumen  of  0.5  mm.,  and 
graduated  into  100  parts.  (Fig.  197.) 

2.  A metallic  frame  (Fig.  198),  in  which  the  glass  tubes  are  fastened 
— on  the  outer  side  by  a metallic  cup  in  the  frame,  and  at  the  proximal 
extremity  by  a spring,  which  is  attached  to  a hollow  metal  cylinder, 


Fig.  198. — Rotating  Frame  op  the  Hematocrit. 

The  tube  on  the  right  is  in  position;  the  tube  on  the  left  shows  the  graduation  and  the  direction  which' the 
smaller  end  should  take  when  in  position.  The  entire  metal  frame  is  to  be  placed  on  the  vertical 
support,  as  described  in  the  chapter  on  Examination  of  the  Urine. 


that  projects  downward  from  the  center  of  the  frame,  and  by  means 
of  which  the  frame  can  be  made  to  rotate  on  a vertical  axis.  The  cups 
receiving  the  ends  of  the  glass  tubes  contain  rubber  washers  that  also 
act  as  cushions. 

3.  A vertical  support,  which  can  be  made  to  rotate.  A speed  of  at 
least  10,000  rotations  a minute  is  necessary. 

4.  A metallic  box,  to  be  fastened  to  a table,  and  containing  the  ma- 
chinery by  which  the  vertical  support  is  rotated. 

To  Use  the  Hematocrit. — One  of  the  graduated  tubes,  previously 
well  cleaned,  is  attached  by  means  of  a short  piece  of  pure  rubber  tubing 
to  a medicine-dropper.  The  bulb  of  the  dropper  is  gently  compressed, 
and  the  end  of  the  graduated  tube  is  presented  to  the  escaping  blood; 
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the  compressed  bulb  of  the  pipet  is  slowly  released,  thereby  sucking 
the  blood  into  the  capillary  tube.  As  soon  as  the  tube  is  full,  the  end 
in  the  drop  of  blood  is  pressed  against  the  patient’s  thumb  or  other 
surface  from  which  the  blood  is  being  obtained,  without  withdrawal 
from  the  drop,  and  the  rubber  tube  and  the  medicine-dropper  are  detached 
from  the  hematocrit  tube.  Figure  199  and  the  legend  explain  the  usual 
method  by  which  the  tube  is  filled.  If  but  one  tube  is  to  be  filled,  the 
other  should  be  in  place  in  the  rotating  frame  of  the  instrument,  to  act  as  a 
counterpoise  to  the  charged  tube.  As  soon  as  the  latter  is  filled,  it  is  placed 
in  position  in  the  frame,  which  is  at  once  rotated  at  the  rate  of  10,000 
revolutions  a minute  for  two  minutes.  The  red  blood-corpuscles  collect 
in  the  distal  extremity  of  the  tube,  the  leukocytes  near  the  center,  and  the 
liquor  sanguinis  in  the  proximal  portion.  Find  the  number  of  degrees 
the  red  cells  occupy,  and,  as  each  degree  represents  approximately  100,000 
cells  to  the  cubic  millimeter,  the  addition  of  five  ciphers  gives  the  number 
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Fig.  199.- — A Method  of  Filling  the  Centrifuge  Tube. 


A.  The  hand  of  the  patient.  The  thumb  has  been  punctured  and  is  firmly  supported  by  the  left  hand  of 
the  operator,  as  shown  at  B.  C.  The  right  hand  of  the  operator,  holding  the  capillary  tube,  to  which 
is  attached  a rubber  tube,  D.  To  the  latter  suction  is  applied,  thereby  drawing  the  blood  up  into  the 
capillary±tube.  By  some  workers  this  method  is  preferred  to  that  recommended  in  the  text. 


of  red  cells  to  the  cubic  millimeter.  Thus,  if  the  red  cells  occupy  fifty 
graduations  on  the  scale,  there  are  5,000,000  red  cells  to  the  cubic 
millimeter.  (See  Fig.  197.) 

It  is  apparent  that  the  result  is  in  volume  of  red  cells,  and  not  the  num- 
ber that  must  be  obtained  by  a calculation  which  does  not  take  into  con- 
sideration the  size  of  the  cells.  When  the  red  cells  are  larger  than  normal 
the  greater  volume  would  give  a misleading  result.  The  reverse  is  equally 
true. 

Volume  Index. — The  use  of  the  hematocrit  in  conjunction  with  the 
hemocytometer  makes  possible  the  determination  of  the  volume  index, 
which  indicates  the  volume  of  the  individual  red  cell  as  the  color  index 
represents  its  hemoglobin  content.  It  is  obtained  by  dividing  the  per- 
centage volume  of  the  red'  cells  by  their  percentage  number.  Example: 
If  the  column  of  red  cells  in  the  hematocrit  reaches  45  instead  of  50,  the 
normal,  the  percentage  volume  is  90;  if  the  count  be  4,000,000,  the  per- 
centage number  is  80 ; 90  -4-  80  = 1. 1 25,  the  volume  index. 

Coagulation  Time. — No  reasonably  satisfactory  method  for  deter- 
mining the  coagulation  time  of  the  blood  has  been  devised.  The  sim- 
plest is  that  of  Milian,  which  consists  in  placing  a large  drop  of  blood 
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upon  a clean  glass  slide,  the  latter  being  tilted  toward  a vertical  plane 
after  the  lapse  of  a few  minutes  to  determine  if  the  shape  of  the  drop 
is  thereby  changed.  During  the  time  it  is  fluid,  this  manipulation 
causes  the  drop  to  assume  a pear  shape;  when  coagulation  has  occurred, 
tilting  does  not  change  the  outline  of  the  drop.  Normally,  coagulation 
is  said  to  occur  in  five  minutes;  personal  observations  indicate  that 
a considerably  longer  time  is  usually  required.  The  hemogelometer 
of  Biffi  gives  promise  of  being  a valuable  device.  Essentially  it  is  a 
large  glass  tube  closed  by  a doubly  perforated  stopper  which  transmits 
a thermometer  and  a glass  rod.  From  the  lower  end  of  the  latter  pro- 
jects a platinum  wire  bearing  a series  of  loops  which  can  be  lowered 
into  the  water  half  filling  the  tube.  These  loops  are  in  succession  touched 
to  drops  of  blood,  and  after  a few  minutes  are  at  regular  intervals  im- 
mersed by  lowering  the  wire.  Coagulation  is  shown  when  a drop  fails 
rapidly  to  diffuse  in  the  water,  ordinarily  in  from  seven  to  ten  minutes. 

Wright’s  coagulometer  is  one  of  the  more  elaborate  instruments, 
but  for  clinical  work  is  little,  if  any,  better  than  those  named,  one  of 
the  principal  objections  being  the  large  quantity  of  blood  required. 
It  consists  of  a set  of  heavy  glass  tubes,  with  a capillary  bore,  open 


Fig.  200. — Russell-Brodie  Coagulometer. 


at  both  ends.  At  intervals  of  a minute  the  tubes  are  partly  filled  with 
blood  and  kept  at  body-temperature  by  immersion  in  water.  In  succes- 
sion the  blood  is  forced  out  upon  white  paper  by  blowing  into  the  tubes, 
coagulation  being  shown  by  the  presence  of  a capillary  clot.  The  elapsed 
time  since  that  particular  tube  was  filled  is  the  coagulation  time,  which  in 
normal  blood  is  usually  from  four  to  seven  minutes. 

The  instrument  of  Russell  and  Brodie,  as  modified  by  Boggs,  is  highly 
recommended  by  some  workers.  It  is  used  on  a microscope  stage  and 
consists  of  a chamber  (in  the  original  instrument  a moist  chamber)  into 
which  fits  a truncated  glass  cone.  On  the  lower  surface  of  the  cone  is 
placed  a drop  of  blood,  against  the  periphery  of  which  a jet  of  air  may  be 
forced  through  a capillary  tube.  The  motion  of  the  red  cells  thus  caused 
is  observed  through  the  microscope,  their  clumping  and  final  lack  of 
circular  motion  indicating  when  coagulation  has  occurred.  The  test  is 
then  completed  by  touching  the  drop  to  filter  paper.  As  little  blowing  of 
air  as  possible  should  be  done,  as  this  mechanically  interferes  with  the 
blood  and  is  one  of  the  chief  objections  to  the  instrument. 

general  pathology,  composition,  and  structure  of  the  blood. 

The  circulating  normal  blood  consists  of  a fluid  portion  (the  liquor 
sanguinis)  in  which  are  suspended  the  solid  elements — the  blood-cor- 
puscles or  blood-cells.  The  liquor  sanguinis  is  probably  identical — or 
practically  so,  at  least — with  the  circulating  medium  outside  the  blood- 
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vessels  in  the  primitive  lymph-spaces,  which  passes  to  the  lymph  nodes 
and  is  returned  to  the  circulation.  As  a part  of  the  blood,  the  liquor 
sanguinis  is  more  than  a mere  vehicle  for  the  transportation  of  the  solid 
elements,  and  with  its  complex  chemistry  is  the  essential  food-carrying 
body  to  the  tissue  at  large.  It  is  composed  of  the  elements  out  of  which 
serum  and  fibrin  may  be  formed;  and  while  this  separation,  so  far  as 
the  plasma  is  concerned,  is  largely  a death  change,  still,  evidence  is 
not  wanting  to  show  that  fibrin  formation  may  be  an  essential  element 
in  the  protection  of  the  organism  and  in  repair.  Thus,  the  distinct 
wall  of  fibrin  that  forms  around  infected  areas  or  covers  an  infected 
serous  surface,  such  as  a pleura,  and  through  which  osmosis  and  the 
absorption  of  bacterial  products  are  reduced  to  a minimum,  acts  not 
only  as  a scaffold  upon  which  embryonic  tissue,  and  eventually,  granula- 
tion tissue,  can  build  the  framework  which  is  to  repair  the  injured  part, 
but  also  as  a prophylactic,  limiting  membrane,  through  which  infection 
travels  only  with  the  greatest  difficulty.  Again,  of  all  the  structures 
produced  within  the  body,  fibrin  offers  the  greatest  resistance  to  many 
of  the  injurious  incidents  to  which  the  tissues  are  liable;  the  constant 
pressure  of  the  circulating  blood,  as  in  an  aneurysm,  may  lead  to  atrophy 
and  to  the  disappearance  of  bone,  unless  conditions  arise  that  determine 
the  intervention  of  a wall  of  fibrin,  through  which,  not  uncommonly, 
we  may  hope  for  a cure.  The  exact  factors  that  enter  into  the  chemistry 
of  fibrin  formation  are  not  known;  although  the  third  corpuscle  (blood- 
platelet)  seems  to  bear  some  causative  relation  to  the  process,  the  charac- 
ter and  extent  of  such  influence  remain  one  of  the  unsolved  problems  of 
physiologic  chemistry. 

An  excess  of  fibrin,  or,  more  truly,  of  fibrin-forming  elements,  con- 
stitutes hyperinosis — a condition  present  in  pregnancy,  and  occasion- 
ally in  chlorosis  and  other  forms  of  anemia.  Hypinosis,  or  reduction 
in  the  fibrin-forming  elements,  is  sometimes  observed  in  leukemia  and 
pernicious  anemia.  In  addition  to  the  influences  modifying  the  amount 
of  fibrin,  there  are  marked  differences  in  the  rapidity  with  which  it 
is  formed.  As  a rule,  intravascular  coagulation  begins  shortly  after 
death.  To  this,  however,  there  are  notable  exceptions.  The  author 
recalls  a case  of  pernicious  anemia  in  which,  at  the  postmortem,  made 
twelve  hours  after  death,  the  blood  had  not  coagulated.  After  removal 
from  the  cardiac  cavities  a quantity  collected  in  a jar  for  later  study 
developed  a satisfactory  coagulum.  Usually  the  blood  is  less  coagulable 
in  hemophilia,  in  which  disease  its  coagulability  may  be,  in  some  cases, 
increased  by  the  administration  of  calcium  salts,  while  in  other  cases  the 
local  application  or  the  internal  administration  of  these  agents  fails  to 
influence  the  condition.  The  injection  or  application  of  human  or 
horse  serum  sometimes  stimulates  coagulation  of  the  blood  in  this  dis- 
ease, as  well  as  in  cases  of  lengthened  coagulation  time  in  jaundice. 
Lessened  coagulability  is  present  in  the  blood  after  death  from  poison- 
ing by  carbonic  acid  or  by  carbon  monoxid  and  in  some  cases  of  as- 
phyxia. Snakevenom  and  bacterial  products  lessen  the  coagulability  of 
the  blood. 

Hydremia1  is  a condition  in  which  the  blood  contains  an  excess  of 
water.  After  a hemorrhage  the  volume  of  blood  is  made  up  by  the 
abstraction  of  fluid  from  the  tissues  at  large,  and  consequently  there  is 
a more  or  less  temporary  hydremia.  When  it  is  reasonable  to  believe 

1 See  also  p.  253. 
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that  there  is  an  increased  amount  of  blood,  and  that  the  increased  quan- 
tity is  due  to  the  addition  of  water  or  saline  solutions,  as  after  the  injec- 
tion of  a large  quantity  of  normal  salt  solution,  the  condition  is  called 
hydremic  plethora.  Under  ordinary  conditions  hydremia  quickly  dis- 
appears as  a result  of  the  excretion  of  water  by  the  emunctories,  particu- 
larly the  kidneys. 

Anhydremia  is  the  reverse  of  hydremia.  The  lessened  amount  of 
water  present  in  the  blood  usually  results  from  its  rapid  extraction, 
although  it  is  conceivable  that  a diminished  supply  would  induce  the 
same  condition.  The  concentration  is  usually  brought  about  by  the 
discharge  of  fluid  by  the  skin,  intestine,  or  kidney.  As  the  principal 
constituent  so  removed  is  water,  it  is  this  element  that  is  reduced.  As 
a rule,  anhydremia,  like  hydremia,  is  temporary.  In  the  former  condition 
the  tissues  quickly  supply  the  requisite  amount  of  fluid. 

In  a number  of  morbid  conditions  the  blood-plasma  contains  abnormal 
bodies  or  normal  constituents  in  abnormal  quantities.  A small  quantity 
of  fat  is  present  in  normal  blood;  occasionally,  however,  as  in  alcoholism, 
diabetes,  and  a few  other  conditions,  it  may  be  markedly  increased,  pro- 
ducing a condition  called  lipemia.  The  fat  may  be  recognized  in  the 
freshly  drawn  blood  as  small,  highly  refractile  granules  which  not  un- 
commonly manifest  active  movement.  The  examination  is  conducted  as 
already  directed.  (Seep.  379.)  Dry  spreads  fixed  in  osmic  acid  will  show 
the  blackened  fat  droplets.  (See  also  Demonstration  of  Fat,  p.  234.)  The 
serum  obtained  by  the  centrifuge  may  contain  enough  fat  to  render  it 
turbid.  The  small  quantity  of  glucose  normally  present  in  the  blood  is 
markedly  increased  in  diabetes,  in  which  disease  it  may  be  present  to  the 
extent  of  0.7  per  cent,  instead  of  the  normal,  0.117  per  cent.  An  increased 
amount  of  sugar  in  the  blood  is  called  glycemia.  In  leukemia,  in  pneumo- 
nia, in  some  forms  of  anemia,  and  at  times  in  Bright’s  disease  there  is  an 
increase  of  uric  acid,  or,  more  properly,  of  uric  acid  salts,  in  the  blood.  In 
gout  the  increase  in  urates  (uratemia)  is  sometimes  most  marked. 

The  presence  of  bile  pigments  in  the  blood  (cholemia)  is  the  essen- 
tial phenomenon  of  jaundice  (p.  36).  Clinicians  recognize  a form  of 
intoxication  which  has  long  been  termed  uremia.  At  one  time  this  was 
presumed  to  be  due  to  the  presence  of  an  excess  of  urea  in  the  blood. 
Later  investigations  have  shown,  however,  that  no  quantity  of  urea, 
however  large,  introduced  into  the  circulation  reproduces  the  clinical 
picture  of  uremia.  Blood-plasma  also  contains  certain  globulicidal  bodies 
destructive  to  red  blood-cells  of  other  animals.  The  bactericidal  and  anti- 
toxic bodies  in  the  blood  have  already  been  considered.  (See  pp.  55  to  69.) 

Recent  investigations,  both  experimental  and  clinical,  seem  to  indicate 
that  a study  of  the  freezing-point  of  the  blood  may  be  of  value  in  certain 
cases.  Normal  blood  freezes  at  about  0.550  to  0.58°  C.,  below  the  freezing- 
point  of  distilled  water.  Agents  causing  renal  irritation  or  necrosis,  such 
as  cantharides,  and  morbid  conditions  associated  with  renal  insufficiency, 
may  lower  the  freezing-point  to  o.6°  or  o.8°  C.  or  even  beyond  this  point. 
The  removal  of  one  kidney  similarly  influences  the  freezing-point. 

The  viscosity,  or  internal  friction,  of  the  blood  is  measured  by  instru- 
ments devised  by  Hirsch  and  Beck,1  Determann,2  and  Hess.3  Viscosity 

1 Munch.  Med.  Wochen.,  No.  49,  1900. 

2 Zeitschr.  f.  klin.  Med.,  Bd.  lxxvi,  H.  3-4,  1910;  Die  Viskositat  des  Menschlichen 
Blutcs,  Wiesbaden,  1910. 

3 Munch.  Med.  Wochen.,  No.  32,  1907. 
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is  the  resistance  to  motion  among  themselves  of  the  molecules  of  a fluid 
and  hence  really  determines  its  mobility.  As  compared  to  water,  the 
viscosity  of  the  blood  ranges  from  4.5  to  5.5.  It  is  probable  that  certain 
circulatory  phenomena  in  disease  are  based  at  least  partly  on  changes  in 
the  viscosity  of  the  blood,  although  data  are  yet  too  meager  from  which 
to  draw  definite  conclusions. 

The  chief  solid  constituents  of  the  blood  are  the  red  corpuscle,  or 
erythrocyte;  the  white  corpuscle,  or  leukocyte;  and  the  blood-platelet. 

The  red  blood-cell,  or  erythrocyte,  of  man  is  a smooth,  highly  elastic, 
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Fig.  201. — Diagrammatic  Representation  op  Various  Forms  and  Sizes  op  Red  Cells.  ( From  a case 

of  pernicious  anemia  reported  by  Dr.  J . C.  DaCosta,  Jr.) 

a.  Erythrocyte  (introduced  to  give  an  approximate  idea  of  the  size  of  Jo  ther  cells),  o,  b.  Microcyte,  c. 
Megaloblast.  d,  d.  Macrocyte  (larger  macrocytes  are  also  outlined,  some  of  which  are  poikilocytes) . 
e,  e,  e,  e,  e,  e,  e.  Poikilocytes;  other  poikilocytes  are  also  shown.  /.  Finely  granular  oxyphile  (poly- 
morphonuclear leukocyte).  The  granules  are  not  shown,  but  the  extreme  irregularity  of  the  nucleus 
is  indicated. 


biconcave  disc,  which  does  not  possess  a nucleus.  From  seventy  to  eighty 
per  cent,  of  the  erythrocytes  possess  an  average  diameter  of  7.5  p.  Of  the 
remaining  twenty  per  cent,  about  half  are  slightly  larger,  and  the  remaining 
cells  slightly  smaller,  than  the  average  given.  In  the  normal  blood,  cells 
smaller  than  usual  are  probably  more  frequent  than  the  larger  cells.  The 
smaller  cells  usually  measure  between  6 p and  7 p,  although  cells  measuring 
less  than  4 p (dwarf  cells)  may  occasionally  be  observed.  The  larger  cells 
are  more  conspicuous  in  infancy,  and  are  rarely  seen  after  adolescence. 
In  a number  of  morbid  processes  abnormal  form  and  size  constitute  im- 
portant alterations.  In  certain  anemias  many  of  the  cells  are  small  (micro- 
cytes) ; the  condition  is  called  microcytosis,  or  microcythemia.  In  some 
instances  a varying  number  of  the  erythrocytes  possess  diameters  of  8 p 
or  9 p,  or  are  even  larger;  an  occasional  cell  may  attain  a maximum 
measurement  of  15  p.  Such  cells  are  called  macrocytes,  or  megalocytes, 
and  the  condition  is  known  as  macrocytosis,  or  macrocythemia.  Microcytes 
are  not  uncommonly  spheric,  and  in  macrocytes  the  biconcavity  is  often 
inconspicuous  or  absent.  Microcytosis  and  macrocytosis  are  frequently 
associated.  The  small  hemal  element  described  by  Eichhorst  is  really 
an  irregularly  staining  microcyte  from  2.5  p to  4 p in  diameter.  It  differs 
from  the  usual  microcyte  in  the  intensity  with  which  it  stains. 
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As  a result  of  disease,  erythrocytes  may  change  their  form,  becoming 
ovoid,  pyriform,  knobbed,  bobbin-shaped,  etc.  Cells  showing  such  ab- 
normality in  form  are  called  poikilocytes,  or  schistocytes ; the  condition  is 
known  as  poikilocytosis.  Microcytes  and  macrocytes,  as  well  as  the  nucle- 
ated forms  to  be  considered  later,  not  uncommonly  manifest  more  or  less 
irregularity  in  shape,  and  may  be  properly  considered  as  poikilocytes.  It 


is  possible,  by  error  in  technic,  to  produce  a distortion  of  the  erythrocytes, 
which  may  mislead  the  uninitiated.  If,  in  making  the  cover-glass  spreads, 
as  already  directed,  the  two  cover-glasses  (p.  380)  be  left  in  contact  too  long, 
the  act  of  separation  may  stretch  the  erythrocytes  so  that  one  diameter 
will  be  greater  than  another,  a condition  frequently  observed  in  poikilocyto- 
sis. A careful  study  of  such  a field  will  show  that  the  cellular  distortion 
leads  to  an  elongation  of  all  the  affected  cells  in  one  direction,  a condition 
never  observed  in  true  poikilocytosis. 

Crenation  is  an  appearance  closely  resembling  poikilocytosis,  but 
develops  after  the  blood  has  been  drawn.  Crenated  cells  are  irregular, 
and  show  knobbed  projections  from  their  surfaces  associated  with  more 
or  less  shrinking  of  the  protoplasm;  by  some  it  is  believed  that  crenation 
is  the  extravascular  analogue  of  intravascular  poikilocytosis. 

Early  in  fetal  life  the  nucleated  red  blood -cells  normally  present  at 
that  period  begin  to  disappear,  and  at  birth,  or  shortly  after,  are  no  longer 


Fig.  203. — Tpyes  of  Red  Blood-cells;  also  Leukc- 
Cytes,  as  at  a.  ( Lartdois .) 


Fig.  204. — Poikilocytes. 


present  in  the  normal  blood.  In  certain  morbid  conditions,  however, 
they  form  conspicuous  hemal  elements.  It  is  usually  held  that  at  some 
stage  in  its  evolution  the  red  blood-corpuscle  possesses  a nucleus,  which 
disappears  before  the  cell  assumes  the  function  of  a hemal  cell.  Exactly 
how  this  disappearance  of  the  nucleus  is  accomplished  has  not  been 
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accurately  determined.  According  to  some  observers,  the  nucleus  dis- 
appears by  extrusion,  while  others  think  it  is  removed  by  a process  of 
absorption  or  of  disintegration.  The  nucleated  cells  seen  in  the  blood 
are  of  different  sizes,  justifying  to  a certain  extent  the  division  into  three 
kinds. 

Normoblasts  are  nucleated  red  cells  the  diameter  of  which  is  approxi- 
mately that  of  the  normal  erythrocyte.  The  size  of  the  nucleus  varies,  and 
it  is  usually  eccentric  in  location.  It  is  rich  in  chromatin,  stains  with 
intensity  by  the  usual  nuclear  stains,  and  not  uncommonly  contains  a 
fine,  intranuclear  net.  Occasionally,  the  nucleus  will  be  found  partly 
outside  of  the  protoplasm — a condition  that  suggests  its  extrusion. 
Sometimes,  in  properly  fixed  preparations  evidences  of  mitosis  may  be 
present,  or  the  cell  may  contain  two  or  even  three  nuclei;  these  may 
appear  distinct  and  separate,  while  in  other  cells 
connecting  bands  of  chromatin  may  be  recognized. 

The  perinuclear  protoplasm  contains  more  or  less 
hemoglobin,  and  hence  stains  with  the  acid  anilin 
dyes.  The  outline  of  the  cell  is  commonly  uneven, 
so  that  a varying  percentage  of  these  cells  may 
properly  be  called  nucleated  poikilocytes,  or  poikilo- 
blasts. 

The  microblast  is  a small  nucleated  form,  smaller 
than  the  normal  red  blood-cell;  both  nucleus  and 
protoplasm  are  diminished  in  quantity,  although 
occasionally  microcytes  may  be  found  possessing  a 
nucleus  as  large  as  the  nucleus  of  the  normoblast.  Intranuclear  changes 
are  infrequent.  The  perinuclear  protoplasm  is  not  uncommonly  shredded, 
and  the  cell  is  regarded  by  most  observers  as  a degenerated,  necrobiotic, 
or  fragmenting  form  of  the  normoblast. 

Megaloblasts,  or  macroblasts  (also  called  gigantoblasts ) , are  abnormally 
large  red  cells  possessing  nuclei;  the  diameter  of  such  cells  usually  exceeds 
10  fx,  and  may  attain  16  /x.  The  nucleus  is  relatively  large,  but  stains  with 
less  intensity  than  the  nucleus  of  the  normoblast.  The  perinuclear  pro- 
toplasm is  usually  rich  in  hemoglobin.  The  cell  not  uncommonly  shows 
degenerative  changes,  as  indicated  by  the  unevenness  in  staining  and  by 
the  occurrence  of  vacuoles  in  its  interior.  Frequently  such  cells  are  irregu- 
lar in  conformation,  and  may  be  properly  called  poikiloblasts.  The  dem- 
onstration that  unusually  large  red  blood-cells  (megalocytes  or  megalo- 
blasts) may  contain  more  hemoglobin  than  corpuscles  normal  in  size  pos- 
sibly explains  the  fact  that  in  certain  diseases  in  which  these  cells  are  com- 
paratively abundant  the  color-index  is  usually  high.  (See  Pernicious 
Anemia.) 

In  addition  to  abnormality  in  size  and  shape,  certain  necrotic  altera- 
tions are  sometimes  present  in  the  red  blood-cells.  By  some,  poikilo- 
cytosis  is  regarded  as  an  evidence  of  necrotic  change,  and  the  endoglobular 
alterations  about  to  be  described  are  not  uncommonly  associated  with,  or 
terminate  in,  the  production  of  poikilocytes.  The  central  normally  pale 
area  of  the  corpuscle  may  increase  in  pallor,  and  may  eventually  lose  all 
its  coloring-matter;  the  periphery  at  the  same  time  may  show  deepening  of 
color.  Sometimes  hyaline  or  vacuolated  spots  appear  in  the  periphery 
of  the  cell,  or  the  cell  becomes  ovoid  in  profile  with  a vacuole  at  one  or  both 
ends.  A number  of  these  changes,  associated  with  solution  of  the  hemo- 


Fig.  205. — Crenated  Red 
Blood-  corpuscles. — 
( Landois .) 

Often  seen  in  improperly 
fixed  blood  slides,  in 
freshly  drawn  blood 
after  prolonged  study 
under  the  microscope, 
in  urine,  etc. 


6 


402 


SPECIAL  PATHOLOGY. 


globin  and  other  soluble  parts  of  the  cell,  have  been  grouped  by  Arnold 
under  the  name  erythrocytolysis,  or  plasmolysis.  Crenation,  which  ordi- 
narily is  not  developed  for  some  time  after  the  blood  is  drawn, 
may  be  present  immediately  after  shedding.  The  lcnob-like  projections 
seen  on  crenated  cells  may  break  off  (plasmorrhexis)  and  float  free  in  the 
blood. 

Basophilic  granulation  of  the  erythrocyte  occurs  in  various  types  of 
anemia,  but  approaches  constancy  in  only  one,  that  due  to  chronic  lead- 
poisoning. In  cases  of  this  disease  presenting  an  atypic  symptom-complex, 
such  cells  become  a prominent  diagnostic  feature.  They  are  present  in 
some  cases  of  pernicious  anemia,  leukemia,  carcinoma,  malaria,  septice- 
mia, and  chronic  suppuration.  The  granules  vary  in  size  and  may  be 
distributed  throughout  the  cell  or  grouped  in  small  or  large  masses;  they 
are  well  shown  by  Wright’s  stain.  The  older  view  that  the  process  is  a 
degeneration  of  the  protoplasm  of  the  red  cell  is  still  held  by  many  ob- 
servers, although  Naegeli  and  others1  consider  it  regenerative  in  nature. 
Vaughan2  has  reached  the  conclusion  that  basic-staining  granules  in  small 
numbers  are  present  in  the  red  cells  of  healthy  persons,  and  regards  them 
as  the  fragmented  remains  of  nuclei.  This  view  is  in  a degree  supported 
by  the  fact  that  nucleated  reds  are  usually  numerous  in  the  most  marked 
cases  of  granulation. 

The  number  of  red  blood-cells  normally  present  is  approximately 
5,000,000  in  man  and  4,500,000  in  woman  to  each  cubic  millimeter  of 
blood.  A reduction  in  the  number  of  erythrocytes  is  called  oligocythemia. 
The  number  is  reduced  by  hemorrhage  and  by  various  anemias,  which  will 
be  considered  later,  and  also  by  prolonged  exertion ; menstruation  is  usually 
followed  by  a slight  decrease.  The  most  marked  diminution  in  number  is 
seen  in  pernicious  anemia,  in  which  the  oligocythemia  may  be  extreme. 
Counts  as  low  as  500,000  are  not  infrequent,  and  a minimum  of  143,000 
has  been  recorded. 

Blood  containing  more  corpuscles  than  normal  is  said  to  show  poly- 
cythemia (polyglobuly).  Within  the  first  twenty-four  hours  following 
birth  a maximum  of  from  6,000,000  to  6,500,000  may  be  reached. 

Aside  from  this  physiologic  increase,  little  is  known  of  the  etiologic 
factors  active  in  the  production  of  corpuscular  plethora,  or  polycythemia. 
Impeded  circulation,  or  even  the  influence  of  gravity,  may  slightly 
increase  the  number  of  corpuscles  present  in  a given  area.  In  cyanosis 
and  in  cardiac  lesions  associated  with  peripheral  stasis  relatively  high 
counts  are  not  infrequent.  The  polycythemia  observed  in  the  cyanosis 
of  congenital  heart  disease  may  be  extraordinary,  as  in  the  case  reported 
by  Baunholtzer — 9,447,000  erythrocytes,  160  per  cent,  of  hemoglobin. 
As  a result  of  the  loss  of  fluid  from  the  vascular  system — as  by  serous 
diarrhea,  profuse  sweating,  excessive  vomiting,  etc. — the  temporary 
concentration  of  the  blood  increases  the  number  of  corpuscles  present 
in  a given  quantity.  The  condition  is,  as  a rule,  temporary  under  such 
circumstances.  An  interesting  form  of  polycythemia  is  that  which 
develops  during  residence  in  high  altitudes.  As  a rule,  the  maximum 
polycythemia  resulting  from  this  cause  does  not  manifest  itself  for  a 
month  or  more,  but  not  infrequently  within  twenty-four  hours  after 

1 Konig,  Folia  Hematologica,  ix,  1910,  p.  278;  review  of  literature  by  Fiessinger 
and  Abrami,  Rev.  de  Med.,  No.  1,  1909. 

2 Jour,  of  Med.  Research,  vol.  x,  1903,  p.  342. 
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the  ascent  a notable  increase  in  the  number  of  red  blood-cells  may  be 
observed.  Solly  records  an  instance  in  which  a day’s  excursion  was 
attended  by  an  increase  of  600,000  red  cells.  The  total  rise  in  the  num- 
ber of  red  cells  may  reach  from  twenty  to  fifty  per  cent.,  not  infrequently 
exceeding  the  latter.  The  erythrocruorin  does  not  keep  pace  with  the 
increase  in  red  blood-cells,  although  the  percentage  of  hemoglobin  is  usu- 
ally augmented.  Whether  the  polycythemia  is  due  to  increased  periph- 
eral distribution,  to  more  active  blood  production,  or  to  the  lengthened 
life  of  the  red  blood-cells  has  not  been  satisfactorily  determined;  the 
second  is  possibly  the  most  important  factor.  The  polycythemias  of 
phosphorus-poisoning,  carbon-monoxid-poisoning,  and  that  occasionally 
observed  in  tuberculosis  have  not  received  any  fully  satisfactory  ex- 
planation. 

Polycythemia  with  chronic  cyanosis  and  enlarged  spleen,1  accompanied 
by  vasomotor  and  other  disturbances,  form  a symptom-complex  of  which 
a number  of  cases  are  now  on  record.  The  red  cells  usually  range  be- 
tween 8,000,000  and  10,000,000,  though  a count  of  13,600,000  has  been 
found;  the  hemoglobin  commonly  is  from  115  to  160  per  cent,  with 
a recorded  maximum  of  200  per  cent.  In  some  instances  the  cyanosis 
is  violet  rather  than  blue,  suggesting  an  added  hyperemia.  The  disease, 
if  it  may  be  called  a clinical  entity,  is  of  long  duration,  four  to  ten  or 
more  years.  The  lesion  of  the  spleen  is  commonly  a diffuse  hyperplasia, 
though  in  a few  cases  the  organ  was  little  if  any  enlarged.  Tuberculosis 
was  found  in  one  case,  but  Osier  believes  this  affection  differs  from 
the  somewhat  similar  condition  which  is  found  in  primary  tuberculosis  of 
the  spleen.  The  entire  pathology  of  this  form  of  polycythemia  is  still 
uncertain.  Osier,2  who  suggests  the  name  erythremia  for  the  affection, 
states  that  in  the  six  postmortem  examinations  reported  there  was 
found  evidence  of  increased  blood  production  in  the  shape  of  hyperplasia 
of  bone  marrow,  or  red  myelomatosis. 

Structurally,  the  red  blood-cell  appears  to  be  composed  of  two  ele- 
ments— a delicate  reticulum  or  stroma,  but  partly  soluble  in  water, 
inclosing  spaces  within  which  lies  an  albuminous  soluble  portion  of  the 
cell,  which  contains  the  hemoglobin.  This  part  is  freely  soluble  in  water. 
Hemoglobin,  or  erythrocruorin,  is  the  soluble  pigment  to  which  the  color 
of  blood  is  due.  It  is  a complex  proteid,  readily  decomposable  into  a 
number  of  so-called  reduction  products.  Some  of  these  have  been  con- 
sidered with  pigments.  (See  Pigmentary  Infiltration,  p.  222.)  The 
amount  of  hemoglobin  present  in  the  blood  varies  within  certain  limits. 
It  may  be  said  that,  approximately,  100  gm.  of  blood  contain  14  gm.  of 
hemoglobin.  It  will  be  recalled  that  in  considering  the  methods  of 
estimating  the  quantity  of  hemoglobin  the  results  are  commonly  given 
in  percentages  of  the  normal.  It  will,  therefore,  be  apparent  that  when  a 
hemoglobinometer  records  100  per  cent.,  the  quantity  indicated  is  14  gm. 
in  100  gm.  of  blood.  Hemoglobin  combines  with  oxygen  to  form  oxy- 
hemoglobin, which,  when  carried  to  the  tissues,  yields  its  oxygen,  the 
hemoglobin  remaining  as  reduced  hemoglobin.  With  CO  it  forms  a 
more  stable  compound,  called  carbon-monoxid-hemoglobin.  The  carbon 
monoxid  compound  is  not  readily  dissociated,  and  hence  in  poisoning 
by  carbon  monoxid  the  oxygen-carrying  power  of  the  blood  is  held  in 

1 For  literature,  see  chapter  on  Diseases  of  the  Spleen. 

2 Lancet,  Jan.  18,  1908. 
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abeyance  as  a result  of  the  inability  of  the  oxygen  to  displace  the  more 
firmly  combined  gas.  Methemoglobin,  hematoidin,  hemin,  and  other 
pigments  derived  from  the  blood  have  been  considered  with  pigments 
where  they  possess  any  pathologic  significance,  and  for  further  considera- 
tion the  reader  is  referred  to  text-books  on  physiology.  As  the  amount 
of  hemoglobin  present  in  the  corpuscles  largely  influences  their  specific 
gravity,  the  latter  has  been  utilized  as  a method  of  determining  the 
percentage  of  hemoglobin  present.  (See  p.  388.) 

When  the  quantity  of  hemoglobin  falls  below  the  normal,  the  con- 
dition is  called  oligochromemia.  Hemoglobin  is  dimished  in  all  anemias, 
and  not  uncommonly  its  diminution  is  in  direct  proportion  to  the  re- 
duction in  the  number  of  red  blood-cells;  in  other  instances  the  corpuscular 
richness  in  hemoglobin  may  be  greatly  reduced  without  any  marked  reduc- 
tion in  the  number  of  red  blood-cells.  These  alterations  in  the  quantity 
of  hemoglobin  present  will  be  considered  with  more  detail  when  dealing 
with  individual  forms  of  anemia. 

Leukocytes. — The  white  cells  of  the  blood,  unlike  the  red,  are  found 
in  a number  of  forms,  the  relationship  of  one  form  to  another  not  having- 
been  clearly  established.  Unlike  the  red  blood-cells,  the  leukocytes  are 
nucleated,  and  normally  contain  no  hemoglobin.  The  proportion  of 
leukocytes  to  red  blood-cells  varies  widely  in  health,  the  variation  de- 
pending upon  the  temporary  rise  and  fall  in  the  number  of  leukocytes, 
irrespective  of  coincident  changes  in  the  number  of  erythrocytes.  All 
authors  recognize  these  fluctuations  in  the  number  of  leukocytes,  but  all 
are  fairly  agreed  that  the  relative  proportion  of  leukocytes  to  red  blood- 
cells  is  1 of  the  former  to  500  or  600  of  the  latter.  The  various  forms  of 
leukocytes  exist  in  the  blood  in  fairly  constant  proportions.  The  different 
forms,  the  general  descriptions,  and  the  percentages  present  in  the  nor- 
mal blood  will  be  found  in  the  accompanying  table.  (See  pp.  406  and  407 .) 
In  addition  to  the  groupings  there  given,  several  of  which  possess  only 
historic  interest,  it  is  necessary  to  recognize  that  certain  cells  are  essen- 
tially hemal  and  that  others  are  essentially  celomic,  although  each  not 
uncommonly  invades  the  domain  of  the  other.  The  normal  number  of 
leukocytes  in  a cubic  millimeter  of  blood  approximates  from  6000  to 
10,000. 

A number  of  most  interesting  and  suggestive  studies  regarding  the 
origin,  classification,  and  properties  of  leukocytes  under  normal  and 
pathological  conditions  have  recently  been  made  or  are  under  way. 
Ameboid  movements  and  flagellation  (or  extrusion)  of  lymphocytes, 
induced  by  agents  including  serum  from  persons  having  cancer,  have 
been  observed  by  Ross  and  MacAlister.1  Cell  reproduction  has  been 
induced  by  Ross  and  Cropper2  by  the  application  of  anilin  dyes,  with  or 
without  the  addition  of  tissue  extracts,  to  lymphocytes  on  special  jelly 
preparations. 

Arneth’s  division  of  the  potynuclear  leukocytes  into  five  or  more 
groups  according  to  the  number  of  lobes  in  the  nucleus,  may  be  based  on 
changes  possessing  diagnostic  or  prognostic  significance.  His  work  has 
not  generally  been  accepted  as  being  of  great  clinical  value  but  has  recently 
been  supported  by  the  studies  of  Busse3  and  v.  Bonsdorff.4 

1 Brit.  Med.  Jour.,  Jan.  23,  1909;  Lancet,  Jan.  16,  23,  30,  1909. 

2 Induced  Cell  Reproduction  and  Cancer,  Philadelphia,  1911. 

3 Folia  Hematologica,  lx,  H.  2,  1910. 

4 Munch.  Med.  Wochen.,  No.  2,  1910. 
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Sudanophil  leukocytes,  those  containing  granules  staining  by  Sudan 
III,  have  been  described  by  Cesaris-Demel,1  who  finds  them  increased  in 
50  to  70  per  cent,  of  cases  of  suppuration.  Buttino  and  Quarelli2  believe 
that  in  some  cells  these  granules  are  products  of  leukocytic  degeneration 


Fig.  206. — Diagrammatic  Representation  of  Leukocytes. 

a,  b.  Lymphocytes,  c.  Hyaline  cell.  The  cell  outlines  are  not  so  sharp  as  indicated,  d,  d,  d,  d,  d.  Finely 
granular  oxyphile  (polymorphonuclear)  leukocytes,  e.  Myelocytes,  f.  Coarsely  granular  oxyphile 
(eosinophile)  leukocytes.  (From  splenomedullary  leukemia ; drawn  by  Dr.J.  C.  DaCosta,Jr.)  See  rigs. 
131  and  132,  p.  284. 


and  in  others  are  fatty  material  carried  by  the  leukocytes.  Shattuck 
and  Dudgeon3  regard  them  as  due  to  a change  allied  to,  but  not  absolutely 
identical  with,  fatty  degeneration.  Among  the  conditions  in  which  they 
have  been  found,  chlorosis,  pneumonia,  influenza,  and  pericarditis  may 
be  mentioned. 

Granules  in  lymphocytes,  long  described  as  nongranular  cells,  are 
now  demonstrated  by  modern  stains,  as  Giemsa’s  and  others  of  the  meth- 
ylene blue-eosin  group.4  They  are  not  found  in  all  these  cells,  however, 
as  are  the  granules  in  the  polynuclear  forms,  and  hence  Ehrlich  and  some 
other  hematologists  are  not  as  yet  inclined  to  regard  them  as  specific 
constituents  of  the  lymphocyte.  Further  studies  on  this  subject  are  re- 
quired to  determine  definitely  the  status  of  this  granulation. 

In  many  conditions  a reduction  in  the  number  of  leukocytes  (hypo- 
leukocytosis,  leukopenia,  or  leukocytopenia)  occurs.  Such  reduction  is 
found  with  considerable  constancy  at  some  period  during  the  course  of 
many  of  the  infectious  diseases,  particularly  typhoid  and  paratyphoid 
fevers,  measles,  influenza,  Malta  fever,  leprosy,  malarial  fevers,  and  un- 
complicated and  advanced  tuberculosis.  Leukopenia  occurs  not  un- 
commonly in  advanced  pernicious  anemia,  splenic  anemia,  secondary 

1 Virchows  Archiv,  Bd.  cxcv,  H.  1,  1909. 

2 Riv.  Crit.  di  Clin.  Med.,  Florence,  1907,  p.  321. 

3 Proc.  Royal  Soc.,  lxxix. 

4 Levaditi,  Virchows  Archiv,  Bd.  clxxx,  H.3;  Schridde,  Munch.  Med.  Wochen., 
June  27,  1905. 
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VARIETIES  OF 


Wharton 

Jones. 

1846. 

Max 

Schultze. 

1865. 

Metchni- 

K.OFF 

Ehrlich. 

Kanthack 

AND 

Hardy. 

Hayem. 

Percentage 
Present  in 
Normal  Blood. 

1 

Non- 

granular 

Small 
round 
cell  I. 

Lympho- 

cyte. 

Lvmpho 

cyte. 

Small 

Lympho- 

cyte. 

Leuko- 
cytes of 
the  first 
variety. 

’ Small 
type. 

IS  to  30. 

nucleated 

cells. 

Large 
round 
cell  II. 

Macro- 

phagocyte. 

Large 

Hyaline. 

cell. 

Large 

type. 

2 to  6. 

Granule 
cells  finely 
granular. 

Cells  with 
finely 
granular 
proto- 
plasm. 

Micro- 

phagocyte. 

Cells  neutrophile 
in  man,  ampho- 
phile  in  some  of 
the  lower  ani- 
mals. 

Finely 

granular 

oxyphile 

cells. 

Leukocytes  of 
the  second  va- 
riety. 

60  to  72. 

[Note.- — Through- 
out the  volume 
I have  referred 
to  these  cells  as 
polymorphonu- 
clear or  polynu- 
clear leukocytes.] 

Granule 

cells 

coarsely 

granular. 

Cells  with 
coarsely 
granular 
proto- 
plasm. 

Eosino- 
phil es. 

Leucocytes  with 
a granules. 

Coarsely 
granular 
oxyphile 
or  acido- 
phile  cells 

Leukocytes  of 
the  third  vari- 
ety. 

Rarely  over  two  per 
cent.;  in  childhood 
may  reach  1 1 to  14 
per  cent. 

Cells  containing 
T granules. 

“ Mastzellen.” 

Coarsely 

granular 

basophile 

cells. 

Rarely  if  ever  pres- 
ent in  normal 
blood,  present  in 
celomic  fluids  and 
connective  tissues. 

Granule 
cells  finely 
granular. 

Cells  with 
finely 
granular 
proto- 
plasm. 

Basophile  cells 
with  § granules. 

Finely 

granular 

basophile 

cells. 

Rarely  exceeds  .23. 

- 

Myelocytes. 
Marrow  cells. 
(“  Markzellen” 
of  German 
writers.) 

Hypertrophied 
white  cells. 

Not  present:  found 
in  bone-marrow 
(red)  and  present 
in  blood  in  leu- 
kemia. 

1 After  Adami ’s  table  (Allbutt’s  “ Sys.  Med.,” 


406 


LEUKOCYTES.1 


Size. 

Further  Description  and  Remarks. 

5 to  11  p,  usually  about 
the  size  of  a normal 
red  blood-cell,  7.5  p- 

Deeply  staining,  relatively  large  nucleus  occupying  most  of  the  cell.  Faint  ring  of 
protoplasm  that  by  usual  staining  methods  is  nongranular.  Special  dyes 
demonstrate  basophilic  granules  in  the  majority  of  them.  Both  ameboid  and 
phagocytic.  The  larger  of  these  cells  cannot  be  differentiated  from  the  hyaline 
cell.  Lobulation  or  polymorphism  of  the  nucleus  rarely  present. 

11  to  15  (1. 

Faintly  staining,  relatively  large,  round,  oval,  notched  or  reniform  nucleus,  slightly 
larger  than  above.  Broader  ring  of  hyaline,  faintly  pinkish,  grayish  or  light 
blue,  nongranular  protoplasm.  Actively  ameboid  and  phagocytic.  Nucleus 
metimes  surrounded  by  faint  rim  of  hyaline  protoplasm,  outside  of  which 
basophilic  granules  may  be  present.  (This  reaction  best  brought  out  by  eosin 
and  methylene-blue.) 

7.5  to  II  11. 

This  cell  is  also  known  as  the  polymorphonuclear  leukocyte  or  polymorphonuclear 
neutrophile.  It  is  sometimes  called  the  polynuclear  leukocyte.  Irregularly 
staining  nucleus;  the  nucleus  is  irregular,  lobulated,  reniform,  and  not  uncom- 
monly like  the  figure  3,  5.  or  7,  or  it  may  resemble  the  letter  s,  z,  or  u.  The 
nucleus  maybe  apparently  divided  into  three,  five,  or  even  six  parts,  commonly 
connected  by  “ underground  ’ ’ bands  of  chromatin ; inability  to  demonstrate  con- 
nection between  the  different  parts  of  the  nucleus  led  to  the  supposition  that  the 
cell  was  multinucleated  or  poly  nucleated.  Irregularity  in  the  contour  of  the 
nucleus  is  probably  due  to  its  being  dried  and  fixed  while  still  manifesting 
ameboid  activity.  The  nucleus  is  rich  in  chromatin  bands  which  may  form  a 
recognizable  network  in  its  interior.  Protoplasm  finely  granular.  The  granules 
formerly  believed  to  be  neutrophile  are  now  regarded  as  faintly  oxyphile  or 
acidophile.  The  granules  are  commonly  demonstrable  over  as  well  as  around 
the  nucleus.  The  cell  is  actively  ameboid  and  phagocytic.  Mitotic  and  amitotic 
division  of  the  cells  is  sometimes  demonstrable.  These  cells  are  sometimes 
regarded  as  the  adult  leukocytes  of  the  blood.  They  are  the  most  important  if 
not  the  only  pus  cell.  Sometimes  cells  are  seen  in  the  blood  partaking  of  the 
characteristics  of  both  the  mononuclear  and  faintly  oxyphile  types;  such  cells 
are  sometimes  spoken  of  as  transitional  leukocytes.  The  writer  is  not  kindly 
inclined  toward  the  use  of  the  word  “transitional.”  Its  use  is  excused  only  by 
the  fact  that  in  enumerating  leukocytes  occasionally  cells  are  encountered  which 
cannot  be  definitely  placed.  Reference  has  been  made  to  this  when  considering 
the  lymphocytes  and  hyaline  cells,  between  which  we  believe  we  recognize  inter- 
mediate forms.  Sufficient  care  in  staining  and  careful  focusing  will  usually, 
although  not  always,  enable  one  to  differentiate  between  these  types. 

Usually  smaller  than 
the  preceding  type. 
Diameter  ranges  be- 
tween 7 and  10  p. 

Nucleus  possessing  many  of  the  characters  of  the  preceding  variety.  Rarely 
centrally  placed.  Chromatin  network  less  conspicuous,  often  not  recognizable; 
cells  not  uncommonly  clearly  polynuclear  without  recognizable  connecting  or 
“underground”  chromatin  bands  between  the  different  nuclei.  Horseshoe- 
shaped and  reniform  nuclei  frequent.  Cell  protoplasm  not  easily  identified, 
with  the  exception  of  the  granules,  which  are  conspicuous  even  in  the  unstained 
cells.  Granules  large,  clearly  defined,  highly  refractile,  usually  discrete,  but 
may  be  so  abundant  that  differentiation  is  not  easy;  they  take  acid  stains- 
intensely.  Stain  reddish-brown  with  Ehrlich’s  stain.  Actively  ameboid,  not 
usually  believed  to  be  phagocytic.  Granules  or  matrix  may  contain  bactericidaL 
substances. 

Relatively  large;  may 
exceed  20  p. 

Faintly  staining,  round  or  oval,  structureless  nucleus.  Protoplasm  usually  difficult 
to  demonstrate,  may  appear  irregularly  notched  at  the  margin,  granules  slightly 
refractile  in  unstained  specimens,  large  and  abundant;  stain  deeply  (purplish 
blue)  with  methylene-blue  or  with  the  dahlia  formula. 

Rarely  attains  size  of 
the  finely  granular 
oxyphile  cell,  usually 
much  smaller. 

Finely  granular  and  coarsely  granular  cells  are  described  by  some  writers  as  “ mast- 
zellen.”  Nucleus  round  or  irregularly  indented.  Stains  faintly,  usually  with 
less  intensity  than  the  granules,  but  of  the  same  color.  Granules  like  preceding 
variety,  but  very  fine. 

Usually  11  to  18  p.  av- 
erage about  15  n. 

Pale,  uniformly  staining,  eccentrically  placed,  ovoidal  or  round  nucleus,  resembling 
the  hyaline  cell.  Protoplasm  varies  in  quantity.  The  granules  present  in  the 
protoplasm  are  usually  not  to  be  differentiated  from  the  granules  of  the  finely 
granular  oxyphile  cell.  Stain  reaction  of  the  granules  is  not  constant.  Eosino- 
nhile  granules  and  intermediate  gradations  of  stain  reaction  occasionally  present. 
Eosin  and  hematoxylin  usually  fail  to  demonstrate  the  presence  of  granules. 
Fixed  by  Flemming's  solution,  karyokinetic  figures  may  be  present.  Probably 
identical  with  “cellules  medullaries"  of  Comil.  Cabot  considers  them  inter- 
mediate between  the  hyaline  cell  and  the  finely  granular  oxyphile  cell.  While 
found  in  other  diseases,  it  is  in  myelogenous  leukemia  that  the  presence  of 
myelocytes  assumes  great  diagnostic  importance. 

vol.  i,  p.  79);  modified  and  extended. 
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anemias,  and  in  chronic  enteritis  of  children.  This  phenomenon  is  not 
a constant  feature  of  any  disease.  The  leukocytes  are  reduced  by  starva- 
tion, and  preliminary  to  leukocytosis — particularly  to  that  form  called 
inflammatory — a temporary  leukopenia  is  sometimes  present.  In  con- 
ditions usually  accompanied  by  an  increase  in  the  leukocytes,  as  appen- 
dicitis, peritonitis,  and  pneumonia,  an  overwhelming  infection  may  not 
only  prevent  an  increase  but  actually  cause  a decrease  in  tho^e  cells. 
Under  such  circumstances,  leukopenia  possesses  the  gravest  prognostic 
significance.  In  marked  cases  of  hypoleukocytosis  the  number  of  leuko- 
cytes may  be  600  or  even  less  to  the  cubic  millimeter  of  blood.  The 
essential  cause  of  this  condition  is  not  known.  It  is  held  by  some  that 
there  is  a faulty  production  of  leukocytes;  by  others,  that  there  is  an  in- 
creased destruction — leukolysis.  It  is  not  improbable  that  both  factors 
are  operative.  Faulty  distribution  may  have  something  to  do  with  dim- 
inution of  leukocytes  in  the  peripheral  circulation,  as  indicated  by  its 
occurrence  after  prolonged  cold  baths  and  reduction  of  blood  pressure,  the 
normal  distribution  being  altered  as  a result  of  leukocytic  accumulation 
in  the  large  viscera,  particularly  the  lungs. 

In  addition  to  the  reduction  in  number,  leukocytes  not  uncommonly 
show  evidence  of  extensive  karyolysis.  One  of  the  most  marked  karyo- 
lytic  changes  is  that  observed  in  the  polymorphonuclear  cell  in  pyogenic 
processes.  The  pus-cell,  with  its  many  irregularities  in  protoplasm  and 
nucleus,  is  a polymorphonuclear  cell  showing  the  results  of  karyolytic 
change  brought  about  by  the  activity  of  the  bacterial  toxins.  In  pro- 
nounced anemia,  or  in  other  conditions  associated  with  blood  destruc- 
tion, the  leukocytes  may  contain  fragments  of  red  blood-cells  and  parti- 
cles of  pigment  derived  from  various  sources;  such  cells  are  called  melanif- 
erous  leukocytes.  By  some  they  are  accorded  great  value  in  the  diagnosis 
of  malaria.  Abnormality  in  color,  reaction,  position,  size,  and  distribution 
of  leukocytic  granules  is  not  uncommonly  present;  such  variations  are 
probably  evidences  of  degenerative  change.  In  the  leukemias,  especially 
the  more  acute  cases  of  the  lymphatic  type,  degeneration  of  leukocytes 
is  often  very  conspicuous.  In  stained  films,  five  to  twenty  per  cent.,  or 
even  more,  of  the  leukocytes  may  be  found  in  the  form  of  swollen,  irregular, 
vacuolated,  poorly  stained  masses  of  what  appears  to  be  chromatin,  the 
cytoplasm  having  entirely  disappeared.  The  identity  of  such  cells  is  lost 
and  consequently  they  cannot  be  included  in  a differential  count,  the 
percentage  of  the  degenerated  forms  as  compared  to  the  whole  number  of 
leukocytes  being  the  only  figure  obtainable. 

Leukocytosis. — As  already  indicated,  a wide  variation  in  the  number 
of  leukocytes  is  compatible  with  health.  Efforts  to  draw  absolutely 
exact  limits,  beyond  which  the  normal  fluctuations  do  not  go,  have  been, 
for  the  most  part,  illusive.  If  a comparatively  low  standard,  such  as 
8000  or  9000,  or  even  10,000,  to  the  cubic  millimeter  be  adopted,  it  will 
be  found  that  not  uncommonly  the  number  of  leukocytes  exceeds  this 
arbitrary  boundary  without  there  being,  of  necessity,  any  evidence  of 
disease.  On  the  other  hand,  if  a standard  above  this  point,  or  at  least  very 
much  higher,  be  chosen,  it  will  be  observed  that  in  certain  well-recognized 
morbid  conditions  the  associated  leukocytosis  falls  within  the  limit 
decided  upon.  It  will  thus  be  seen  that  it  is  quite  impossible  to  draw  a 
fixed  line  and  to  say  that  beyond  this  the  accumulation  of  leukocytes 
is  abnormal,  while  under  this  quantity  the  number  is  essentially  normal. 
A standard  of  10,000  to  the  cubic  millimeter  has  been  generally  accepted 
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as  the  maximum  normal  leukocytic  count.  There  can  be  no  objection  to 
the  figure,  provided  it  is  understood  that  this  number  is  arbitrary  and  open 
to  the  objections  just  pointed  out.  Leukocytosis  is  said  to  be  either 
absolute  or  relative,  or  both.  The  former  means  an  absolute  increase  in 
the  number  of  leukocytes  in  the  peripheral  blood;  the  latter  signifies  an 
increase  of  one  variety  at  the  expense  of  the  others.  There  is  now  a 
tendency  to  discard  the  terms  absolute  and  relative  and  to  define  leuko- 
cytosis as  an  increase  in  the  number  of  polynuclear  leukocytes  in  the  cir- 
culating blood,  an  increase  in  any  of  the  other  varieties  being  given  a 
special  name,  as  mononucleosis,  lymphocytosis,  eosinophilia,  basophilia, 
or  myelemia.  As  constantly  used  clinically,  however,  the  term  leuko- 
cytosis refers  to  an  increase  in  the  total  number  of  leukocytes  per  cubic 
millimeter  of  blood. 

In  a general  way  it  may  be  said  that  leukocytosis  is  physiologic  or 
pathologic.  The  leukocytosis  occurring  during  digestion,  the  leukocytosis 
of  the  new-born,  which  not  uncommonly  persists  until  the  end  of  the 
first  year,  and  the  leukocytosis  at  times  associated  with  pregnancy  are 
taken  as  examples  of  the  so-called  physiologic  leukocytosis.  Digestive 
leukocytosis  is  sometimes  quite  marked,  but  ordinarily  the  increase  is 
not  more  than  33  per  cent.  The  cellular  elements  in  excess  are  the 
lymphocytes ' and  polymorphonuclear  cells;  sometimes  the  increase  is 
more  marked  in  one  than  in  the  other.  This  point  is  of  value,  as  a blood 
examination  made  during  digestion  might,  as  a result  of  the  large  lympho- 
cytic count,  lead  to  erroneous  conclusions,  and  the  finding  of  an 
excess  of  polymorphonuclear  cells  might  also  mislead.  When  gastric 
digestion  is  deficient  or  greatly  delayed,  it  occasionally  happens  that 
there  is  no  digestive  leukocytosis,  and,  hence,  the  absence  of  digestive 
leukocytosis  is  not  uncommonly  regarded  as  an  evidence  of  gastric 
disorder.  Some  observers  regard  this  leukocytosis,  which  is  most 
constant  after  the  midday  meal,  as  largely  a diurnal  variation,  its  oc- 
currence having  been  noted  in  fasting  persons.  Cabot  ascribes  to  it  no 
diagnostic  value. 

Inflammatory  Leukocytosis. — This  form  is  most  frequentty  associated 
with  suppurative,  septic,  or  other  inflammatory  processes,  and  is  not 
uncommonly  preceded  by  a brief  stage  of  leukopenia,  the  extent  and 
duration  of  which  depend  upon  the  promptness  with  which  the  body 
tissues  react,  and  also  on  the  virulence  of  the  infecting  factor.  The 
prompt  occurrence  of  this  form  of  leukocytosis  in  acute  infective  dis- 
orders— such  as  pneumonia,  acute  bacterial  conditions  affecting  serous 
membranes,  streptococcal  and  staphylococcal  infections,  scarlet  fever, 
and  allied  conditions — is  regarded  as  a favorable  omen;  the  occurrence 
of  a leukopenia  that  persists  is  held  to  be  an  evidence  of  weak  resistance 
or  of  overwhelming  infection.  Not  uncommonly  the  count  in  inflamma- 
tory leukocytosis  approaches  35,000,  40,000,  or  50,000,  and  in  rare  in- 
stances the  number  of  leukocytes  present  may  be  considerably  greater. 
The  leukocyte  most  abundant  in  this  condition  is  the  polymorphonuclear 
cell.  The  large  numbers  of  these  cells  present  in  the  blood  may  so 
alter  the  percentage  that  repeated  accurate  observations  show  that 
for  ninety  to  ninety-five  per  cent,  of  the  leukocytes  are  of  this  type. 
In  some  cases  there  is  an  increase  in  the  number  of  lymphocytes.  As 
in  other  forms  of  leukocytosis,  various  opinions  have  been  held  as  to 
the  source  of  the  added  leukocytes  and  the  essential  etiology  of  the 
condition.  It  has  been  held  that  the  leukocytosis  is  the  result  of  nothing 
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more  or  less  than  altered  distribution;  the  polymorphonuclear  cells 
leaving  the  celomic  cavities  and  entering  the  blood  in  response  to  in- 
fection. While  it  is  not  improbable  that  such  a cause  may  be  active, 
the  large  number  of  leukocytes  destroyed  at  the  point  of  infection — 
as,  for  example,  in  abscess  formation1 — and  the  evidence  of  increased 
leukolysis,  as  shown  by  the  excretions,  point  to  the  occurrence  of  in- 
creased leukocytic  production. 

The  leukocytosis  of  malignant  disease,  syphilis,  rickets,  and  the 
leukocytosis  following  hemorrhage,  as  well  as  that  which  not  uncom- 
monly precedes  death  (agonal  leukocytosis),  are  by  some  writers  grouped 
with  the  inflammatory  increase  of  leukocytes.  The  leukocytosis  ob- 
served in  connection  with  malignant  disease  usually  consists  of  an  in- 
crease in  the  mononucleated  forms  of  leukocytes;  the  same  is  true  of  rickets, 
syphilis,  and  agonal  leukocytosis,  while  that  following  hemorrhage  is 
usually  of  the  polymorphonuclear  type.  Leukocytosis  is  usually  more 
marked  in  the  presence  of  sarcoma  than  in  carcinoma,  and  is  particularly 
evident  when  the  former  disease  attacks  the  lymphatic  structures.  The 
increase  in  leukocytes  met  with  in  cases  of  gout,  nephritis,  quinin 
poisoning  and  similar  conditions,  and  after  etherization  is  sometimes 
called  toxic  leukocytosis. 

Artificially  induced  leukocytosis,  or  leukotaxis,2  has  been  suggested 
as  a means  of  increasing  local  or  general  resistance  to  infection.  Petit 
augmented  the  resistance  of  the  peritoneum  of  animals  by  injecting  heated 
horse  serum,  and  also  obtained  satisfactory  results  with  human  beings; 
Mikulicz  employed  subcutaneous  injections  of  nucleinic  acid  before  opera- 
tion. The  efficacy  of  these  measures  lies  in  the  increase  of  polymorpho- 
nuclear leukocytes,  which  is  said  to  be  from  9 to  425  per  cent.  This 
expedient  has  not  come  into  common  use. 

Eosinophilia3  is  a term  used  to  signify  an  increase  of  the  eosinophile 
leukocytes  of  the  blood.  The  condition  is  very  constantly  observed  in 
many  diseases  of  the  skin,  some  bone  affections,  bronchial  asthma,  and 
myelogenous  leukemia.  The  greatest  diagnostic  value  of  this  form  of 
leukocytosis  is  in  connection  with  the  presence  of  intestinal  or  other 
parasites,  as  in  cases  of  uncinariasis,  trichiniasis,  hydatid  disease,  and 
filariasis.  Counts  of  eosinophiles  as  high  as  sixty  per  cent.,  or  even 
more,  of  the  total  number  of  leukocytes  have  been  recorded.  Gaugain4 
records  a familial  form  of  eosinophilia. 

Blood -platelets  are  spheric,  ovoid,  or  irregular  nonnucleated  bodies, 
from  1 n to  4 n in  diameter,  found  free  in  the  blood-plasma.  Their  number 
ranges  from  180,000  to  400,000  per  cubic  millimeter.  They  disappear 
rapidly  from  blood  exposed  to  the  air,  and  special  technic  is  necessary 
to  observe  them  in  the  fresh  specimen.  But  little  is  known  of  their 
origin  or  significance.  One  opinion  is  that  they  are  formed  in  the  red 
cells,  from  nuclei  or  other  cast-off  material.  They  possibly  originate  from 
the  nuclei  of  leukocytes.  Wright5  believes  they  are  detached  fragments 
of  the  cytoplasm  of  the  megakaryocytes  or  giant  cells  of  the  blood-forming 

* 

1 See  p.  288. 

2 See  summary  of  literature  by  Romme,  La  Presse  Medicale,  Jan.  18,  1905. 

3 Whyte,  Lancet,  July  30,  1910,  p.  297;  Dunger,  Munch.  Med.  Wochen.,  Sept. 
13,  1910,  p.  1942. 

4 Bull,  de  la  Soc.  Med.  d’Angiers,  May  9,  1909. 

5 Pub.  of  the  Mass.  General  Hosp.,  iii,  No.  1,  July,  19x0. 
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organs.  Ross1  is  convinced  by  their  vital  staining  that  they  are  living 
cells  rather  than  inert  material.  They  are  numerous  in  white  thrombi 
and  appear  primarily  active  in  the  formation  of  other  types  of  thrombus. 
By  some  they  are  regarded  as  the  source  of  one  of  the  elements  of  fibrin 
ferment.  The  platelets  are  increased  in  most  of  the  anemias,  particularly 
chlorosis,  leukemia,  pneumonia,  tuberculosis,  myelitis,  and  numerous 
other  conditions.  They  are  diminished  in  purpura,  hemophilia,2  and 
many  acute  fevers.  The  platelets  are  well  shown  by  Wright’s  stain,  but 
are  not  demonstrable  by  Ehrlich’s  mixture. 

Hemocytolysis  or  Hemolysis. — Dissolution  of  the  red  blood-cell  with 
liberation  of  the  hemoglobin  and  endoglobular  changes  in  the  cell  cyto- 
plasm not  infrequently  occur  in  a sufficiently  marked  form  to  deserve 
consideration  as  a distinct  pathologic  process.  Blood  destruction  is, 
in  a sense,  normal  The  liberated  blood  coloring-matter  resulting  from 
cell  dissolution  is  converted,  in  the  liver,  into  bile  pigment,  and  possibly 
enters  into  other  normal  chemic  processes.  When  the  process  exceeds 
the  normal  or  when  cell  destruction  assumes  an  abnormal  type,  the 
resulting  condition  is  spoken  of  as  hemocytolysis,  hemoglobinemia,  or 
by  some  writers  as  hemolysis.  In  the  condition  under  consideration  the 
cell  elements  primarily  involved  are  the  erythrocytes;  when  the  cell 
destruction  involves  both  red  cells  and  leukocytes  (erythrocytolysis  and 
leukolysis),  the  term  hemolysis  is  more  appropriate. 

Of  the  many  causes  presumed  to  be  active  in  the  production  of  hemo- 
cytolysis, no  one  satisfactorily  explains  the  occurrence  of  the  mani- 
festation under  all  circumstances.  When  foreign  blood  is  introduced 
into  the  circulation  of  an  animal,  and  particularly  when  such  blood  is 
from  an  animal  of  another  species,  the  added  hemal  cells  may  promptly 
undergo  fragmentation.  Before  the  blood  of  one  person  is  transfused 
into  another,  a procedure  now  quite  often  used  in  cases  of  severe  anemia, 
tests  in  vitro  should  have  determined  that  the  blood  of  the  donor  is  not 
hemolytic  for  that  of  the  patient.  The  introduction  into  the  circulation 
of  large  quantities  of  fluid  may  give  rise  to  destruction  of  normal  erythro- 
cytes. Hemocytolysis  occurs  in  connection  with  certain  infectious  dis- 
eases, among  which  may  be  mentioned  smallpox,  scarlet  fever,  diphtheria, 
enteric  fever,  and,  possibly,  to  a varying  extent,  all  the  acute  exanthem- 
ata. Bacteria  and  bacterial  products  circulating  in  the  blood,  as  in 
septicemia  and  pyemia,  may  bring  about  the  change,  and  a number  of 
microorganisms  have  been  shown  to  produce  hemolytic  poisons  through 
the  activity  of  which  blood-destruction  is  accomplished.  Malaria  always 
induces  more  or  less  erythrocytolysis,  and  in  certain  forms  the  process 
assumes  grave  proportions.  Many  poisons  induce  a similar  change,  and 
hemolysis  arising  from  such  causes  is  called  toxic.  A long  list  of  poisons 
possessing  the  power  might  be  given,  the  most  important  of  which  would 
be  chlorate  of  potash,  arseniureted  and  phosphoreted  hydrogen,  carbolic 
acid,  pyrogallic  acid,  and  various  coal-tar  derivatives  other  than  those 
mentioned,  such  as  anilin,  antifebrin,  antipyrin,  etc.  The  blood  de- 
struction associated  with  poisoning  by  various  fungi,  and,  indeed,  the 
destruction  accompanying  the  introduction  of  venom,  might  properly 
be  grouped  with  this  class.  Extremes  of  temperature  seem  to  be  influ- 
ential in  the  production  of  this  condition,  and  local  tissue  destruction 

‘Induced  Cell  Reproduction  and  Cancer,  1911. 

2 Duke,  Jour.  A.  M.  A.,  55,  Oct.  1,  1910,  p.  1185. 
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from  burns  or  frost-bites  may  bring  about  the  change.  The  condition 
is  sometimes  associated  with  Raynaud’s  disease.  It  has  been  found  that 
the  serum  from  persons  having  cancer  will  hemolyze  the  red  cells  of  some 
other  patients  with  the  same  disease.  Attempts  have  been  made  to 
utilize  this  property  in  the  diagnosis  of  cancer  but  the  reaction  appears 
not  to  be  specific.1  A form  of  hemocytolysis  is  clinically  recognized  as 
paroxysmal  hemoglobinuria. 

Whatever  may  be  the  cause  of  the  cell  dissolution,  liberated  hemo- 
globin may  be  excreted  by  the  kidney  (hemoglobinuria)  as  methemo- 
globin  or  oxyhemoglobin,  or  the  latter  may  be  converted  into  the  former 
by  more  or  less  prolonged  retention  within  the  bladder,  and  a sufficiently 
long  stay  in  this  organ  may  lead  to  the  final  conversion  of  oxyhemo- 
globin into  acid  hematin.  An  examination  of  the  blood  usually  shows 
that  it  is  dark  in  color,  and  the  serum  secured  by  coagulation  or  by  the 
centrifuge  may  possess  a hemoglobin  tint.  Blister  serum  obtained  from 
the  patient  may  show  the  spectroscopic  lines  of  free  hemoglobin.  There 
is  usually  a marked  reduction  in  the  number  of  erythrocytes,  associated 
with  the  presence  of  degenerating,  fragmenting  cells,  chlorocytes,  and 
achromocytes.  Poikilocytosis,  microcytosis,  and  megalocytosis  are  present 
to  varying  degrees.  The  reduction  in  hemoglobin  may  be  marked.  As  a 
rule,  there  is  little  change  in  the  number  of  leukocytes  although  evidence 
of  leukolysis  may  be  present.  The  liver  may  be  unequal  to  the  task  of 
removing  the  large  quantity  of  hemoglobin,  even  with  the  occurrence  of 
polycholia.  The  liver  cells  may  manifest  granular  change  and  bile-stain- 
ing; free  pigment  is  not  uncommonly  present  in  the  hepatic  tissues.  No 
constant  renal  lesion  is  demonstrable,  although  the  kidney  shows,  for  the 
most  part,  considerable  staining,  and  the  secreting  substance  may  be 
brown  or  brownish-red  in  color;  granular,  desquamative,  and  other  de- 
generative changes  may  be  seen  in  the  renal  epithelium  in  marked  cases, 
and  free  pigment  may  be  present  in  the  tubules;  the  Malpighian  tufts  are 
said  to  escape  the  deposit.  Mention  has  already  been  made  of  the  hemo- 
globinuria. Hemoglobin  infarcts  occur  in  the  kidneys,  and  infarction  is 
occasionally  present  in  other  organs. 

Regeneration  of  the  Blood. — After  extensive  hemorrhage,  and  from 
other  causes,  direct  loss  and  blood  destruction  may  reduce  the  number 
of  red  cells  to  1,000,000,  or  less.  Usually,  with  the  subsidence  of  the 
cause  regenerative  processes  rapidly  ensue.  After  the  loss  of  blood  a 
temporary  hydremia  is  brought  about  by  the  abstraction  of  fluid  from 
the  tissues,  thereby  restoring  the  volume  of  the  circulating  medium  by 
increasing  the  liquid  portion.  The  leukocytes  are  rapidly  replaced, 
probably  from  the  tissue  spaces,  and  often  become  moderately  increased 
in  number,  a distinct  polymorphonuclear  leukocytosis  occurring.  Later, 
the  mean  diameter  of  the  erythrocytes  falls,  and  normoblasts  are  present 
in  varying  quantities.  The  fall  in  hemoglobin  is  at  first  proportional 
to  the  reduction  in  the  number  of  red  blood-cells,  but  later  the  color- 
index  drops,  and  may  fall  as  low  as  0.5.  During  the  process  of  erythro- 
cytic regeneration  nucleated  cells  may  appear  in  varying  numbers.  It 
has  been  demonstrated  that  in  cases  of  anemia,  including  experimentally 
induced  types,  extramedullary  blood  formation  may  occur  in  the  spleen 

1 Whittemore,  Boston  Med.  and  Surg.  Jour.,  Jan.  21,  1909;  Smithies,  Amer. 
Jour.  Med.  Sciences,  March,  1910,  p.  444. 
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and  liver,  especially  in  the  former.1  The  erythrocytes  increase  more 
rapidly  than  the  hemoglobin,  and,  hence,  for  a time  the  color-index 
remains  low. 

The  length  of  time  necessary  for  complete  regeneration  of  the  blood 
varies  with  the  recuperative  and  hematogenic  power  of  the  individual 
and  with  the  extent  of  the  hemorrhage.  Repeated  hemorrhage  weakens 
the  regenerative  powers  more  rapidly  and  to  a greater  extent  than  a 
single  copious  hemorrhage.  Attempts  to  establish  a definite  period 
within  which  hemal  regeneration  will  occur  are  not  well  founded,  by 
reason  of  the  uncertainty  in  hematopoiesis  in  different  individuals. 

Anemia. — The  term  anemia  has  been  variously  defined,  but,  so  far 
as  a definition  goes,  nothing  better  has  been  offered  than  to  call  it  “a 
poverty  of  the  blood.”  In  certain  classes  of  cases  the  anemia  is  appar- 
ently dependent  upon  defects  of  the  blood-making  or  blood-destroying 
organs,  or,  possibly,  it  would  be  better  to  say  faults  of  hematogenesis 
or  hemolysis,  or  both.  Anemias  in  which  no  sufficient  cause  can  be 
recognized  in  the  organs  or  tissues  are  commonly  referred  to  as  primary 
anemias.  In  another  class  of  anemias  the  blood  condition  is  dependent 
upon  some  more  or  less  evident  lesion.  These  are  the  so-called  sec- 
ondary anemias.  As  our  knowledge  of  pathology  progresses  we  will, 
no  doubt,  class  as  secondary  some  of  the  anemias  now  regarded  as  primary. 
When  we  have  demonstrated  the  factors  influential  in  the  production  of 
an  anemia,  it  becomes  secondary  to  its  demonstrated  cause. 

Secondary  Anemia. — It  is  proposed  to  consider  with  this  class  those 
anemias  in  which  it  is  possible  to  demonstrate  a cause  believed  to  be 
a sufficient  explanation  of  the  recognized  change.  As  blood  production 
is  dependent  largely  upon  the  general  nutrition  and  health  of  the  indi- 
vidual, as  well  as  upon  the  hematogenic  functions,  properly  so  called, 
it  becomes  evident  that  a large  number  of  etiologic  factors,  often  not 
even  remotely  associated,  can  be  classed  with  the  causes  of  symptomatic 
anemia.  Unsanitary  surroundings;  improper,  poor,  or  scanty  food;  over- 
work with  insufficient  food;  emotional  conditions  influencing  the  appetite, 
sleep,  etc.,  may  all  possess  a varying  importance  in  the  production  of  ane- 
mia. Hemorrhage,  copious  and  single,  or  scanty  and  repeated,  may  also 
be  a cause.  Painful  affections,  by  reason  of  their  influence  upon  the 
primary  and  secondary  assimilation,  may  also  favor  the  occurrence  of  an 
anemia.  Intestinal  parasites — such  as  the  Uncinaria  duodenale2  and 
Dibothriocephalus  latus3 — may  induce  anemia  by  interfering  with  the 
digestive  process,  by  inducing  hemorrhage,  and  possibly  by  elaborating 
some  absorbable  poison  that  influences  unfavorably  blood  production  or 
induces  destruction.  Anemia  may  depend  upon  the  presence  of  para- 
sites within  the  blood;  the  most  conspicuous  of  these  is  the  organism  of 
malaria. 

Acute  infectious  diseases  commonly  impoverish  the  blood.  During 
the  activity  of  such  processes  the  anemia  may  not  be  conspicuous,  but 
with  convalescence  it  not  uncommonly  becomes  evident.  With  this 
group  should  be  classed  anemias  following  typhoid  fever,  scarlet  fever, 
smallpox,  etc.  So-called  chronic  infectious  diseases  are  also  associated 
with  the  occurrence  of  anemia,  which  may  of  itself  be  a striking  symptom; 

1 Graetz,  Centralbl.  f.  Allgem.  Path.,  Bd.  xx,  No.  7,  1909,  p.  289;  Stauci,  Arch, 
f.  Exper.  Path.  u.  Pharmakol.,  Bd.  lx,  H.  1-6. 

2 See  p.  192. 

3 See  p.  188. 
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the  anemias  of  syphilis  and  tuberculosis  are  most  typical.  The  anemia 
of  scurvy  and  purpura  should  be  mentioned.  Certain  of  the  secondary 
anemias  are  called  toxic,  and  are  dependent  upon  poisoning  by  lead, 
arsenic,  phosphorus,  mercury,  etc.  Malignant  tumors  (carcinoma  and 
sarcoma)  usually  give  rise  to  a form  of  anemia  that  may  constitute  an 
important  factor  in  the  diagnosis  of  such  conditions. 

Diseases  of  various  organs  influencing  the  general  nutrition  are  not 
uncommonly  associated  with  anemia.  The  anemias  of  chronic  neph- 
ritis, of  heart  disease,  and  of  chronic  intestinal  inflammations  belong 
to  this  group. 

The  Conditions  in  Secondary  Anemia. — The  table  on  pages  418  and 
419  gives  in  a general  way  the  blood  changes  in  this  condition.  It  is 
probable  that  the  disease  ordinarily  referred  to  as  simple  anemia  is  truly 
an  example  of  secondary  anemia,  and  that  it  should  be  considered  with 
this  group.  It  will  be  observed  that  the  blood  changes  in  secondary 
anemia  possess  nothing  characteristic,  and  depend  more  upon  the  intensity 
of  the  anemia  than  upon  any  other  factor.  The  reduction  in  red  blood- 
cells  varies  within  wide  limits.  A fairly  evident  secondary  anemia  may 
show  a blood  count  of  4,500,000,  while,  at  the  other  extreme,  a count 
below  1,000,000  may  occur.  The  corpuscular  changes  also  depend  upon 
the  extent  of  the  anemia.  It  may  be  said  that  in  the  milder  anemias 
there  is  little  distortion  of  the  erythrocytes,  and  but  few  abnormal  cells 
are  present.  In  more  marked  secondary  anemias  poikilocytosis  and  micro- 
cythemia occur,  while  in  the  graver  forms  megalocytes  and  nucleated  * 
erythrocytes  are  found;  megaloblasts  are  rare;  normoblasts  are  more 
abundant.  Polychromatophilia  (abnormal  stain  reaction)  is  usually  pro- 
portionate to  the  degree  of  the  anemia. 

The  hemoglobin  always  shows  greater  reduction  than  the  erythro- 
cytes (lowered  color-index),  and  may  not  exceed  twenty  per  cent.  The 
leukocytes  are  but  little,  if  at  all,  influenced  by  the  mere  occurrence  of 
secondary  anemia.  The  condition  that  produced  the  anemia  may  deter-' 
mine  a leukocytosis  the  character  of  which  will  depend  upon  the  cause. 

It  is  usually  stated  that  when  the  blood  counts  are  low,  a leukocytosis 
is  likely  to  be  present;  this  is  not,  however,  an  invariable  rule. 

The  visceral  lesions  associated  with  this  form  are  dependent  upon 
the  cause  and  upon  the  extent  of  malnutrition.  Granular  changes  occur 
in  glandular  viscera,  notably  the  kidney  and  liver.  A similar  change  is 
seen  in  the  heart;  sometimes  the  myocardium  will  be  found  distinctly 
fatty.  Degenerative  changes  in  the  capillary  system  are  indicated  by  the 
concomitant  edema.  The  degenerative  lesions  are  probably  dependent 
upon  overwork  of  the  organs  involved,  associated  with  poor  nutrition, 
and  possibly  to  a greater  extent  upon  the  toxic  effects  of  poisons  generated 
within  the  blood  or  arising  from  other  causes  and  acting  themselves  as 
causes  of  the  existing  anemia. 


CHLOROSIS. 

Synonyms. — Fehris  Amatoria;  Greensickness;  Morbus  Virgineus;  Chlor- 
emia; Chloranemia;  Bleichsucht  (German). 

Chlorosis  is  almost  exclusively  a disease  of  young  women,  marked  by 
moderate  reduction  in  the  number  of  erythrocytes  and  greater  diminu- 
tion of  the  hemoglobin. 
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Causes. — As  just  stated,  the  disease  is  practically  restricted  to  women, 
and  is  most  frequent  between  the  ages  of  fourteen  and  eighteen  years, 
although  it  occasionally  appears  later  in  life  ( chlorosis  tarda).  A con- 
dition closely  resembling  chlorosis  is  rarely  seen  in  men;  it  is  doubtful  if 
true  chlorosis  occurs  in  the  male.  A family  tendency  to  tuberculosis, 
faulty  hematogenic  power,  or  heredity,  as  indicated  by  cases  appearing  in 
successive  generations,  may  be  predisposing  factors.  Emotions,  such  as 
grief,  fear,  anxiety,  homesickness,  and  disappointed  love,  have  been  re- 
garded as  causes.  Hypoplasia  of  the  heart  and  greater  vessels,  and  some- 
times of  the  generative  organs,  has  been  observed.  Autointoxication, 
constipation,  menstrual  disturbances,  unsanitary  surroundings,  over- 
work, and  faulty  or  insufficient  diet  may  cause  or  predispose  toward  the 
condition.  Hemorrhage,  as  by  epistaxis,  menorrhagia,  and  bleeding 
from  hemorrhoids,  the  intestines,  or  stomach,  are  often  assigned  as  etio- 
logic  factors.  Race  and  climate,  particularly  among  civilized  nations, 
seem  to  have  no  influence  upon  the  occurrence  of  this  malady.  Lloyd 
Jones  believes  that  the  disease  is  more  common  in  girls  belonging  to  large 
families,  and  that  it  not  uncommonly  constitutes  part  of  a general  con- 
dition one  of  whose  manifestations  is  unusual  fertility.  Grawitz  regards 
the  disease  as  a neurosis;  von  Noorden  and  Immermann  would  limit  the 
term  chlorosis  to  a congenital  or  acquired  functional  weakness  of  the 
hematopoietic  structures  dependent  upon  the  lack  of  an  internal  secretion 
of  the  sexual  organs.  Dyspepsia  and  constipation  associated  with  the 
disease’  are  generally  not  regarded  as  etiologic  factors,  although  one  of 
the  toxic  theories  (autointoxication)  is  based  upon  the  belief  that  the  blood 
condition  is  due  to  copremia  or  some  allied  state.  In  the  present  state  of 
our  knowledge  theories  suggesting  an  infectious  origin  are  not  regarded 
with  favor. 

Blood  Changes. — The  blood  is  easily  obtained,  flows  freely,  and  is 
usually  pale  in  color.  The  specific  gravity  of  the  serum  is  normal  or 
higher  than  normal,  while  the  diminished  hemoglobin  gives  an  un- 
usually low  (1040)  total  specific  gravity.  Alkalinity  may  be  slightly 
increased.  Coagulation  is  rapid.  There  is  an  oligocythemia  that  varies 
within  wide  limits,  and  is  not  commonly  marked,  oligochromemia  being 
the  most  evident  change.  In  mild  cases  the  erythrocytes  fall  to  eighty 
per  cent,  of  the  normal  and  the  hemoglobin  to  fifty  per  cent.;  in  more 
marked  instances  the  erythrocytes  approach  fifty  per  cent,  of  the  normal 
and  the  hemoglobin  thirty  per  cent,  or  less.  The  averages  of  the  357  cases 
of  Cabot1  and  Da  Costa2  are:  erythrocytes,  3,934,000;  hemoglobin,  43.6 
per  cent.  Hayem  has  reported  a case  in  which  the  red  blood-cells  fell 
to  twenty  per  cent,  and  the  hemoglobin  to  sixteen  per  cent.  It  will  thus 
be  seen  that  the  reduction  in  hemoglobin  is  always  greater  than  the  cor- 
puscular reduction  (low  color-index).  In  about  forty  per  cent,  of  the 
cases  the  number  of  red  blood-cells  does  not  fall  below  4,000,000.  The 
erythrocytes  show  a mean  reduction  in  diameter,  and  are  strikingly  pale. 
Microcythemia,  poikilocytosis,  and  polychromatophilia  are  present  to  a 
varying  extent.  Nucleated  red  cells  are  rarely  abundant,  although 
occasionally  a few  normoblasts  occur.  The  presence  of  macroblasts  is 
usually  regarded  as  an  unfavorable  sign.  The  platelets  are  considerably 
increased.  There  may  be  no  important  change  in  the  leukocytes,  with  the 

1 Clinical  Examination  of  the  Blood,  5th  ed.,  1904. 

2 Clinical  Hematology,  2d  ed.,  1905. 
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exception  of  the  occasional  occurrence  of  myelocytes  in  grave  cases. 
Relative  lymphocytosis  may  occur.  (See  table,  pp.  418  and  419.) 

Associated  Lesions. — The  panniculus  adiposus  is  usually  abundant, 
and  the  general  nutrition,  aside  from  the  pallor,  seems  fair  or  even  good. 
The  pallor  of  all  the  tissues  may  be  striking.  Granular  and  fatty  changes 
occur  in  the  heart,  and  aortitis  is  occasionally  present.  Hypoplasia  of 
the  heart  and  aorta  has  already  been  mentioned.  Fatty  changes  in  the 
capillary,  renal,  and  gastric  cells  have  been  noted.  Venous  and  capillary 
thrombosis  and  thrombosis  within  the  cranial  sinuses  not  infrequently 
occur.  The  morbid  anatomy  and  blood  changes  fail  to  explain  the  pe- 
culiar venous  hum  observed  during  life.  Changes  in  venous  caliber,  and 
in  the  blood  itself,  as  causes  of  this  important  phenomenon  deserve 
mention,  although  the  demonstration  is  by  no  means  satisfactory. 


PERNICIOUS  ANEMIA. 

Synonyms. — Addison's  Causeless  Anemia;  Idiopathic  Anemia;  Essen- 
tial Anemia;  Progressive  Pernicious  Anemia;  Myelogenic  Anemia;  Gan- 
glionic Anemia;  Ancematosis;  Biermer's  Disease. 

Pernicious  anemia  is  a morbid  condition  associated  with  excessive 
hemolysis  and  inadequate  hematogenesis  (West),  and  for  which  no  suf- 
ficient cause  has  been  demonstrated.  WThile  an  adequate  cause  has  not 
been  recognized,  certain  predisposing  elements  are  regarded  as  important 
factors  in  the  production  of  disease;  of  these  predisposing  causes  the 
following  may  be  mentioned:  pregnancy,  parturition,  starvation,  hemor- 
rhage, degeneration  of  the  mucous  membranes  of  the  alimentary  canal, 
and  intestinal  parasites,  especially  the  Dibothriocephalus  latus.  Berger 
and  Tsuchija1  report  obtaining  from  the  gastric  and  intestinal  mucosa  of 
a subject  a lipoid  substance  ten  times  the  strength  of  that  from  normal 
individuals,  which,  when  injected  into  animals,  produced  anemia.  It  is 
possible  that  pernicious  anemia  is  due  to  the  hemolytic  action  of  lipoids 
with  secondary  insufficiency  of  the  bone  marrow.  The  disease  is  more 
frequent  in  adults,  although  cases  in  children  have  been  reported.  Dana2 
reports  a case  which  he  believes  justifies  the  conclusion  that  congenital 
weakness  of  the  blood-making  organs  may  predispose  to  the  occurrence 
of  pernicious  anemia. 

Blood  Changes. — The  blood  is  often  difficult  to  obtain,  pale  and 
watery,  although  occasionally  it  assumes  a coffee  or  chocolate  color. 
A drop  forming  at  the  point  of  puncture  is  usually  not  rounded  and 
elevated,  as  normal,  but  flattened,  and  may  spread  over  the  adjacent 
surface.  Oligocythemia  is  marked;  blood  counts  below  1,000,000  are 
not  infrequent,  while  a count  as  low  as  143,000  has  been  reported 
by  Quincke.  Occasionally,  blood  counts  may,  for  a time,  approach 
the  normal,  rising  to  or  exceeding  5,000,000,  followed  by  relapse  and 
death.  Though  microcytes  are  present,  the  average  size  of  the  erythro 
cvte  is  increased,  and  may  reach  10  p,  or  even  11  p.  Megalocytes  pos- 
sessing diameters  between  10  p and  16  p occur.  The  percentage  of  these 
large  cells  in  severe  cases  may  range  from  forty  to  seventy,  and  Ewing3 

1 Deutsch.  Archiv.  f.  klin.  Med.,  Bd.  xcvi,  H.  3-4,  1909. 

2 Med.  Rec.,  Dec.,  1,  1900. 

3 Clinical  Pathology  of  the  Blood,  2d  ed.,  1903. 
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studied  a case  in  which  at  least  ninety  per  cent,  of  the  cells  measured 
from  11  /(to  16  /(.  He  states  that  unless  at  least  thirty-three  per  cent, 
of  the  red  cells  are  distinctly  oversized,  the  diagnosis  of  pernicious  anemia 
should  be  made  with  reserve.  Nucleated  red  cells  are  present  at  some 
time  during  the  course  of  essentially  every  case  of  pernicious  anemia; 
in  the  great  majority  of  cases  megaloblasts  predominate  over  the  smaller 
forms.  Even  the  megaloblasts  are  usually  present  in  very  small  numbers, 
and  a prolonged  search  should  be  made  before  their  absence  is  deemed 
conclusive.  They  not  uncommonly  appear  in  large  numbers  shortly 
before  death,  and  for  this  reason  an  increase  is  generally  regarded  as  an 
unfavorable  sign.  So-called  crises  occur  in  which  an  unusually  large 
number  of  normoblasts  may  be  thrown  into  the  circulation,  followed  by 
an  increase  in  the  number  of  red  cells.  Free  nuclei  are  sometimes  present 
in  the  blood,  and  occasionally  one  sees  a nucleus  with  shredded  proto- 
plasm containing  hemoglobin  attached  to  its  periphery.  Both  normal 
and  abnormal  sized  red  cells  may  show  polychromatic  reactions  or  gran- 
ular basophilia.  By  reason  of  the  irregularities  in  the  size  and  contour 
of  the  erythrocytes,  rouleaux  formation  is  peculiar.  Oligochromemia 
does  not  approach  in  extent  the  oligocythemia.  The  relatively  high 
color-index — not  infrequently  above  the  normal — is  usually  held  to  de- 
pend upon  the  large  number  of  red  cells  the  diameter  of  which  exceeds 
that  of  the  normal  erythrocyte;  and  as  the  more  marked  the  anemia, 
the  more  abundant  such  cells  become,  it  is  commonly  found  that  the  fall 
in  corpuscles  is  not  associated  with  a corresponding  fall  in  hemoglobin, 
and  that  the  corpuscular  count  may  be  ten  per  cent,  of  the  normal  or 
less,  and  the  hemoglobin  from  fifteen  to  twenty  per  cent,  of  the  normal  or 
more.  The  specific  gravity  of  the  total  blood  is  decreased;  the  platelets 
are  sometimes  increased,  and  occasionally  show  peculiar  and  excessive 
agglutination.  The  leukocytes  are  usually  decreased  and  pronounced 
leukopenia  is  not  uncommon;  accompanying  this  in  the  majority  of  cases 
is  a relative  lymphocytosis.  Myelocytes  are  almost  constantly  present, 
but  in  small  numbers,  rarely  exceeding  two  or  three  per  cent,  of  all  the 
leukocytes.  Leukolysis  and  tinting  of  the  protoplasm  of  the  white  cells 
by  hemoglobin  may  be  recognized  in  some  cases.  So  far  as  the  blood- 
picture  is  concerned  the  present  conception  of  the  disease  is  that  it  is  a 
megaloblastic  anemia. 

The  term  “aplastic  anemia”1  is  applied  to  cases  clinically  resembling 
pernicious  anemia,  and  commonly  regarded  as  a variety  of  that  disease, 
but  in  which  regenerative  changes  are  inadequate  or  lacking.  These 
cases  are  almost  always  rapidly  fatal.  The  blood  picture  differs  in  some 
points  from  that  of  the  ordinary  pernicious  anemia.  The  color  index  is 
lower  and  megaloblasts,  and  usually  normoblasts,  are  absent.  There 
is  leukopenia  with  decided  lymphocytosis;  as  low  as  200  leukocytes  per 
cubic  millimeter  has  been  reported.  The  bone  marrow  is  pale  and  there 
is  absence  of  erythrocyte  and  granular  leukocyte  formation.  Lymphoid 
hyperplasia  of  the  marrow  is  present  in  some  cases,  possibly  in  all  at 
some  period  of  the  disease. 

Associated  Lesions. — In  spite  of  the  extreme  blood  changes,  emaciation 
is  not  present  in  pernicious  anemia.  The  skin  is  pale,  but  may  show  a 

1 Lavenson,  Amer.  Jour.  Med.  Sciences,  Jan.,  1907;  Crummer,  Jour.  A.  M.  A., 
49,  1907,  p.  2085;  Stone,  Ohio  State  Med.  Jour.,  Nov.,  1907;  Thomas  and  Rolles- 
ton,  Brit.  Med.  Jour.,  Jan.  1,  1910;  Kast,  Proc.  N.  Y.  Path.  Soc.,  Feb.  and  March, 
1909,  p.  46. 
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TABULATION  OF  BLOOD  CHANGES 


DISEASES. 


Chlorosis. 


Pernicious 

Anemia. 


Simple 

Primary 

Anemia. 


Splenic1 

Anemia. 


Myelog- 

enous 

Leuke- 

mia. 


d 

Id 

4 Lym- 
phatic 
Leu- 
kemia. 


Pseudo-leu 

KEMIA  OR 

Hodgkin’s 

Disease. 


SECONDARY 

ANEMIAS. 


Gross  Appearance 
and  Sp.  Gr. 

'Hemoglobin  and 
Color  Index. 

Number  op 
Erythrocytes. 

Size  of,  and 
Form  Changes  in, 
Red  Cells. 

Blood  flows  readily. 
Pale  red,  watery. 
Extravascular  co- 
agulation slow ; in- 
travascular, fre- 
quent. Sp.  gr.  of 
total  blood  de- 
creased. Sp.  gr. 
of  plasma  slightly 
increased. 

Hemoglobin  greatly 
reduced.  Color 
index  constantly 
low. 

Normal  or  slightly 
reduced. 

Decreased  in  size. 
Poikilocytosis 
only  in  severe 
cases  and  rarely 
marked. 

Blood  flows  scantily, 
often  difficult  to 
obtain.  Watery, 
pale  red  (often  cof- 
fee color).  Coagu 
lation  slow.  Sp. 
gr.  decreased. 

Marked  reduction  in 
the  amount  of 
hemoglobin.  Color 
index  usually  high. 

Pronounced  oligocy- 
themia. Roul- 
eaux formation 
scanty  or  absent. 

Marked  variation  in 
size.  Macrocytes 
predominate.  Poi- 
kilocytosis more 
marked  than  in 
any  other  anemia. 

Paler  red  than  nor- 
mal. Coagulation 
slightly  more  rap- 
id. Sp.  gr.  de- 
creased. 

Hemoglobin  moder- 
ately reduced. 

Color  index  nor- 
mal or  nearly  so. 

Moderately  dimin- 
ished. 

Normal  or  slightly 
decreased  in  size. 

Pale  red,  more  wat- 
ery. Coagulation 
more  rapid.  Sp. 
gr.  decreased. 

Hemoglobin  reduced. 
Color  index  nor- 
mal or  low. 

Reduced  sometimes 
to  one-fourth  of 
normal. 

Normal;  usually 
slightly  reduced. 
Poikilocytosis  sel- 
dom excessive. 

Light  red  or  milky. 
Less  fluid,  coagu- 
lation slow.  Sp. 
gr.  decreased.  Al- 
kalinity usually 
diminished. 

Hemoglobin  slightly 
reduced.  Color 

index  below  nor- 
mal. 

Usually  only  a 
slight  reduction. 

A slight  reduction; 
poikiloc  y tosis 
slight. 

Resembles  myelog- 
enous type,  except 
that  changes  are 
not  so  pronounced. 
Alkalinity  usually 
diminished. 

Hemoglobin  reduc- 
tion more  marked 
than  in  spleno- 
medullary  type. 
Color  index  low. 

Reduced.  Always 
more  pronounced 
than  in  myelog- 
enous type. 

Reduction  in  size, 
and  dist  0 r t i 0 n 
more  striking  than 
in  myelogen  0 u s 
type. 

Paler  red  than  nor- 
mal, depending  on 
severity.  Coagu- 
lation more  rapid. 
Sp.  gr.  normal  or 
slightly  decreased. 

Hemoglobin  reduced, 
depending  on  se- 
verity and  stage. 
Color  index  nor- 
mal or  low. 

Diminished,  de- 

pending on  sever- 
ity and  stage. 

May  be  undersized. 
Poikilocytosis  in 
severe  cases. 

Pale  red,  depending 
on  severity;  wat- 
ery. Coagulation 
usually  rapid. 
Sp.  gr.  decreased. 

Reduction  varies,  de- 
pending on  severi- 
ty. Color  index 
usually  below  nor- 
mal. 

Diminution  varies 
with  condition. 

Usually  decreased. 
Poikilocytosis  in 
a number  of  se- 
vere conditions. 

1 By  some  authors  not  recognized  as  a primary  anemia. 
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Nucleated 
Red  Cells. 

Number  of 
Leukocytes. 

Large  and  Small 
Lymphocytes. 

Polymor- 

phonuclear 

Leukocytes 

Myelocytes. 

Blood- 

platelets. 

Rarely  found.  Nor- 
moblasts are 
present  in  se- 
vere cases. 

Generally  nor- 
mal. 

Occasionally  rela- 
tively increased. 

Normal  or 
relatively 
diminish- 
ed. 

Rarely  found. 

Increased. 

Microblasts,  nor- 
moblasts, and 
megal  oblasts 
present.  The 
latter  most  nu- 
merous. 

A moderate 
leukopenia 
may  be  pre- 
sent. 

Usually  relatively 
increased. 

Commonly 

decreased, 

relatively. 

Small  number  near- 
ly always  found. 

Diminished. 

Only  in  severe 
cases. 

Generally  nor- 
mal. 

Sometimes  increased 
relatively. 

Sometimes 

decreased 

relatively. 

Absent  or  rare. 

Increased. 

Rarely  present. 

Normal  or 
slightly  in- 
creased. 

Generally  normal. 
Usually  increased 
if  fever  is  present. 

Generally 

normal. 

Rarely  found. 

Increased. 

More  frequent 
than  in  any  oth- 
er form  of  ane- 
mia. Normo- 
blasts predomi- 
nate. 

Enormous  in- 
crease. In  no 
other  anemia 
are  leuko- 

cy tes  so 

abundant. 

Increased,  but  rela- 
tively diminished. 

Increased, 
but  rela- 
tively di- 
minished. 

Myelocytes  form  a 
large  percentage 
of  the  leukocytes, 
from  10  to  60  per 
cent,  or  more. 
(Basophilic  cells 
included.) 

Increased. 

Rarely  present. 

Greatly  in- 

creased, but 
not  to  the  ex- 
tent found  in 
the  myelog- 
enous type. 

Greatly  increased  (as 
high  as  90  per  cent, 
or  more) . Some- 
times small  and 
other  times  large 
are  increased. 

Relatively 

decreased. 

Absent  or  rare. 

Increased. 

Usually  absent. 
May  be  pres- 
ent when  dis- 
ease is  marked. 

Normal  or 
slightly  in- 
creased. 

Generally  normal. 

4 

Generally 

normal. 

Rarely  found. 

Increased. 

Rarely  met  with 
in  mild  anemias, 
but  not  uncom- 
mon in  pro- 
nounced cases. 

Generally  in- 
creased. Sel- 
dom normal 
or  decreased. 

Usually  diminished. 

Usually  in- 
creased. 

May  be  found  in 
some  cases. 

Usually  in- 
creased. 
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faint  icterus;  a peculiar  lemon  hue  may  be  manifest  in  the  conjunctiva. 
Petechias  are  occasionally  present.  There  is  not  uncommonly  a small 
amount  of  edema,  particularly  in  the  lower  extremities.  The  panniculus 
adiposus  may  be  abundant;  it  is  usually  yellowish  in  color,  contrasting 
strongly  with  the  red  muscles.  Coagulation  of  the  blood  in  the  great 
vessels  and  in  the  heart  may  be  delayed  or  absent.  The  presence  of  free 
hemoglobin  in  the  blood-serum  and  in  the  serous  fluids  is  often  marked  and 
may  be  sufficient  to  stain  the  hands.  Fatty  and  granular  changes  occur 
in  the  heart.1  Similar  degenerative  processes  are  occasionally  seen  in  the 
arteries  and  capillary  walls.  Atrophy  of  the  gastric  mucosa  has  been 
described.  The  spleen  and  kidneys  may  show  pigmentation.  Degenera- 
tive changes  occur  in  the  spinal  cord,  particularly  in  the  posterior  col- 
umns and  to  a less  degree  in  the  lateral  tracts;  the  sclerosis  is  not  sys- 
temic, although  it  may  appear  so.  The  bone-marrow  usually  shows 
reversion  to  the  fetal  state,  and  contains  a large  number  of  nucleated 
hemoglobin-containing  cells  (erythroblasts) ; the  larger  cells  may  show 
evidence  of  phagocytic  power.  The  liver  is  usually  enlarged  and  may 
be  fatty,  and  constantly  contains  an  excess  of  iron  derived  from  dis- 
integrated erythrocytes.  Normally,  the  percentage  of  iron  in  the  liver 
is  from  0.078  to  0.12,  while  in  pernicious  anemia  it  not  uncommonly 
reaches  0.7.  The  iron  is  distributed  in  the  hepatic  cells  at  the  periphery 
of  the  lobule,  where  it  is  usually  abundant.  Occasionally,  an  excess  of 
iron  will  be  found  deeper  in  the  lobule,  and  at  times  the  interlobular 
tissue  may  contain  a trace.2  Enlargement  of  the  spleen  occurs,  Dudgeon 
and  Meek3  finding  this  in  all  of  their  eight  cases,  the  organ  in  one  weighing 
1080  gm. 

It  is  generally  conceded  that,  though  specific  hemolysins  have  not 
been  demonstrated,  pernicious  anemia,  essentially,  is  due  to  an  exces- 
sive hemolysis.  This  is  indicated  by  the  occurrence  of  disintegrated 
cells,  microcytosis,  polychromatophilia,  plasmorrhexis,  etc.;  the  hepatic 
changes  offer  additional  support  to  this  theory,  and  also  indicate  that 
the  hemolysis  occurs  within  the  portal  circulation.  The  large  percentage 
of  iron  in  the  liver  supports  this  view,  and  the  absence  of  hemoglobinuria 
would  indicate  that  the  hemocytolysis  did  not  occur  in  the  general 
circulation. 


LEUKEMIA. 

Synonyms. — Leukocythemia;  Lymphadenia. 

In  this  disease  there  occurs  a most  marked  increase  in  leukocytes, 
which,  while  it  varies  within  wide  limits,  is  usually  a constant  feature 
throughout  the  disease.  Leukemia  is  occasionally  observed  in  the  lower 
animals,  notably  the  cat,  dog,  ox,  sheep,  hog,  and  chicken.4 

Causes. — Leukemia  may  occur  at  any  age.  It  is  most  frequent  during 
middle  life — thirty  to  fifty  years.  It  is  twice  as  frequent  in  man  as  in 
woman.  A history  of  malaria  is  present  in  a certain  percentage  of 
cases.  Injury  to  the  spleen  is  sometimes  followed  by  leukemia.  Preg- 
nancy, lactation,  rickets,  and  syphilis  sometimes  antedate  the  appear- 
ance of  symptoms.  The  scanty  evidence  regarding  heredity  does  not 

1 See  Fig.  229,  p.  491. 

2 For  demonstration  of  iron  in  tissues  see  p.  226. 

3 Proc.  Royal  Soc.  Med.,  II.,  No.  6,  April,  1909. 

* Warthin,  Jour.  Infec.  Dis.,  vol.  4,  June,  1907,  p.  369. 


PLATE  VI. 


Spi.eno-Meduli.ary  Leukemia. 

( Triacid  Stain.) 

(From  Da  Costa’s  “ Clinical  Hematology.”) 


1.  Small  Lymphocyte. 

2.  Large  Lymphocyte. 

Contrast  this  cell  with  the  myelocytes,  io,  n,  and  12,  noting  the  presence  of  neutrophile  granules 
in  the  latter,  and  their  absence  in  the  lymphocyte.  The  size  and  nuclear  characteristics  of  all  these 
cells  are  practically  the  same. 

3.  4.  Polynuclear  Neutrophiles. 

5.  Eosinophile. 

In  this  “dwarf”  eosinophile,  ruptured  during  the  preparation  of  the  specimen,  the  granules  are 
peculiarly  arranged  about  the  nucleus;  no  signs  of  protoplasm  are  distinguishable. 

ft.  Eosinophilic  Myelocyte. 

Note  the  irregularity  with  which  the  granules  are  stained. 

7,  8,  9,  io,  11,  12,  13,  14,  is.  Myelocytes.  ( Neutrophilic .) 

These  cells  vary  greatly  in  size  (compare  8 with  9),  but  they  all  have  similar  distinctive  characteristics 
— a large  opalescent  nucleus  containing  a scanty  chromatin  net-work  embedded  in  a cell  body  crowded 
with  delicate  neutrophile  granules,  precisely  like  those  found  in  the  polynuclear  neutrophiles,  3 and 

4.  The  nucleus  of  7 is  distinctly  indented  and  somewhat  denser  than  that  of  the  other  myelocytes. 
This  cell  probably  represents  a developmental  phase  of  the  myelocyte  just  short  of  its  transition  into 
a typical  polynuclear  neutrophile. 

16.  Normoblast. 

The  erythrocytes  (stained  orange)  show  many  evidences  of  deformity,  an  occasional  megalocyte, 
many  microcytes,  and  a few  poikilocytes  being  present.  Polychromatophilia  is  absent. 

(E.  F.  Faber,  fee.) 
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favor  the  view  that  it  is  an  important  factor.  Certain  facts  in  the  history 
of  some  cases  would  indicate  the  possibility  of  its  being  an  infectious 
disorder,  but  though  protozoa  and  various  bacteria  have  been  described 
as  present  in  the  blood,  and  though  it  is  claimed  that  the  disease  has 
been  communicated  to  lower  animals,  the  evidence  must  be  regarded— 
for  the  present,  at  least— as  incomplete;  experienced  investigators  have 
failed  to  demonstrate  bacteria  in  the  blood,  and  by  them  inoculation  in 
animals  has  proved  futile.  Many  observers  have  failed  to  verify  the 
presence  of  parasites  described  by  Lowit  or  the  spirochetes  observed  by 
Proescher  and  White  in  the  organs.  The  significance  of  the  rod-like 
bodies  (Auer)  in  the  large  lymphocytes  of  acute  leukemia  remains  unde- 
termined. The  disease  has  been  transmitted  in  fowls.  Hirschfeld  and 
Jacoby1  inoculated  forty-eight  hens  with  material  from  a leukemic  chicken; 
eighteen  developed  leukemia  and  four  pseudoleukemia.  In  the  latter 
the  anatomical  picture  was  the  same  as  in  the  first  group  but  the  blood 
was  not  involved.  Ellermann  and  Bang2  produced  the  disease  by  in- 
jecting the  extract  of  organs,  a cell-free  filtrate  being  active.  By  some 
the  process,  especially  in  the  acute  cases,  is  regarded  as  allied  to  tumor 
formation.  This  view  would  regard  the  blood  as  a tissue  the  intercellular 
substance  of  which  is  fluid,  and  the  added  cellular  elements  present  in  the 
blood  would  be  considered  tumor  cells.  The  fact  that  the  cells  invade 
the  organs,  or  at  least  are  found  infiltrating  various  organs  and  tissues, 
is  adduced  to  support  the  theory.  Nothing  satisfactory  in  the  way  of 
demonstration  has  been  given,  and  at  best  the  view  can  be  looked  upon 
as  a working  hypothesis  only. 

Leube  has  described  a form  of  anemia  supposed  to  possess  characters 
of  mixed  pernicious  anemia  and  leukemia,  to  which  he  gave  the  name 
leukanemia.  It  is  characterized  by  progressive  anemia  without  emacia- 
tion, blood  changes  resembling  pernicious  anemia,  slight  myelocythemia, 
and  relative  increase  of  lymphocytes.  The  polynuclear  leukocytes  are 
reduced,  and  there  are  many  nucleated  erythrocytes.  Melland3  regards 
the  condition  as  an  atypic  leukemia. 

Two  forms  of  leukemia  are  recognized — (1)  myelogenous  and  (2) 
lymphatic.  Clinically,  either  may  be  acute  or  chronic.  The  myel- 
ogenous is  almost  always  chronic;  the  lymphatic  is  not  infrequently 
acute. 

The  Blood  Condition. — When  the  number  of  leukocytes  is  large,  the 
blood  may  be  pale,  and  even  slightly  turbid,  and  marked  oligocythemia, 
with  associated  reduction  in  blood  coloring-matter,  may  give  rise  to 
a thin,  watery  consistence,  and,  as  a result  of  the  presence  of  a large 
number  of  leukocytes,  a yellowish  tint.  The  platelets  are  increased,  the 
alkalinity  lowered.  Coagulation  is  delayed,  and  this  delay  is  most  nota- 
ble in  the  presence  of  pronounced  oligocythemia  and  oligochromemia. 
The  actual  quantity  of  fibrin  present  is  said  to  be  increased.  The  two 
statements  are  reconciled  by  the  belief  that  peptone  is  present,  which, 
as  is  well  known,  delays  coagulation. 

Myelogenous  Leukemia  ( Myeloid  Leukemia  or  Leukocythemia;  Myel- 
emia;  Myelocythemia). — The  total  number  of  leukocytes  shows  a wide 
variation,  the  majority  of  cases  being  included  between  100,000  and 
500,000;  counts  between  the  latter  number  and  1,000,000  are  not  in- 

1 Zeitschr.  f.  klin.  Med.,  lxix,  107,  igog. 

2 Centralbl.  f.  Bakter.,  Bd.  xlvi,  May  18,  igo8. 

3Quar.  Jour,  of  Med.,  vol.  3,  No.  g,  Oct.,  igog. 
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frequent,  and  as  high  as  1,590,000  has  been  recorded.  The  average  in 
the  108  cases  of  Cabot  and  Da  Costa  was  370,000.  The  enormous  addi- 
tion of  myelocytes  is  the  most  conspicuous  change  in  this  form  of  the 
disease.  These  cells  may  constitute  from  twenty  to  fifty  per  cent,  of 
the  leukocytes  present — a percentage  never  approached  in  any  other 
form  of  leukocytosis.  They  vary  remarkably  in  size,  from  7^  to  20 p 
or  more  in  diameter.  Owing  to  the  frequency  of  degenerative  changes 
in  the  leukocytes  in  this  disease,  the  differentiation  of  myelocytes  and 
lymphocytes  is  in  many  instances  very  difficult.  Mast  cells  with  coarse 
granules  are  almost  constantly  conspicuous,  ranging  from  one  to  ten 
per  cent.,  or  even  higher.  Next  to  the  myelocytes  they  are  probably 
the  most  important  diagnostic  feature.  There  is  a marked  absolute 
increase  in  the  eosinophiles  and  polymorphonuclear  leukocytes,  although 
the  preponderance  of  myelocytes  materially  alters  the  percentage.  In- 
stead of  from  sixty  to  seventy  per  cent,  of  the  leukocytes  belonging  to 
the  polymorphonuclear  group,  the  percentage  varies  between  ten  and 
fifty.  The  uninuclear  cells,  lymphoid  and  hyaline,  are  relatively  di- 
minished and  degenerating  forms  are  frequent.  Myelocytes  showing 
karyokinesis  are  occasionally  present. 

The  red  cells  are  usually  diminished  in  number;  the  extent,  however, 
of  the  reduction  varies  in  different  cases,  and  more  or  less  at  different 
periods  in  the  history  of  any  given  case.  Sometimes  the  count  may 
be  normal;  in  other  cases  the  oligocythemia  may  be  most  marked. 
Eichhorst  has  reported  a case  in  which  the  red  cells  were  reduced  to 
316,000  to  the  cubic  millimeter.  The  reduction  in  red  cells  proportion- 
ately reduces  the  hemoglobin;  marked  alterations  in  the  color-index 
are  not  uncommonly  present.  A conspicuous  morphologic  change  is 
the  abundance  of  nucleated  red  cells.  Normoblasts  are  rarely  absent; 
microblasts  and  megaloblasts  are  never  so  abundant.  Poikilocytosis 
is  not  usually  conspicuous.  The  blood-platelets  are  commonly  increased. 
Charcot-Leyden  crystals  are  occasionally  seen.  (See  table,  pp.  418  and 
419.) 

Lymphatic  Leukemia  ( Lymphocythemia ; Lymphemia) . — Leukocytosis 
is  not  so  marked  as  in  myelogenous  leukemia.  The  total  count  of  leuko- 
cytes ranges  between  40,000  and  400,000,  rarely  exceeding  200,000  or 
250,000,  although  counts  of  more  than  1,000,000  have  been  reported. 
The  average  in  the  thirty-five  cases  of  Cabot  and  Da  Costa  was  255,000. 
The  leukocytes  most  abundant  in  this  form  are  the  uninuclear  cells; 
in  some  cases  the  lymphocyte,  in  others  the  hyaline  cell,  predominates. 
Some  regard  the  large  cells  present  in  this  type  of  leukemia  as  not  belong- 
ing to  either  group  of  lymphocytes.  This  view  has  been  given  support 
by  Longcope  and  Donhauser1  who  obtained  from  such  cells  in  an  acute 
case  a proteolytic  ferment  differing  from  that  in  the  small  lymphocytes 
of  the  chronic  form  and  also  from  that  of  the  endothelioid  cells  in  lymph- 
glands.  They  consequently  believe  these  cells  to  be  more  nearly  related 
to,  and  probably  forerunners  of,  the  granular  myelocytes.  The  poly- 
morphonuclear cells  are  diminished;  the  eosinophiles  are  scanty  or  absent. 
Myelocytes,  if  present,  are  never  abundant.  Oligocythemia  is  more 
conspicuous  and  constant  in  this  form  of  leukemia.  The  count  of  the  red 
cells  may  show  from  1,000,000  to  2,000,000.  Abnormal  forms  of  red  cells 
correspond  to  the  degree  of  anemia.  Nucleated  erythrocytes  are  not  so 

1 Jour.  Exp.  Med.,  vol.  x,  No.  5,  Sept.,  1908. 


PLATE  VII. 


Lymphatic  Leukemia. 

( Triacid  Stain.) 

(From  Da  Costa’s  “ Clinical  Hematology.’’) 


t,  2,  3,  4,  5,  6.  Small  Lymphocytes. 

These  cells  show  a great  difference  in  the  intensity  of  their  reaction  toward  the  basic  dye.  The  smallest 
forms,  i,  2,  4,  and  5,  being  richer  in  nuclear  chromatin  and  staining  more  deeply  than  the  larger. 
3 and  6.  Compare  2 with  the  normoblast,  16,  Plate  VI. 

7,  8,  9,  10,  n.  Large  Lymphocytes. 

Except  in  10,  which  shows  a delicate  rim  of  fuchsin-stained  protoplasm,  these  lymphocytes  appear 
simply  as  pale  chromatin-deficient  nuclear  structures,  lacking  cell  bodies.  Compare  these  cells  with 
the  myelocytes,  Plate  VI. 

r 2 . Transitional  Form. 

The  upper  edge  of  the  nucleus  is  somewhat  indented  and  the  protoplasm  is  distinguishable;  other- 
wise this  cell  resembles  a large  lymphocyte. 


(E.  F.  Faber,  Jec.) 
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numerous  as  in  the  myelogenous  form  of  the  disease.  (See  table,  pp.  418 
and  419.) 

In  the  chronic,  and  usual,  variety  of  this  form  of  leukemia  the  small 
lymphocyte  commonly  predominates,  although  the  large  lymphocyte  may 
be  in  excess.  The  average  is  about  ninety  per  cent,  of  the  entire  number 
of  leukocytes.  Atypic  and  degenerating  forms  of  lymphocytes  are  often 
numerous. 

The  acute  variety  terminates  fatally  within  a few  weeks  or  months 
after  its  onset,  and  in  many  ways  resembles  an  acute  infection;  a specific 
cause,  however,  has  not  yet  been  demonstrated.  In  the  greater  number 
of  cases  the  large  lymphocyte  predominates,  an  excessive  leukocytosis 
not  always  being  present.  Conspicuous  accompanying  lesions  are  cutane- 
ous, mucous,  and  visceral  hemorrhages,  and  ulcerative  stomatitis. 

The  names  given  to  the  different  forms  of  leukemia  are  not  based  upon 
changes  in  the  organs;  enlargement  of  the  lymph-nodes  is  not  a constant 
feature  of  lymphatic  leukemia  and  marked  changes  in  the  bone-marrow 
may  be  present.  Changes  in  the  organs  usually  depend  upon  the  duration 
of  the  disease  rather  than  upon  the  character  of  the  blood-cells,  being  more 
marked  in  chronic  cases. 

The  spleen  may  be  greatly  enlarged,  weighing  as  much  as  eight  kilos. 
The  capsule  may  be  fibrous  or  even  cartilaginous.  The  shape  of  the  organ 
is  not  altered.  Infarcts  may  be  recognized  upon  the  surface  or  on  section. 
Associated  infectious  processes  produce  less  softening  in  the  leukemic 
organ  than  in  the  normal  spleen.  The  color  of  the  pulp  is  further  in- 
fluenced by  the  number  of  red  blood-cells,  and  as  leukemic  patients  are 
prone  to  hemorrhage,  a pinkish  or  pale  pulp  may  be  induced  thereby. 
In  the  absence  of  such  condition  the  pulp  is  usually  redder  than  normal. 
The  extensive  intercalation  of  leukocytes  may,  even  in  the  paler  pulp, 
obscure  the  Malpighian  bodies.  As  already  stated,  the  density  of  the 
organ  is  more  marked  in  the  chronic  form  of  the  disease.  Under  the  mi- 
croscope the  splenic  reticulum  may  be  somewhat  increased,  although  it  is 
not  commonly  much  in  excess  of  the  normal.  Occasionally,  it  shows 
more  or  less  hyaline  change.  The  most  striking  feature  is  the  abundance 
of  leukocytes.  These  are  usually  of  the  form  in  excess  in  the  blood.  The 
more  chronic  the  case  and  the  greater  the  splenic  enlargement,  the  more 
marked  the  leukocytic  intercalation. 

The  changes  seen  in  the  bone-marrow  usually  assume  one  of  two 
types,  although  intermediate  grades  are  occasionally  noted.  Both  of 
these  types  have  received  inappropriate  names.  Pyoid  marrow  is  yel- 
lowish in  color  and  soft  in  consistence.  The  marrow  usually  present  is 
firm,  pink  or  pinkish-gray  in  color,  and  is  called  adenoid  or  lymphoid 
marrow.  The  abnormal  marrow  displaces  the  fatty  medulla  of  the  long 
bones.  Histologic  changes  of  the  myelogenous  form  consist  of  an  enor- 
mous increase  in  the  number  of  normal  marrow-cells.  Erythroblasts, 
normal  in  size,  and  cells  of  the  larger  and  smaller  types,  are  usually  found ; 
large  phagocytic  marrow-cells  are  present.  Evident  cell  proliferation 
is  not  uncommonly  present,  and  in  a few  cases  has  been  conspicuous. 
The  gross  appearance  of  the  marrow  in  lymphatic  leukemia  does  not 
differ  from  that  observed  in  the  myelogenous  cases.  The  leukocytes 
present  are,  however,  of  the  hyaline  and  lymphocytic  types — normal 
marrow-cells  being  displaced  by  the  lymphoid  infiltration. 

Lymph-nodes. — In  nearly  all  cases  of  lymphatic  leukemia  enlarge- 
ment of  these  structures  occurs  at  some  time  or  other  in  the  progress 
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of  the  disease.  In  some  cases  the  enlargement  is  restricted  to  an  ana- 
tomic group;  in  other  cases  different  areas  may  be  involved;  and  still 
less  frequently  the  condition  may  be  general.  On  section,  the  affected 
nodes  are  pink  or  grayish-pink  in  color,  soft,  and  juicy.  Confluence 
is  not  common,  and  even  where  a large  group  has  apparently  merged  into 
a single  mass,  differentiation  of  the  nodes  may  be  possible.  The  enlarge- 
ment of  the  nodes  seems  to  be  due  to  engorgement  of  the  lymph-channels, 
including  the  peripheral  sinuses.  In  the  less  frequent  glandular  en- 
largement of  the  splenomedullary  form  the  lymphatic  sinuses  are  dis- 
tended by  leukocytes  presumably  coming  from  the  blood. 

The  liver  usually  shows  considerable  enlargement,  and  may  weigh  as 
much  as  eight  kilos.  It  is  commonly  pale,  and  the  pallor  may  be  most 
conspicuous  along  the  course  of  the  portal  channels.  The  extreme 
anemic  appearance  is  frequently  due  to  the  intercalation  of  leukocytes, 
the  distribution  of  which  may  be  patchy,  local,  or  general. 

The  kidneys  may  be  enlarged,  and  lymphoid  intercalation  may  be 
marked. 

Increase  in  the  lymphoid  tissue  is  always  noticed  in  the  thymus  and 
the  lymphoid  elements  of  the  alimentary  canal,  as  well  as  in  the  lungs, 
and  even  in  the  skin.  The  tendency  toward  hemorrhage,  previously 
remarked  upon  as  a clinical  phenomenon  of  leukemia  in  general,  is  further 
shown  by  the  occurrence  of  visceral  hemorrhage  and  of  hemorrhage  into 
the  newly  formed  areas  of  lymphoid  tissue,  into  the  joints,  and  even  into 
the  brain. 

No  satisfactory  explanation  has  been  offered  for  the  increase  in  leuko- 
cytes and  the  associated  intercalation  of  these  cells  in  the  various  organs. 
It  has  been  held  that  the  leukocytic  increase  is  dependent  upon  pro- 
liferation of  the  lymphoid  tissue  from  which  leukocytes  are  thrown  into 
the  general  circulation.  It  has  also  been  maintained  that  the  lymphocytic 
infiltration  of  the  various  organs  and  tissues  represents  the  accumulation 
of  leukocytes  deposited  from  the  blood.  White  and  Hopkins  favor  the 
belief  that  the  increase  in  leukocytes  results  from  diminished  destruction 
of  the  cells. 

Pseudoleukemia  {Hodgkin's  Disease ). — This  morbid  condition  resem- 
bles leukemia  in  its  anatomy,  but  differs  materially  in  the  blood  changes. 
The  latter  are  not  characteristic,  the  chief  value  of  the  blood  examination 
lying  in  the  absolute  exclusion  of  leukemia.  In  the  early  stages  the 
blood  shows  no  noteworthy  departure  from  the  normal;  later  a variable 
degree  of  anemia  ensues.  The  leukocytes  remain  unchanged  or  moder- 
ately increased;  there  may  be  a relative  gain  in  polymorphonuclear 
leukocytes  or  more  rarely  in  the  lymphocytes.  Like  leukemia,  the  disease 
may  assume  an  acute  form,  but  usually  is  chronic  in  type.  Splenic  en- 
largement may  predominate  over  the  changes  in  the  lymph-nodes.1 

Splenic  anemia — sometimes  called  pseudoleukemia  splenica — is  re- 
garded by  some  as  a splenic  form  of  Hodgkin’s  disease  analogous  to  the 
myelogenous  form  of  leukemia.  The  anemia  is  of  the  chlorotic  type. 
Leukopenia,  sometimes  pronounced,  is  the  most  characteristic  finding. 
Relative  lymphocytosis  is  common.  The  changes  in  the  blood  in  pseudo- 
leukemia and  in  splenic  anemia,  and  their  differentiation  from  leuko- 
cythemia,  will  be  found  in  the  table  on  pages  418  and  419. 

Mycoses  of  the  Blood  (see  Intoxications  and  Infections,  pp.  371  and 

1 For  further  consideration  of  the  morbid  anatomy  of  Hodgkin’s  disease  see 
Diseases  of  the  Lymph-nodes. 


THE  BLOOD. 


425 


372). — The  possible  infections  of  the  blood  may  be  greater  than  is  at 
present  believed.  The  organisms  of  anthrax,  tuberculosis,  glanders, 
typhoid  fever,  and  relapsing  fever,  also  the  pyogenic  and  a few  other 
bacteria,  have  been  identified  in  the  blood.  Care  must  be  used  in  draw- 
ing conclusions  from  the  presence  of  bacteria  in  the  blood  postmortem, 
as  it  has  been  satisfactorily  demonstrated  that  in  the  agonal  period — 
the  final  moments  or,  it  may  be,  hours  of  the  death  agony — bacterial 
diffusion  is  favored  by  the  lessening  bactericidal  action  of  the  blood 
and  the  probable  increasing  permeability  of  the  vessel  walls.  The 
demonstration  of  bacteria  in  the  blood  does  not  materially  differ  from 
their  demonstration  elsewhere.  Trustworthy  conclusions  are  rarely 
possible  from  an  examination  of  a drop  of  blood  obtained  by  simply 
pricking  the  skin,  as  already  directed.  The  method  of  Sittmann  is  to 
be  commended.  A vein,  preferably  one  in  the  arm,  is  exposed  under  the 
most  rigid  aseptic  methods — previous  sterilization  of  the  skin,  instru- 
ments, operator’s  hands,  etc. — and  a sterile  cannula  is  thrust  into  the 
vessel,  which  may  be  caused  to  distend  by  proximal  obstruction,  as 
by  pressure  by  the  finger  or  a fillet  applied  above  the  point  elected  for 
opening.  The  blood  flowing  from  the  cannula  is  received  in  a sterile  con- 
tainer (flask  or  test-tube  sterilized  by  heat),  and  the  subsequent  examina- 
tion is  conducted  upon  principles  laid  down  in  the  chapter  on  Bacterio- 
logic  Technic. 

Animal  Parasites. — The  animal  parasites  found  in  the  blood  are 
broadly  classed  as  hematozoa.  The  most  important  are  the  malarial 
organism  (p.  171),  the  embryo  of  the  Filaria  sanguinis  hominis  (p.  196), 
the  trypanosoma  (p.  167),  and  the  Schistosoma  hematobium  (p.  179). 
The  last  named  is  really  a parasite  of  certain  vessels — the  portal  vein 
and  its  branches  and  the  venous  ramifications  around  the  bladder  and 
rectum.  The  Trichinella  spiralis  has  been  found  in  at  least  two  cases.1 

1 Herrick  and  Janeway,  Archives  of  Int.  Med.,  April,  1909. 
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SPLEEN.1 

The  spleen,  in  the  course  of  the  postmortem,  is  the  first  organ  ex- 
amined in  the  abdominal  cavity.  It  varies  greatly  in  size  and  weight, 
usually  weighing  between  ioo  gm.  and  350  gm.,  and  measuring  from 
10  cm.  to  15  cm.  in  length,  6 cm.  to  10  cm.  in  breadth,  and  2/.  5 cm.  to 
4 cm.  in  thickness;  the  relation  to  the  weight  of  the  body  is  about  1 
to  360.  The  color  varies  considerably,  even  in  health,  and  undergoes 
important  changes  after  death;  the  same  may  be  said  of  the  consistency. 

Postmortem  Changes  in  the  Spleen. — In  the  presence  of  any  engorge- 
ment or  necrotic  process  the  spleen  quickly  undergoes  postmortem  dis- 
integration. As  a result  of  attachment  to  the  stomach,  digestion  may 
give  rise'  to  disintegration  of  the  gastric  wall  which  sometimes  extends 
into  the  splenic  tissue.  Sulphureted  hydrogen  passing  through  the  wall 
of  any  adjacent  hollow  viscus  gives  rise  to  precipitation  of  the  iron  pres- 
ent in  the  splenic  tissue,  as  a result  of  which  the  organ  shows  pseudo- 
melanosis, at  first  restricted  to  the  area  of  contact,  but  in  time,  and 
particularly  where  decomposition  is  in  progress,  involving  the  whole 
surface  of  the  organ.  The  layer  of  postmortem  pigmentation  is  usually 
thin,  rarely  extending  to  a depth  of  x cm. 

Emphysema  of  the  spleen,  with  or  without  the  presence  of  gas  cysts, 
is  a postmortem  process,  and  depends  upon  the  evolution  of  gas  in  the 
splenic  pulp  as  a result  of  infection  by  some  gas-producing  organism, 
such  as  the  Bacillus  aerogenes  capsulatus,  colon  bacillus,  etc. 

Malposition. — Splenoptosis,  wandering  or  movable  spleen,  arises  as  a 
result  of  relaxation  or  stretching  of  its  normal  attachments,  and  usually 
the  organ  is  one  of  several  displaced  in  the  condition  called  splanchnop- 
tosis,2 visceroptosis,  enteroptosis,  or  Glenard’s  disease.  Visceral  prolapse, 
of  which  splenoptosis  is  a type,  may  result  from  developmental  defects, 
external  compression,  as  by  improper  corsets  and  belts,  or  may  occur 
in  patients  who  have  been  bed-ridden,  in  whom  it  is  a result  of  muscular 
wasting  and  relaxation.  The  postpartum  cases  are  due  to  overdisten- 
tion of  the  abdominal  wall  by  a number  of  pregnancies.  Postoperative 
forms  result  from  similar  relaxation  of  the  belly  wall.  The  spleen  may 
also  be  displaced  by  blows  or  injuries  which  suddenly  force  the  costal 
margin  inward.  It  is  not  improbable  that  falls  in  the  erect  posture  or 
on  the  buttocks  may  jar  the  spleen  from  position.  The  extent  of  the 
splenic  displacement  may  be  very  marked,  the  viscus  at  times  becoming 
a pelvic  organ.  It  is  probable  that  the  lengthening  of  the  suspensory 
ligament  may  be  caused  by  an  increase  in  the  size  of  the  spleen,  and, 
most  certainly,  the  displaced  organ  becomes  larger,  the  increase  in  size 

1 Lectures  on  Disorders  of  the  Spleen,  Taylor,  Lancet,  May  28,  1904,  p.  1477; 
Rofleston,  Allbutt  and  Rolleston’s  System  of  Medicine,  vol.  iv,  Part  I,  p.  435. 

2 Robinson,  Philav  Med.  Jour.,  Nov.  30,  1901;  Keith,  Lancet,  March  7,  1903, 
p.  631;  Brown,  Amer.  Med.,  Aug.  15,  1903,  Aug.  22,  1903,  p.  307,  and  Aug.  29, 
1903,  p.  359;  McCallum,  Brit.  Med.  Jour.,  Feb.  18,  1905,  p.  345;  Gallant,  Inter- 
national Clinics,  1905,  vol.  iv,  14th  series. 
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being  partly  due  to  the  obstruction  to  venous  return,  brought  about 
by  the  tension  on  the  splenic  vein  impeding  the  flow  of  blood  on  its  way 
to  the  liver. 

The  condition  is  more  common  in  the  female  than  in  the  male,  and 
is  most  frequent  in  women  who  have  borne  a number  of  children.  Re- 
laxation of  the  abdominal  wall  favors  displacement  of  the  organ  by 
partial  withdrawal  of  its  normal  support.  The  spleen  may  be  forced 
from  its  normal  position  by  spinal  curvature,  tumors  and  swelling  in 
the  retrosplenic  area,  and  assumes  a lower  level  as  a result  of  inflamma- 
tory effusion,  morbid  growths,  etc.,  in  the  left  pleura.  The  organ  is  some- 
times pulled  out  of  place  by  attachment  to  an  adjacent  prolapsed  viscus, 
as  the  colon,  stomach,  kidney,  or  pancreas.  The  long  pedicle  necessary 
for  such  marked  displacement  as  is  seen  when  the  spleen  is  located  in 
the  pelvis  or  in  the  right  iliac  fossa  is  usually  made  up  of  the  splenic  artery 
and  vein,  with  a certain  amount  of  connective  tissue,  in  which  may  be 
embedded  a part  of  the  pancreas.  The  danger  in  wandering  spleen  is 
twisting  of  the  pedicle  and  obstruction  to  the  blood-supply  of  the  dis- 
placed organ.  Interference  with  the  venous  circulation  may  be  brought 
about,  slowly  inducing  congestion,  with  marked  induration  of  the  spleen 
(1 cyanotic  induration) . It  is  alleged  that  the  interference  with  circulation 
may  give  rise  to  atrophy,  although  I have  never  seen  the  two  conditions 
associated.  When  the  obstruction,  either  venous  or  arterial,  is  complete, 
necrosis  occurs;  this  may  be  manifested  by  a general  softening  (autolysis) 
of  the  organ  or  by  gangrene.  The  liability  of  wandering  spleen  to 
circulatory  disturbance  is  further  evinced  by  the  fact  that  it  not  un- 
commonly contains  infarcts;  these  may  be  of  different  ages.  As  a result 
of  localized  peritoneal  inflammation  and  capsulitis,  the  wandering  spleen 
may  become  attached  in  some  abnormal  position,  and  has  been  mistaken 
for  a neoplasm  arising  at  the  point  of  attachment. 

In  addition  to  the  wandering  spleen,  there  is  ^occasionally  seen,  as 
in  the  liver,  a partial  rotation  of  the  organ  on  its  long  axis,  thus  presenting 
an  edge  for  percussion  and  other  physical  examination,  and  misleading 
the  clinician  as  to  the  size  of  the  organ.  In  the  situs  inversus  the  organ 
is  absent,  prolapsed,  or  on  the  right  side. 

Malformation. — The  spleen  may  be  absent.  Hypoplasia  of  the 
organ  is  more  common.  Willis  reported  an  instance  of  congenital  union 
of  spleen  and  liver.  Splenculi,1  or  accessory  spleens,  are  quite  frequent. 
The  number  of  splenculi  varies.  Usually  one  or  two  are  found.  In- 
stances have  been  reported,  however,  in  which  as  many  as  forty  accessory 
spleens  were  present.  It  is  probable  that,  in  the  cases  where  hundreds 
of  splenculi2  have  been  reported,  hemolymph  nodes,  normal  or  enlarged, 
have  been  mistaken  for  spleens.  The  accessory  organs  may  be  situated 
near  the  hilum  of  the  normal  organ,  in  the  splenic  pedicle,  in  some  peri- 
toneal fold  adjacent  to  the  spleen,  or  even  upon  the  opposite  side  of  the 
abdominal  cavity.  Rarely,  they  are  found  in  the  spleen  itself,  and  are 
occasionally  embedded  in  other  organs,  as  the  pancreas.  Histologically, 
the  structure  of  the  accessory  organs  is  identical  with  that  of  the  normal 
viscus,  the  former  being  nothing  more  than  miniature  reproductions  of 
the  latter.  They  are  probably  physiologically  accessory  to  the  normal 
spleen,  and  may  undergo  hypertrophy  after  removal  of  the  fully  formed 
organ.  It  has  usually  been  found  that  where  animals  show  no  disturbance 

1 Wohlwill,  Virchows  Arch.  Bd.  cxciv. 

- Munch,  med.  Woch.,  1895,  No.  18,  p.  433. 
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of  health  as  a result  of  splenectomy,  accessory  spleens  have  hypertrophied 
and  have  assumed  the  function  of  the  removed  organ. 

Instead  of  a single  organ  approaching  the  normal,  with  a number 
of  accessory  spleens,  there  are  sometimes  found  two  or  more  smaller 
organs  of  approximately  the  same  size,  multiple  spleens.  Garrod  has 
observed  nine  spleens  in  one  cadaver.  Multiple  and  accessory  spleens 
are  liable  to  the  same  diseases  as  the  normal  organ. 

The  normal  splenic  notch  may  in  rare  instances  be  absent,  and  in 
other  cases  a number  of  notches  are  found.  Occasionally,  the  normal 
notches  are  deep,  and  practically  amount  to  incisures  or  fissures,  giving 
rise  to  the  bifid  spleen  or  lobulated  spleen. 

Atrophy  of  the  spleen  is  seen  particularly  in  the  aged.  The  typical 
senile  spleen  is  usually  small,  with  a wrinkled  capsule,  which  may  be 


Fig.  207. — Spleen  Consisting  of  Two  Parts  Joined  by  Fibrous  Band. 
Each  half  contains  an  accessory  spleen  partly  embedded  in  the  posterior  margin. 


considerably  thickened.  In  the  absence  of  any  preceding  or  associated 
condition  giving  rise  to  pigmentation  the  organ  is  usually  pale.  The 
Malpighian  bodies  and  splenic  pulp  are  atrophied,  and  the  fibrous  septa 
are  thickened.  A closely  allied,  but  by  no  means  identical,  condition 
is  found  in  large  spleens  with  atrophied  Malpighian  bodies  and  intensely 
hyperemic  pulp.  As  a result  of  fibrous  change,  a certain  amount  of 
contraction  may  be  present.  Little  is  known  of  true  hypertrophy  of  this 
organ.  By  some  the  enlargement  of  the  spleen  seen  in  splenic  anemia, 
Hodgkin’s  disease,  and  leukemia  is  held  to  be  an  example  of  hypertrophy. 
The  increase  in  size  seen  in  malaria  is  surely  not  hypertrophic  in  character. 
I would  hesitate  to  regard  as  hypertrophy  the  splenic  enlargement  seen 
in  many  infections,  infarction,  passive  congestion,  lardaceous  disease, 
cysts,  tumors,  etc.,  all  of  which  conditions  are  clearly  distinct  from  true 
hypertrophy. 

Pigmentary  Infiltration. — In  chronic  malaria1  the  spleen  may  acquire 
an  enormous  size  and  be  intensely  pigmented.  The  viscus  may  weigh 
as  much  as  five  kilos,  or  even  more.  During  the  earlier  infections  the 
spleen  is  soft,  the  pulp  being  almost  diffluent  and  of  a dark-brown  ehoco- 

1 Craig,  Amer.  Med.,  July  25,  1903,  p.  145. 
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late  color.  Thrombosis  of  the  smaller  blood-vessels  and  areas  of  necrosis 
are  not  infrequently  present.  Later,  or  after  repeated  infections,  the 
organ  becomes  greatly  enlarged,  firmer,  cutting  with  considerable  resist- 
ance, as  a result  of  a decided  increase  in  the  fibrous  tissue  (“ague  cake”). 
It  may  be  of  a dark  slate-color,  due  to  the  contained  pigment.  His- 
tologically, the  fibrous  septa,  the  trabeculae,  and  the  pulp  all  show  an 
abundant  increase,  with  wide-spread  deposit  of  pigment  throughout  the 
connective  tissue  and  pulp.  The  parasite  of  malaria  may  be  found  in  the 
spleen,  and  leukocytes  containing  the  organism  are  not  infrequently 
present. 

Lardaceous  Disease.— The  spleen  is  large,  and  may  be  voluminous, 
weighing  five  kilos;  it  is  lighter  in  color  and  of  higher  specific  gravity 
than  in  health,  and  contains  deposits  of  amyloid  material  in  sago-grain- 
like  bodies;  hence  the  name,  sago-spleen.  The  iodin  reaction  renders  its 
recognition  clear.  (See  Lardaceous  Disease,  p.  219.)  The  lardacein 
is  especially  conspicuous  in  the  Malpighian  bodies;  in  the  earliest  stage  it 
probably  occurs  as  an  involvement  of  the  arterial  branch  that  the  Mal- 
pighian body  surrounds.  There  is  a form  of  amyloid  spleen  in  which  the 
infiltration  is  more  diffuse,  not  in  the  distinct  sago  grains,  as  just  described, 
but  involving  the  pulp  and  fibrous  septa.  The  chemic  reaction  is  equally 
well  marked,  but  is  more  diffuse  and  less  punctiform  than  in  the  sago- 
spleen.  (See  Plate  V.)  As  already  described,  amyloid  disease  arises  in 
a number  of  organs  almost  simultaneously,  but  the  spleen  seems  to  suffer 
most  in  the  early  stage  of  the  wide-spread  morbid  condition,  and,  for  this 
reason,  any  large,  rather  pale  organ  should  be  carefully  tested  with  iodin 
to  differentiate  clearly  between  the  enlargements  due,  for  example,  to 
leukemia,  and  those  of  amyloid  disease.  The  occasional  deposit  of  hyaline 
material  in  the  septa,  vascular  twigs,  and  reticulum  has  been  regarded  as 
a form  of  degeneration.  It  is  possibly  but  a step  in  the  evolution  of  larda- 
cein. 

Calcareous  infiltration  is  seen  in  the  spleen  as  a result  of  past  necroses, 
inflammations,  or  chronic  infections.  Lime  salts  are  not  infrequently  de- 
posited in  the  thickened  capsule  of  chronic  capsulitis,  which  may  extend 
over  a considerable  area  and  assume  a bony  or  stone-like  hardness.  The 
periphery  of  quiescent  tuberculous  areas,  cyst-walls,  and  the  cicatrices 
of  old  infarcts  may  show  calcareous  infiltration. 

Acute  Splenic  Tumor,  Splenic  Engorgement. — In  acute  sepsis,  and 
in  many  of  the  acute  infectious  diseases  with  bacteria  or  their  products 
circulating  in  the  blood,  the  spleen  is  distended  with  blood,  its  pulp  soft 
and  diffluent,  and  the  whole  organ  edematous  and  enlarged.  This  has 
been  considered  by  some  an  acute  engorgement — an  acute  hyperplasia  of 
the  organ— the  result  of  accumulation  of  toxic  bodies,  and  by  others  a 
reactionary  phenomenon  by  which  the  spleen,  accessory  to  other  organs, 
is  enlarged  in  an  effort  to  combat  infection.  As  we  are  not  fully  aware 
of  the  functions  of  the  spleen  or  of  the  organs  at  work  in  combating  in- 
fections, the  precise  cause  of  the  process  cannot,  for  the  present,  be  defi- 
nitely explained. 

The  condition  has  been  called  acute  diffuse  splenitis.  The  term  en- 
gorgement is  not  the  proper  one,  and  the  term  infectious  splenitis  has  been 
offered  as  a substitute;  the  objections  to  the  latter  will  become  apparent 
when  considering  splenic  infarction. 

In  addition  to  the  gross  changes  previously  noted,  the  tension  of 
the  capsule  may  be  striking,  and  during  life  it  may  be  so  great  that, 
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with  the  softening,  the  spleen  ruptures.  Postmortem,  such  an  organ 
is  rarely  removed  without  a tear  in  its  capsule  through  which  the  ab- 
normally dark,  grumous  pulp  is  easily  expressed.  In  such  an  organ 
the  sinuses  are  found  distended  with  blood,  and  containing  numerous 
leukocytes,  and  red  cells,  many  of  the  latter  fragmented.  If  bacteria 
are  circulating  in  the  blood,  the  splenic  interstices  may  be  distended 
by  the  invaders.  The  pulp-cells  may  be  found  in  all  stages  of  their 
life  history — karyokinetic,  active,  cloudy,  granular,  necrotic,  and  frag- 
menting; the  displaced  and  softened  fibrous  network  manifests  the  separa- 
tion of  fibers  incident  to  edema  and  vascular  distention.  Commonly, 
the  splenic  pulp  contains  a large  number  of  phagocytes  in  which  may 
be  found  bacteria.  Some  of  the  phagocytic  cells  are  leukocytes,  others 
are  derived  from  the  large  endothelial  cells  lining  the  pulp  sinuses;  many 
of  the  phagocytes  contain  erythrocytes.  Dudgeon  and  Meek1  found  poly- 
morphonuclear phagocytes  present  in  varying  numbers,  from  four  per 
cent,  (typhoid)  to  forty  per  cent,  (bronchopneumonia).  Areas  of  focal 
necrosis  are  practically  always  present,  and  in  some  of  these  fibrin  may 
be  demonstrated.  That  the  condition  is  not  always  an  infection  is  shown 
by  the  fact  that  it  can  be  produced  by  abrin,  ricin,  and  by  large  doses  of 
sodium  nitrate.  These  considerations,  with  other  clinical  and  experi- 
mental data  at  hand,  would  lead  us  to  regard  the  change  as  depending 
upon  a toxemia.  That  all  toxic  conditions  do  not  bring  about  the 
change  is  shown  by  its  absence  in  uremia.  There  can  be  no  doubt  that 
such  organs  recover;  the  changes  observed  in  the  splenic  enlargement 
of  typhoid  abundantly  establish  this  fact;  but  the  exact  method  of  repair, 
of  restoration,  and  of  regeneration  is  not  known. 

Chronic  diffuse  splenitis,  chronic  splenic  tumor,  chronic  splenic  indura- 
tion, and  fibroid  spleen  are  names  applied  to  a condition  in  which  the  organ 
is  denser  than  normal,  frequently,  although  not  invariably,  pigmented, 
the  capsule  thickened  and  the  fibrous  tissue  of  the  splenic  substance 
notably  increased.  The  condition  is  seen  particularly  in  malaria,  and 
includes  the  manifestation  called  ague  cake,  described  on  p.  176.  Occa- 
sionally the  splenic  enlargements  associated  with  chronic  infectious 
diseases,  particularly  syphilis  and  tuberculosis,  possess  some  features 
of  the  typical  fibroid  spleen.  Chronic  congestion  of  the  spleen  due 
to  circulatory  deficiency,  as  in  cardiac  and  pulmonary  disease  with 
venous  retardation,  cirrhosis  of  the  liver,  and  thrombosis  of  the  splenic 
vein,  frequently  gives  rise  to  more  or  less  fibroid  change  in  the 
organ.  Prolapsed  spleens  contain  an  excess  of  fibrous  tissue.  The 
gross  appearance  of  the  organ  is  largely  determined  by  the  presence  or 
absence  of  pigmentation  and  the  extent  and  duration  of  any  associated 
congestion.  When  pigmented,  the  spleen  may  be  brownish,  slate-colored, 
or  gray;  congestion  also  renders  the  organ  dark.  Typical  fibroid  spleens 
are  sometimes  pale,  particularly  when  pigmentation  and  congestion  are 
absent.  The  consistency  is  always  increased,  the  organ  resists  incision, 
and  is  perceptibly  firmer  than  normal,  sometimes  quite  hard.  Histolog- 
ically the  most  noteworthy  change  is  the  marked  increase  in  fibrous  tissue, 
which  may  be  conspicuous  even  within  the  Malpighian  bodies.  The  en- 
dothelial cells  are  often  prominent  and  usually  pigmented.  From  the 
thickened  capsule  the  broadened  fibrous  septa  and  coarser  trabeculae 
may  often  be  traced  to  the  hilum  of  the  organ.  In  some  cases  the  hyper- 

1 Proceed.  Royal  Soc.  Medicine,  April,  1909. 
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plasia  involves  both  pulp  and  reticulum.  These  organs  are  usually 
softer. 

Local  splenic  fibrosis  develops  in  areas  of  past  infarcts,  in  the  neigh- 
borhood of  old  abscesses  and  cysts,  and  around  gummata  and  chronic 
tuberculomata  of  the  organ.  It  is  possible  that  some  splenic  scars  are 
due  to  the  cicatrization  of  necrotic  areas  which  maybe  of  traumatic  origin. 
Poscharissky’s1  circumscribed  fibrous  induration  of  the  spleen  is  evidently 
a nodular  sclerosis  of  this  type. 

Perisplenitis. — In  general  peritoneal  inflammation  the  serous  cover- 
ing of  the  spleen  is,  of  course,  involved.  By  extension  of  inflammation 
from  some  adjacent  tissue  or  viscus — such  as  the  stomach  in  chronic 
ulcerative  processes,  the  diaphragm  in  pleurisy  of  the  left  side,  peri- 
nephric inflammations,  and  chronic  colitis  involving  the  splenic  flexure 
of  the  colon — the  capsule  of  the  spleen  may  become  inflamed  and  thick- 
ened, and  may  form  adhesions.  Rarely  is  this  observed  as  an  acute 
process,  but,  rather,  the  results  are  seen  postmortem.  The  whole  of  the 
capsule  may  be  involved  ( capsular  fibrosis ),  or  only  a small  area,  cir- 
cumscribed capsulitis;  the  past  inflammation  is  marked  by  a layer  of 
formative  tissue  from  2 mm.  to  10  mm.  in  thickness,  rarely  thicker, 
and  usually  adherent  to  some  adjacent  structure — diaphragm,  colon, 
stomach,  or  abdominal  wall.  On  external  examination  the  white  area, 
if  small,  may  resemble  the  scar  of  a past  infarct;  but  on  section  its  purely 
capsular  relation  becomes  apparent.  Sometimes  the  newly  formed 
fibrous  tissue  is  piled  up  in  layers,  constituting  the  so-called  lamellar  or 
corneal  fibroma  of  the  spleen.  In  rare  instances  the  new  tissue  is  carti- 
laginous. Sometimes  the  capsular  inflammation  and  its  associated 
thickening  extend  along  the  fibrous  septa  downward  into  the  spleen. 
When  the  capsulitis  has  been  uniformly  disseminated  over  the  whole 
organ,  the  mass,  before  section,  may  not  resemble  the  spleen:  during 
operation  it  has  been  mistaken  for  a tumor;  its  position,  relations,  and 
attachments  during  life  should  prevent  such  an  error,  and  an  incision 
postmortem  quickly  exposes  the  characteristic  splenic  parenchyma.  It 
is  possible  that  the  uniformly  thickened  capsule  might,  by  contraction, 
lead  to  atrophy  of  the  splenic  structure,  but  it  is  not  known  that  such  a 
process  ever  occurs  to  a sufficient  extent  to  involve  the  function  of  the 
organ. 

In  cirrhosis  of  the  liver  with  obstructed  portal  circulation,  in  pro- 
lapsed and  wandering  spleens,  in  cardiac  or  pulmonary  disease  associated 
with  venous  engorgement,  and  during  or  after  thrombosis  of  the  splenic 
vein,  more  or  less  passive  congestion  of  the  spleen  occurs.  The  organ 
becomes  large,  soft,  sometimes  semifluctuating,  and  nearly  always  dark  in 
color;  later,  it  may  be  more  fibroid  and  much  denser.  The  condition  is 
analogous  to  the  changes  in  the  cyanotic  kidney.  There  is  usually  a 
decided  increase  in  the  fibrous  tissue,  distended  blood-vessels,  edematous 
and  rather  fluid  pulp,  and  considerable  pigmentation. 

Hemorrhage  into  the  splenic  pulp  occurs  in  nearly  all  infections 
that  prove  fatal,  and  is,  therefore,  usually  demonstrable  in  any  spleen 
showing  engorgement  of  the  kind  described  on  page  430.  As  a result 
of  injury  during  delivery,  and  sometimes  in  the  infections  that  follow, 
splenic  hemorrhage  is  seen.  It  also  occurs  in  the  new-born  as  a mani- 
festation of  congenital  syphilis.  The  hemorrhage  may  be  diffuse  or 
focal.  Focal  hemorrhages  are  commonly  multiple,  and  vary  in  size 

1 Virch.  Arch.,  Bd.  cxcviii,  H.  2,  Nov.,  1909,  p.  325. 
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from  i mm.  or  2 mm.  to  accumulations  as  large  as  an  orange.  Little  is 
known  of  the  changes  that  take  place  in  areas  of  hemorrhage  occurring 
in  patients  who  recover.  It  is  probable  that  the  blood  is  absorbed, 
and  that  more  or  less  fibrous  tissue  results.  Marked  increase  in  the 
contained  pigment  is  practically  always  present,  but  is  usually  not 
sufficiently  circumscribed  to  identify  the  area  positively. 

Splenic  Infarction. — In  no  organ  more  clearly  than  in  the  spleen 
are  to  be  seen  the  results  of  lodged  emboli.  The  vessels  to  the  spleen 
are  characteristically  terminal,  and  their  distribution  and  ending  in  the 
splenic  pulp  are  such  that  no  embolus  is  likely  to  traverse  the  organ 
without  being  arrested.  Simple  emboli  induce  infarcts,  distinctly  conoid 
or  irregular;  on  section,  wedge-shaped;  in  the  early  stages  of  the  process, 
the  capsule  is  elevated;  the  color  is  purplish  (hemorrhagic  infarcts) , black, 
or  of  a combined  tint;  they  may  be  soft  at  first,  later  firm,  and,  again,  after 
coagulation  has  terminated  in  liquefaction  necrosis,  soft,  semifluid,  or 
even  cystic  in  consistency.1  Later,  if  not  too  large,  organization  and 
cicatricial  tissue  formation  convert  the  mass  into  a pale  and  eventually 
white  cone  of  scar  tissue  extending  more  or  less  deeply  into  the  paren- 
chyma of  the  organ;  sometimes  such  a scar  extends  to  the  hilum,  almost 
dividing  the  organ  into  two  parts.  In  other  cases  the  infarct  contains 
but  little  blood;  it  does  not  become  purplish  or  black,  as  in  the  foregoing, 
but  is  of  a light  pink,  pinkish-white,  or  whitish  hue,  and  hence  is  called 
anemic  or  white  infarct.2  There  is  the  same  coagulation  necrosis,  followed 
by  liquefaction  necrosis,  and  probably  the  result  is  the  same  as  in  hemor- 
rhagic infarcts.  The  number  of  infarcts  may  be  so  great  as  to  preclude 
counting;  as  a rule,  more  than  one  are  present.  While  usually  on  the 
surface,  they  are  not  always  superficial,  and,  while  most  frequently  the 
area  involved  is  cone-shaped,  the  blending  of  a number  of  infarcts 
may  offer  so  misleading  a picture  as  to  require  careful  study  for  positive 
identification. 

Infected  emboli  quickly  produce  an  entirely  different  picture.  Prob- 
ably, in  the  early  development  of  the  infarct,  the  appearance  is  the  same; 
soon,  however,  the  area  involved  is  converted  into  an  abscess,  and  as 
such  abscesses  are  usually  multiple,  the  spleen  becomes  studded  with 
small  pus  cavities,  or  may  show,  by  confluence,  one  or  more  of  much 
larger  size.  It  is  well  to  remember  that  the  soft,  juicy,  splenic  pulp, 
with  its  open-mouthed  blood-vessels,  may  contain  a pus  in  which  leuko- 
cytes, necrotic  tissue,  and  extravasated  blood  are  so  commingled  that 
the  resulting  substance  lacks  the  macroscopic  appearance  of  pus. 

Splenic  abscess3  may  also  arise  from  direct  injury  of  the  spleen  and 
from  extension  of  suppurative  processes  from  adjacent  organs,  such  as 
perforating  ulcer  of  the  stomach,  and  at  times  without  any  discernible 
cause.  The  occurrence  of  splenic  abscess  in  typhoid  fever  and  other 
acute  processes  must  be  looked  upon  as  resulting  from  pyogenic  infec- 
tion of  an  area  of  necrosis,  itself  caused  by  the  activity  of  toxins  circu- 
lating in  the  blood.  It  is  admitted,  of  course,  that  the  typhoid  bacillus 
might  possibly  induce  suppuration  without  the  presence  of  pyogenic  cocci. 
Actinomycotic  and  gummatous  lesions  occasionally  suppurate.  Splenic 
abscess  may  be  preceded  by  malaria;  Anderson4  states  that  in  77,949 

1 See  Fig.  127,  p.  276. 

2 See  Infarction,  p.  274. 

3 Pince,  These  de  Paris,  1903;  Stavely,  Annals  of  Surgery,  June,  1903,  p.  866; 
Spear,  Jour.  Amer.  Med.  Assoc.,  Aug.  1,  1903,  p.  304. 

4 Indian  Med.  Gazette,  June,  1906. 
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cases  of  malaria,  splenic  abscess  was  recognized  twice.  Splenic  suppura- 
tion may  follow  pelvic  or  appendicular  abscess.  Abscess  of  the  spleen  may 
be  single  or  multiple.  Embolic  abscesses  are  usually,  although  by  no 
means  always,  multiple.  Abscesses  resulting  from  trauma  and  from 
direct  invasion  of  the  splenic  tissues  are  commonly  solitary.  An  abscess 
may  be  superficial  or  deep;  its  shape  is  largely  dependent  upon  the  cause; 
embolic  abscesses  are  usually  more  or  less  irregularly  conic,  and  trau- 
matic abscesses  are  commonly  ovoid  or  spheric.  The  pus  from  splenic 
abscess  is  usually  dirty-red  or  chocolate  color  and  frequently  contains 
shreds  or  necrotic  masses  of  splenic  tissue.  When  the  suppurative  lesion 
approaches  the  surface,  a perisplenitis  results.  This  may  attach  the 
spleen  to  the  abdominal  wall  or  to  one  of  the  hollow  viscera.  An  abscess 
may  rupture  into  the  peritoneal  cavity,  into  some  adjacent  hollow  viscus, 
or,  where  the  process  is  limited,  inspissation  and  encapsulation  occasionally 
occur. 

Thrombosis  of  the  splenic  vein,  while  rare,  may  occur,  giving  rise  to 
edema  and  distention  of  the  organ  resembling  the  congested  spleen; 
there  is  commonly  more  edema,  and,  as  the  process  is  usually  acute,  less 
fibrous  tissue  is  present.  The  thrombus  may  be  an  extension  backward 
from  the  portal  vein,  or,  arising  in  the  splenic  vein,  may  be  propagated  into 
the  portal. 

Gangrene  of  the  Spleen. — The  wandering  spleen  may,  by  twisting  its 
pedicle,  cut  off  the  blood  supply  and  blood  exit;  the  poisons  produced 
by  the  disorganization  of  the  splenic  tissue  favor  the  migration  of  bacteria 
from  the  adjacent  alimentary  canal,  and,  by  this  infection,  the  dissolution 
of  the  organ  terminates  in  gangrene.  The  author  has  known  two  cases, 
undiagnosticated  during  life,  and  both  found  with  evident  infection  post- 
mortem. Gangrene  of  the  spleen  may  also  follow  embolism,  thrombosis 
of  the  splenic  vein,  pressure  by  neoplasms  or  penetration  of  the  organ  by 
necrosing  processes  begun  in  some  contiguous  tissue. 

The  term  splenomegaly1  has  been  applied  to  a number  of  conditions 
having  in  common  a splenic  enlargement  not  associated  with  a recogniz- 
able type  of  infectious  disease,  and  not  including  the  enlarged  spleens 
of  leukemia  or  the  familiar  form  of  Hodgkin’s  disease.  Those  cases  in 
which  the  enlargement  is  accompanied  by  anemia  have  been  called 
splenic  anemia ; in  these  the  organ  is  conspicuously  enlarged,  the  fibrous 
tissue  somewhat  increased,  and  there  is  marked  endothelial  hyperplasia. 
Herzog  suggests  that  the  proliferating  endothelial  cell  secretes  some 
erythrolytic  substance  through  the  activity  of  which  the  red  blood-cell 
destruction  is  accomplished.  An  interesting  feature  of  these  cases  is 
the  prompt  recovery  following  splenectomy.  In  another  group  of  cases 

1 Banti,  Rif.  Med.,  March  i and  5,  1901;  Muir,  Jour,  of  Path,  and  Bact.,  Feb., 
1901;  Herzog,  Chicago  Path.  Soc.,  March  11,  1901;  Rolleston  and  Jones,  Chir. 
Soc.  of  London,  Feb.  28,  1902;  Azzurrini,  Lo  Sperimentale,  1902,  Nos.  v,  vi; 
Emile-Weil  and  Clerc,  Arch.  Gen.  de  Med.,  Nov.,  1902.  Osier  and  others,  discussion 
Brit.  Med.  Jour.,  Oct.  17,  1906;  Carpenter,  Brit.  Med.  Jour.,  August  29,  1903, 
p.  463;  Quenu  and  Duval,  Revue  de  Chir.,  Oct.  10,  1903,  p.  444;  Borissowa, 
Virch.  Arch.,  1903,  Bd.  clxxii;  Turk,  Wien.  klin.  Woch.,  Feb.  ix,  1904,  p.  153,  and 
Feb.  18,  1904,  p.  189;  Gilbert  and  Lereboullet,  Soc.  de  Biol.,  Nov.  12,  1904,  and 
Rev.  de  Med.,  1904,  T.  24,  p.  893;  Weintraud,  Zeit.  f.  klin.  Med.,  vol.  lv;  Brill, 
Mandlebaum  and  Libman,  Amer.  Jour,  of  Med.  Sci.,  June,  1909;  Woolley,  Philip- 
pine Jour,  of  Sci.,  June,  1906;  Danvers,  These  de  Paris,  1907;  Oettinger  and 
Fiessinger,  Rev.  de  Med.,  December  10,  1907;  Simonds,  Jour,  of  Infect.  Dis., 
Jan.  30,  1908,  p.  23;  Donhauser,  Jour.  Exper.  Med.,  vol.  x,  No.  4,  July,  1908, 
p.  559;  Luce,  Med.  Klinik,  April  10,  1910,  vi. 
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the  spleen  is  enlarged  and  may  weigh  3 kilos;  the  lowest  weight  recorded 
is  over  600  gm.,  and  the  average  of  the  reported  cases  over  1500  gm. ; 
sooner  or  later  the  condition  is  followed  by  cirrhosis  of  the  liver.  The 
affection  is  called  Banff’s  disease,  after  its  discoverer.  By  some  observers 
the  splenic  enlargement  that  follows  hepatic  cirrhosis  is  classed  with 
splenomegaly.  According  to  Azzurrini,  the  changes  in  the  organ  are 
identical  with  those  resulting  from  other  forms  of  stasis  affecting  the 
spleen.  The  veins  and  sinuses  are  dilated,  the  follicles  wasted,  and  the 
erythrocyte  content  of  the  organ  is  enormously  increased.  Under  the 
name  of  primitive  splenomegaly  or  primary  epithelioma  of  the  spleen  has 
been  described  a condition  in  which  the  organ  is  markedly  enlarged,  firm, 
and  contains  white  or  yellowish-white  areas  resulting  from  hyperplasia 
of  the  endothelial  cells  and  some  increase  in  the  fibrous  tissue.  The  term 
epithelioma,  sometimes  applied,  is  misleading,  and  should  be  replaced 
by  endothelial  hyperplasia;  as  the  evidence  of  tumor  formation  is  not 
convincing,  the  name  endothelioma  is  also  objectionable.  In  still  another 
group  of  cases  the  splenic  enlargement  is  associated  with  polycythemia 
and  proportionate  increase  in  the  hemoglobin — a condition  to  which 
reference  is  made  on  page  403.  In  this  condition  there  is  marked  hyper- 
plasia of  the  pulp  and  endothelial  cells,  and,  like  the  other  forms  of  spleno- 
megaly, is  not  explained  by  any  facts  with  which  w.e  are  at  present  familiar. 
In  still  another  group  of  cases  the  splenic  enlargement  is  clearly  of  a 
neoplastic  type  with  definite  tumor  formation  in  the  parenchyma  of  the 
organ.  These  cases  should  not  be  included  with  the  forms  just  mentioned. 

Leukemia  and  Pseudoleukemia. — In  these  diseases  the  spleen  is  often 
much  enlarged,  pale  or  bright  red,  with  tense  capsule,  and  not  uncommonly 
with  adhesions  to  the  adjacent  organs.  The  largest  spleens  are  found 
in  myelogenous  leukemia,  in  which  disease  the  weight  of  the  organ  may 
approach  8 or  9 kilos.  Accessory  spleens  usually  show  enlargement. 
The  density  of  the  organ  seems  to  be  dependent  more  upon  the  duration 
of  the  process  than  upon  the  kind  of  leukemia.  Infarcts  are  frequently 
present,  and  are  often  of  different  ages.  In  some  cases  the  Malpighian 
bodies  stand  out  as  lightly  colored  nodules  on  the  incised  surface,  so  clearly 
enlarged  as  to  be  most  prominent  features;  in  other  cases  the  cut  sur- 
face is  uniform.  Under  the  microscope  the  hyperplasia  seems  to  involve 
the  entire  splenic  parenchyma  as  a lymphoid  cellular  growth,  either 
shown,  as  previously  indicated,  by  overgrowth  of  the  Malpighian  bodies 
and  pulp,  the  former  in  excess,  or  of  both  structures  without  apparent 
differentiation.  In  leukemia  the  splenic  enlargement  may  be  largely  due 
to  the  intercalation  of  leukocytes,  the  added  white  cells  being  of  the  same 
kind  as  those  found  in  excess  in  the  blood.  In  other  cases  the  spleen 
contains  definite  tumor-like  masses,  sometimes  called  lymphoid  growths. 
Such  tumors  vary  in  size  from  purely  microscopic  bodies  to  nodes  2 or 
3 cm.  in  diameter;  they  sometimes  project  on  the  surface  of  the  spleen. 
(For  blood  condition  in  leukemia  and  pseudoleukemia  see  pp.  420  and 
424,  and  table  on  pp.  418  and  419.) 

Rupture  of  the  Spleen.1 — As  a result  of  violence — either  directly  ap- 
plied, as  by  a blow  or  fall,  or  transmitted  by  the  sudden  arrest  of 
the  body,  as  in  falling  from  a height — the  spleen  may  rupture;  when  en- 
larged, the  most  trifling  accident  may  be  followed  by  laceration,  and, 

• 

1 Neck,  Munch.  Med.  Woch.,  March  14,  1905,  p.  912;  Bryan,  Annals  of  Surgery, 
Nov.,  1909,  p.  857;  Caplesco,  Rev.  de  Chir.,  Jan.  xo,  1909,  p.  181;  Battle,  Brit. 
Med.  Jour.,  May  28,  1910,  p.  1291. 
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when  intensely  engorged  or  softened,  as  in  infectious  diseases,  and  in 
malaria,  rupture  may  occur  without  recognizable  trauma — so-called  spon- 
taneous rupture.  The  resulting  hemorrhage  is  likely  to  be  severe,  but 
is  not  invariably  fatal,  and  in  rare  instances,  with  small  stellate  tears, 
a clot  may  form  and  the  organ  may  undergo  repair  by  the  subsequent 
formation  of  cicatricial  tissue.  Rupture  may  occur  in  areas  of  septic 
infarction,  splenic  abscesses,  and  cysts.  In  addition  to  true  rupture, 
which  necessarily  involves  the  capsule,  interstitial  or  subscapular  lacera- 
tions of  the  spleen  are  occasionally  observed;  these  may  be  attended  by 
circumscribed  or  diffuse  hemorrhages  into  the  parenchyma  and  consequent 
areas  of  necrosis,  and  are  sometimes  followed  by  cyst  formation — so-called 
metaclastic  cysts  of  the  spleen;  some  writers  include  with  these  the 
loculated  parasplenic  hemorrhages  that  sometimes  result  from  injury  of 
the  organ.  According  to  Brunswic-le-Bihan,1  the  metaclastic  cysts  may 
contain  eight  to  ten  liters  of  greenish,  sterile  fluid  abounding  in  leukocytes 
and  normal  and  altered  erythrocytes. 


Fig.  208. 

Spleen.  Child  Aged  Two  Years.  Subacute  Miliary  Tuberculosis.  (Two-thirds  natural  size.) 

The  appearance  in  this  case  strongly  indicated  that  all  the  tubercles  were  not  of  the  same  age. 

A.  Older  distinctly  caseous  conglomerate  tubercles.  B.  Two  recent  miliary  tubercles.  C to  D.  Dia- 
phragm through  which  relatively  large  caseous  conglomerate  tubercles  can  be  seen. 


Tuberculosis  of  the  Spleen.2 — According  to  Auche,  there  are  ten  recorded 
cases  of  primary  splenic  tuberculosis;  in  nine  of  these  the  lesions  were 
chronic,  caseous,  fibrocaseous,  or  calcareous  in  type.  Secondary  tuber- 
culosis of  the  spleen  may  be  acute  or  chronic.  In  acute  general  miliary 
tuberculosis  there  is  practically  always  an  almost  uniform  invasion  of  the 
splenic  tissues  with  typical  miliary  tubercles  located  near  the  arteries, 
in  the  pulp,  in  the  Malpighian  bodies,  or  even  in  the  capsule  of  the  organ. 
In  chronic  tuberculosis  of  the  spleen  the  organ  contains  one  or  more,  rarely 
many,  caseous  or  caseocalcareous  areas  5 mm.  to  5 cm.  in  diameter  and 
often  encapsulated.  The  smaller  nodules  may  be  completely  cretaceous, 
constituting  one  form  of  the  so-called  splenic  calculus. 

Syphilis  of  the  spleen  occurs  in  two  forms — congenital  and  acquired. 
The  congenital  type  may  be  manifested  in  one  of  two  ways:  (1)  Diffuse 
splenic  fibrosis  with  some  enlargement,  which,  however,  is  not  usually 
marked,  although  Ziegler  records  an  instance  in  which  the  enlarged 
spleen  weighed  100  gm.  at  birth;  according  to  Marfan,  the  most  constant 

1 Revue  de  Chir.,  Nov.  10,  1904,  p.  648. 

2 Bloch,  These  de  Paris,  1907;  Kawamura,  Virch.  Arch.,  Dec.,  1909,  Bd.cxcviii 
H.  3,  p.  501;  Strehl,  Arch.  f.  klin.  Chir.,  1909,  lxxxviii,  3. 
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lesion  of  hereditary  syphilis  is  enlargement  of  the  spleen.  (2)  In  other 
cases  true  gummata  are  found.  The  splenic  lesions  of  acquired  syphilis 
vary  with  the  stage  of  the  disease  during  which  the  organ  is  involved. 
In  the  earlier  stages  of  syphilis  the  spleen  may  participate  in  the  hyper- 
plasia found  in  a number  of  the  blood-making  organs,  especially  the 
lymphoid  tissue;  in  the  late  secondary  or  early  tertiary  period  a diffuse 
fibrosis  is  not  infrequently  present;  later,  the  characteristic  lesion  of 
tertiary  syphilis — the  gumma — is  occasionally  seen.  Commonly,  the 
lesion  is  solitary,  but  in  very  rare  cases  two  or  more  gummata  may  be 
found.  The  size  varies  greatly;  the  mass  is  spheric  or  oval,  of  a pearly- 


Fig.  209. 

Spleen.  Quiescent  Caseous  Tuberculosis;  Advanced  Encapsulation  of  Caseous  Masses. 

A.  Capsule  of  Spleen.  B B.  Fibroelastic  capsule  of  necrotic  area.  C.  Area  of  caseation  necrosis. 

D.  Thrombosed  vessel. 


white  or  grayish-white  color,  and  is  sometimes  translucent,  particularly 
at  the  margin.  Like  chronic  tuberculosis,  the  masses  are  sharply  de- 
fined at  their  margins,  but,  unlike  the  tuberculous  nodule,  caseation  is 
not  a characteristic. 

Leprosy  of  the  spleen  manifests  itself  by  the  occurrence  of  nodules 
of  granulation  tissue  containing  lepra  cells  loaded  with  the  bacilli  in 
quite  characteristic  clusters. 

Actinomycosis  of  the  spleen  occasionally  occurs;  with  the  development 
of  the  actinomycotic  node,  suppuration  usually  ensues,  engendering  an 
actinomycotic  abscess  of  the  organ. 

Tumors  of  the  Spleen. — Splenic  tumors  are  not  common.  The  primary 
tumors  in  an  otherwise  normal  spleen  are,  of  course,  connective-tissue 
neoplasms;  of  the  adult  or  typical  series,  osteoma,  fibroma,  and 
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lymphangioma  are  occasionally  observed;  cavernous  hemangiomata, 
which  may  be  multiple,  are  sometimes  encountered.1  Among  over  700 
splenectomies  twenty-two  were  for  sarcoma2  and  three  for  carcinoma. 
Grohe,  Borst,  and  also  Adolph  recognize  (1)  a generalized  lymphosarcoma- 
tosis  involving  spleen  and  lymph-nodes,  but  without  definite  primary 
growth,  and  (2)  lymphosarcoma  primary  in  spleen  or  lymph-nodes  with 
metastasis  especially  to  other  lymphatic  structures.  Both  forms  re- 
semble Hodgkin’s  disease.  Secondary  tumors  are  more  frequent  than 
the  primary  growths,  and  as  sarcoma  travels  by  the  blood-stream  more 
frequently  than  carcinoma,  it  is  the  usual  secondary  neoplasm  of  the 
spleen. 

Cysts3  of  the  Spleen.— Cysts  are  found  in  the  spleen  oftener  than  are 
primary  neoplasms.  They  may  result  from  necrosis  and  encapsulation  of 
massive  infarcts,  or  from  areas  of  necrosis  due  to  injury,4  which,  by 
reason  of  their  size,  have  failed  to  organize  and  have  not  been  absorbed. 
Some  splenic  cysts  are  lymphangiomata.  The  usual  cyst  is,  however,  of 
parasitic  origin  (hydatid),  and  may  attain  considerable  size;  rarely,  the 
parasitic  cysts  of  the  spleen  are  multiple. 

1 Pumpelly,  Med.  Record,  Jan.  9,  1904,  p.  51,  and  Thiele,  Virchow’s  Archiv., 
Nov.  3,  1904,  p.  296. 

2 Mary  Almira  Smith,  Annals  of  Surgery,  Jan.,  1908,  p.  53;  Adolph,  Berliner, 
Klinik,  April,  1905. 

3 Warot,  These  de  Lyon,  1905;  Deremaux,  These  de  Lille,  1906-07;  Johnston, 
Surgery,  Gynecology,  and  Obstetrics,  June,  1908,  p.  615;  Landelius,  Nordiskt  med. 
Arkiv.,  xli. 

4 See  Rupture  of  Spleen. 
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LYMPH-NODES.1 

The  lymph-glands  or,  more  appropriately,  the  lymph-nodes,2  are 
structurally  composed  of  a peculiar  form  of  cell  which,  when  massed  to- 
gether, constitute  lymphoid  tissue;  these,  in  the  node,  are  retained  in  place 
by  a connective-tissue  reticulum.  The  lymph-node  lies  loosely  in  the 
connective  tissues,  and,  in  addition  to  its  blood-supply,  receives  through 
its  capsule  the  afferent  lymph-vessels,  draining  lymph  from  the  area  be- 
yond; after  passing  through  the  node  the  lymph  finds  its  exit  by  way  of 
the  efferent  vessel,  eventually  reaching  the  blood  through  the  vein  into 
which  the  lymph-vessel  empties.  The  capsule  of  the  node  is  composed 
of  fibrous  tissue,  with  some  unstriped  muscle-fibers;  from  the  capsule 
run  septa  that  converge  at  the  hilum,  dividing  the  node  into  follicles. 
Each  follicle  is  made  up  of  a reticulum,  scaffolding,  or  sponge-like  net- 
work of  connective  tissue,  in  the  spaces  of  which  are  lodged  the  lymphoid 
cells;  toward  the  periphery  of  the  ovoid  follicle  the  lymphoid  cells  are 
smaller  than  in  the  center,  in  which  many  of  the  larger  form  show  active 
karyokinesis.  The  lymph,  in  passing  through  the  node,  is  in  intimate 
contact  with  the  cells  of  the  parenchyma,  and  in  this  way  is  probably 
altered  in  composition  and  cellular  contents;  at  the  same  time  the  node 
structure  is  exposed  to  whatever  deleterious  influences  the  lymph,  in  its 
return  to  the  circulation,  may  bring.  It  will  thus  appear  that  the  nodes 
may  be  influenced  by  the  blood  brought  to  them  and  by  the  lymph 
of  the  area  drained.  That  lymph-nodes  are  important  structures  of  vast 
functional  capacity  is  indicated  by  the  fact  that  the  body  contains 
approximately  eight  hundred.  Their  distribution  is  significant  in  that 
provision  seems  to  have  been  made  for  their  presence  in  areas  through 
which  infection  might  occur,  for  example,  the  abdomen  in  relation  to  the 
alimentary  organs,  the  thorax  in  connection  with  the  lungs,  and  the  neck, 
which  contains  about  three  hundred  anatomically  so  situated  as  to  block 
infections  arising  in  the  mouth,  nasopharynx  and  trachea,  and  about  the 
face. 

The  hemolymph-nodes3  occupy  a histologic  and  probably  a functional 
position  intermediate  between  the  ordinary  lymph-nodes  and  the  spleen. 
Our  knowledge  concerning  these  structures  is  a comparatively  recent 
acquisition,  and  we  are  as  yet  unfamiliar  with  many  phases  of  their 

1 The  examination  of  the  lymph-nodes  during  a postmortem  is  regional;  that 
is,  the  glands  of  an  area  are  examined  with  other  organs  of  the  region,  so  that  the 
consideration  of  their  special  pathology  at  this  point,  near  the  spleen,  is  due  to  the 
intimate  association  of  their  lesions  with  those  of  the  spleen  rather  than  to  any 
special  property  of  considering  them  at  this  time. 

2For  recent  study  of  the  histology  of  lymph-nodes,  see  Bunting,  Jour,  of  Anat. 
and  Physiol.,  1905,  vol.  xxxix,  Part  III. 

3 Warthin,  Proceed.  Path.  Soc.  of  Phila.,  Dec.,  1903,  n.  s.,  vol.  vi,  No.  10,  p.  12; 
Trans.  Assoc.  Amer.  Physicians,  xxiv,  1909;  Dayton,  Amer.  Jour,  of  Med.  Sci., 
March.  1904,  p.  448;  Lewis,  Jour.  Anat.  and  Physiol.,  1904,  vol.  xxxviii,  Part  III. 

439 


440 


SPECIAL  PATHOLOGY. 


pathology.  Warthin  has  shown  that  they  increase  in  size  and  that  new 
nodes  are  developed  after  splenectomy.  In  pernicious  anemia  the  blood- 
sinuses  dilate  and  the  endothelial  cells  engulf  erythrocytes  and  frequently 
become  pigmented;  in  some  cases  these  structures  show  a marked 
hyperplasia. 

Lymphoid  Atrophy. — In  the  old  this  process  is  normal.  It  may  be 
a metaplasia,  the  node  being  more  or  less  replaced  by  adipose  tissue. 
Such  nodes  are  usually  firmer  and  paler  than  normal,  but  may  be  pig- 
mented and  dark. 

Pigmentary  Infiltration. — Whatever  pigment  the  lymph  may  find 
in  the  tissue  of  the  area  drained  is  brought  to  the  node,  and  may  be  de- 
posited (p.  224).  Thus,  in  the  removal  of  blood  extravasated  into  the 
connective  tissue,  the  coloring-matter  gathered  by  migrating  cells  is 
brought  to  the  node  by  the  afferent  vessels  and  deposited.  In  anthracosis 
— indeed,  in  all  forms  of  pneumoconiosis — the  pigment  from  the  lung 
is  carried  to  the  adjacent  lymph-nodes,  where  it  may  be  deposited  in 
such  quantities  as  to  render  the  structure  brown,  gray,  slate-colored, 
or  even  black.  Some  of  the  infiltrated  material,  as  certain  calcium 
salts,  may  be  removed;  other  solid  or  insoluble  bodies  may  remain  as  a 
permanent  part  of  the  node.  The  infiltrated  material  may  induce  a 
chronic  indurative  inflammation  and  the  production  of  fibrous  tissue, 
thus  rendering  the  node  firmer,  larger,  and  less  efficient  in  physiologic 
activity  than  normal.  Whether  or  not  normal  lymph-nodes  are  likely 
to  be  invaded  by  calcareous  matter  cannot  be  definitely  settled,  but 
certainly  an  inflamed  or  infected  gland  is  exceedingly  subject  to  the  de- 
posit of  lime  in  its  interior.  Bone  is  sometimes  found  in  lymph-nodes1 
and  in  the  tonsils;  in  the  latter  structures  Ruckert  believes  that  the  change 
results  from  inclusion  of  fetal  cartilage  during  development.  The  bone 
found  in  the  lymph-nodes  may  be  due  to  a true  metaplasia  of  the  con- 
nective tissues,  but  is  usually  associated  with  tuberculosis  of  the  affected 
structures.  It  may  be  superficial  (capsular)  or  interstitial. 

Lardaceous  disease  affects  lymph-nodes  as  it  does  other  tissues  of 
the  body.  At  times  it  would  seem  that  there  may  be  lardaceous  de- 
posits in  the  nodes  of  an  area  without  manifest  general  deposition  in  other 
tissues.  This  is  said  to  arise  as  a result  of  the  lymph  bringing  to  the 
node  a material,  or  irritant,  which  leads  to  the  change,  and  which,  being 
arrested  in  the  node  involved,  permits  the  other  tissues  to  escape.  (See 
Amyloid  Disease,  p.  219.) 

Of  the  degenerative  changes  in  lymph-nodes  but  little  can  be  said. 
They  are  usually  due  to  irritants  brought  to  the  nodes,  and  occupy 
positions  of  secondary  importance.  It  would  seem,  however,  that  hyaline 
degeneration,  and  possibly  colloid  change,  may  occur  in  lymph-nodes 
without  any  apparent  or  discoverable  antecedent  disease.  Both  affect 
the  vessels  and  reticulum  and  are  rarely  marked. 

Infections  of  Lymph-nodes. — These  structures,  probably  more  than 
any  other  tissue,  possess  a remarkable  susceptibility  to  the  influence 
of  bacteria  or  their  toxic  products.  There  is  hardly  a known  infection, 
from  bubonic  plague,  which  seems  to  explode  its  virulence  on  the  lymph- 
nodes,  to  the  most  chronic  infection,  such  as  leprosy,  which  does  not 
either  directly  or  indirectly  modify  the  structure  and  function  of  the 

1 Lubarsch,  Virchows  Arch.,  1904,  Bd.  clxxvii,  p.  3 7 1 ; Ruckert,  ibid.,  387.  Both 
articles  also  deal  with  a similar  change  in  the  tonsils. 
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lymphoid  tissues.  Edsall1  has  shown  that  even  in  typhoid  fever  the 
lymph-nodes  of  the  axilla,  neck,  or  groin  are  occasionally  perceptibly 
enlarged.  The  change  in  most  cases  is  an  inflammation,2  a lymphadenitis , 
which  may  extend  to  the  tissues  around  and  give  rise  to  a perilymph- 
adenitis.  As  to  time,  the  process  may  be  fulminatingly  acute,  or  may 
extend  over  months  or  even  years. 

In  the  lymphadenitis  arising  from  the  ordinary  infections,  such  as 
those  produced  by  the  pyogenic  bacteria,  the  appearance  of  the  node  is 
more  or  less  modified  according  to  the  stage  of  the  disease.  At  first  it  is 
swollen,  tense,  and  tender,  and  the  obstruction  to  the  passage  of  fluid 
through  the  node  may  be  evinced  by  a surrounding  or  overlying  edema, 
or  a swelling  in  the  tissues  of  the  area  drained.  On  section,  the  surface 
is  gray,  grayish-white,  or  pink,  or,  rarely,  there  may  be  enough  con- 
tained blood  to  give  the  incised  tissue  a darker  hue.  In  a node  not  previ- 
ously indurated  the  parenchyma  is  soft,  and  may  be  diffluent.  Under 
the  microscope  the  lymph-channels  are  distended  by  leukocytes,  and 
commonly  contain  fibrin;  in  the  follicles  areas  of  coagulation  necrosis, 
containing  fragmented  endothelium  and  leukocytes,  are  usually  con- 
spicuous. Later,  the  necrosis  extends  beyond  the  follicles,  involving 
the  septa,  and  eventually  the  capsule  and  circumglandular  tissues. 
Such  an  inflammatory  and  necrotic  mass  constitutes  a bubo.  Buboes 
are  common  in  the  groin  during  infectious  lesions  of  the  genitalia  and 
superficial  infections  of  the  lower  extremity,  in  the  axilla  from  similar 
lesions  affecting  the  arm,  hand,  or  mamma,  and  in  the  neck  when  the 
initial  process  is  in  the  superficial  tissues  of  the  scalp,  face,  mouth,  or 
pharynx.  One  must  not  forget  possible  unusual  lymphatic  distribution: 
for  example,  cases  in  which  involvement  of  the  supraclavicular  nodes 
follows  disease  of  the  breast,  the  corresponding  axillary  structures  escaping. 

Suppuration  of  the  lymph-nodes  fails  to  occur  in  many  infections, 
particularly  those  in  which  the  infecting  organism  is  not  pyogenic.  In 
these  cases  there  is  necrosis  of  the  lymphoid  tissue,  with  corresponding 
interference  with  function.  Thus,  in  diphtheria  the  toxins  absorbed 
from  the  involved  area  give  rise  to  edema  of  the  lymph-nodes,  coagula- 
tion necrosis,  and  periadenoid  serous  infiltration;  these  changes  probably 
lessen  the  phagocytic,  bactericidal,  or  other  protective  powers  of  the 
lymphoid  tissues  to  such  an  extent  as  to  permit  of  suppuration  should 
pyogenic  bacteria  be  carried  into  the  node.  The  somewhat  dense  capsule 
of  lymph-nodes  permits  the  occurrence  of  a rather  prolonged  intragland- 
ular  inflammation  without  infection  of  the  surrounding  tissue;  such  a 
battle  between  the  invading  organism  and  the  gland-cells  may  terminate 
in  a victory  for  the  latter,  or  in  a drawn  battle,  in  which  case  periadenoid 
induration  and  subsequent  dense  fibrosis,  with  possible  calcareous  change, 
may  so  surround  the  area  of  danger  as  permanently  to  include  it  as  a 
“healed-in”  focus.  It  is  a limitation  of  this  type  that  occurs  in  tuber- 
culosis, and,  though  less  commonly,  in  actinomycosis,  glanders,  and  other 
infections  that  attack  the  lymphoid  tissues. 

The  slow  continuous  or  interrupted  delivery  to  the  lymph-nodes 
of  irritant  bodies,  such  as  may  be  derived  from  some  permanent  area 
of  infection  or  from  dust — as  in  pneumoconiosis  when  solid  particles  are 
being  constantly  brought  to  a node — induces  a more  or  less  subacute 
or  chronic  productive  change,  during  which  new  fibrous  tissue  may  be 

1 Amer  Jour.  Med.  Sci.,  April,  1904,  p.  599. 

2 Councilman,  Jour.  Am.  Med.  Assoc.,  March  30,  1907,  p.  1073. 
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formed  in  and  around  the  node,  constituting  lymphadenitis  chronica 
or  periadenitis  chronica,  or  the  two  lesions  combined. 

Of  the  chronic  infections  occurring  in  lymph  nodes  tuberculosis  and 
syphilis  are  the  most  important,  although  leprosy  may  involve  the 
lymphatics. 

Tuberculous  lymphadenitis,1  the  scrofulous  lymphadenitis  or  scrofula 
of  the  older  writers,  arises  from  invasion  of  the  lymph-nodes  by  the 
bacillus  of  tuberculosis  brought  to  the  gland  by  the  lymph  or  blood. 
That  it  is  usually  lymphogenous  cannot  be  doubted;  but  this  would 
not  account  for  those  occasional  cases,  really  rare,  with  apparently  no  sys- 
tem of  glands  in  the  body  escaping,  and  in  which  affected  tissues  develop 
tuberculosis  at  so  nearly  the  same  time  as  to  preclude  the  belief  that 
the  initial  lesion  was  in  any  one  area.  It  may  be  possible  that  these 
cases  are  general  infections  directly  by  the  blood:  that  is,  tubercle  bacilli 
carried  throughout  the  organism  reached  the  lymph-spaces,  and  from 
these  were  transferred  to  the  lymph-nodes.  Whatever  may  be  the  cause, 
undoubted  cases  of  almost  universal  lymphatic  tuberculosis  occur. 
The  frequent  form  of  the  affection  is  regional  tuberculous  lymphadenitis ; 
in  this  form  the  disease  attacks  some  chain  of  lymph-nodes  in  such  a manner 
as  to  indicate  a fairly  clear  source  or  route  of  infection.  Under  this 
head  come  cervical,  mediastinal,  mesenteric  and  retroperitoneal,  axillary, 
and  inguinal  lymphadenoid  tuberculosis . The  route  of  invasion,  or,  rather, 
the  portal  of  entry,  can  often  be  surmised,  and,  although  rarely,  at  times 
demonstrated.  A mucosa  weakened  by  inflammation  is  usually  the 
vulnerable  tissue  through  which  the  infection  occurs;  thus,  tuberculosis  of 
the  cervical  lymph-nodes  is  observed  to  follow  catarrhal  processes  affecting 
the  nose  or  throat  or  inflammatory  lesions  in  the  mouth.  The  frequency 
of  mesenteric  tuberculosis  in  bottle-fed  children,  in  whom  indigestion  and 
catarrhal  lesions  pave  the  way  for  the  entrance  of  the  bacillus  of  tubercu- 
losis (admittedly  not  an  infrequent  milk  contaminant),  is  largely  ex- 
plained by  admitting  the  increased  permeability  of  an  already  diseased 
mucosa.  The  frequency  of  tuberculosis  of  the  mediastinal  nodes  follow- 
ing influenza  is  similarly  explicable.  As  already  stated,  the  point  of  entry 
of  the  bacillus  can  sometimes  be  more  or  less  accurately  determined. 
Senn  reports  a case  in  which  a nontuberculous  girl  wore  the  earrings  of  a 
tuberculous  sister,  and  later  developed  a local  tuberculous  outbreak.  The 
author  saw  a case  of  axillary  tuberculosis  follow  a wound  made  by  a corset 
steel  on  the  outer  margin  of  the  breast  in  a young  girl  nursing  a sister 
in  an  advanced  stage  of  tuberculosis  of  the  lungs;  the  glands  were  removed 
and  no  further  evidence  of  tuberculosis  has  been  observed. 

Cervical  tuberculous  lymphadenitis  is  clearly  the  result  of  infection 
from  the  oral  and  pharyngeal  cavities.  Halle  found  that  in  3161  children 
with  enlarged  cervical  glands,  2334  had  carious  teeth;  and  of  these, 
1646  corresponded  in  location  with  the  enlarged  glands.  Odenthal, 
among  987  children,  found  decayed  teeth  in  429  ; 424  of  these  had  enlarged 
lymph-nodes.  Halle  demonstrated  that  if  cavities  in  the  teeth  of  dogs  be 

Jailer,  Phila.  Med.  Jour.,  April  5 and  12,  1902;  Mitchell,  Bulletin  of  Johns 
Hopkins  Hospital,  July,  1902;  Carriere,  Zentralbl.  f.  innere  Med.,  July  11,  1903; 
Weill  and  Pehu,  Lyon  Med.,  Aug.  9,  1903,  p.  228;  Hand,  Proc.  Phila.  Path.  Soc.,  March, 
1903,  p.  132;  Westenhoeffer,  Berl.  klin.  Woch.,  1904,  Bd.  xli,  Nos.  7 and  8;  Bartel, 
Wien.  klin.  Woch.,  1905,  No.  7;  Moore,  Jour.  Path,  and  Bact.,  May  and  Aug.,  1899, 
p.  96;  Laura  Forster,  Jour.  Path,  and  Bact.,  October,  1907,  p.  58;  Hess,  Amer. 
jour,  of  Med.  Sci.,  August,  1908;  Joest,  Zeitsch.  f.  Infektionskr.  u.  Hyg.  der  Haus- 
tiere,  Bd.  vii,  H.  1 and  2,  Jan.  12,  1910. 
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packed  with  Prussian  blue  and  cemented,  the  pigment  may,  in  from  two 
to  three  days,  be  present  in  the  nearest  lymph-nodes.  Dieulafoy  and 
others  have  shown  that  tonsils — frequently  without  evidence  of  tuberculosis 
— may  contain  the  bacillus,  and  that  the  organism  often  is  present  in 
adenoids.1  All  observers  are  agreed  that  glandular  infection  of  this  type  is 
a disease  of  childhood  and  adolescence;  Finkelstein  found  it  in  456  cases; 
329  of  the  patients  were  between  ten  and  twenty  years  of  age.  In  Hand’s 
series  of  332  autopsies  on  children,  115  had  tuberculosis;  of  these,  infection 
appeared  to  have  been  primary  in  the  bronchial  glands  in  75,  in  the  mesen- 
teric nodes  in  10,  and  in  the  tonsil  in  1 ; in  the  remainder  it  was  not  possible 
to  say  at  what  point  infection  probably  occurred.  Mitchell  states  that 
a family  history  of  tuberculosis  is  present  in  about  half  the  cases,  and  that 
less  than  five  per  cent,  of  those  affected  present  evidence  of  pulmonary 
involvement. 

Morbid  Anatomy . — The  studies  of  Walsham  clearly  establish  that 
neither  macroscopically  nor  microscopically  is  it  possible  in  all  cases 
to  recognize  the  tuberculous  nature  of  the  affection;  the  anatomic  character 
of  the  lesion  is  so  varied  that  nothing  short  of  demonstrating  the  bacillus 
is  trustworthy.  The  condition  long  known  as  lymphoid  or  endothelial 
hyperplasia  of  the  lymph-nodes  is,  in  many  if  not  in  all  cases,  a manifesta- 
tion of  tuberculosis;  the  histologic  tubercle  is  frequently  absent  and 
often  there  is  no  cell  accumulation  resembling  such  a structure.  In  these 
cases  the  endothelial  cells  of  the  lymph-sinuses  are  found  proliferating 
and  the  mononuclear  elements  greatly  increased;  sometimes  fibrin  can 
be  demonstrated  and  areas  of  necrosis  are  often  present.  In  such  cases  the 
diagnosis  of  tuberculosis  must  rest  upon  the  identification  of  the  bacillus. 
In  other  instances  the  diagnosis  may  readily  be  made.  The  affected  nodes 
are  very  much  enlarged,  swollen,  and,  at  first,  not  attached  to  the  inter- 
vening and  surrounding  tissues;  the  capsules  are  thin  and  tense.  On 
incision,  early  in  the  case,  the  node  is  more  or  less  hyaline,  translucent, 
and  succulent;  scattered  throughout  its  structures  tubercles  in  different 
stages  of  development  and  in  all  degrees  of  necrosis  and  degeneration,  may 
be  seen;  later,  these  bodies  may  become  fibroid,  caseous,  or  calcareous. 
In  the  mean  time  the  node  shrinks  in  size,  grows  fibroid,  and  develops 
a dense  and  thickened  capsule.  Such  nodes  as  the  last-described  represent 
a “healed-in”  tuberculosis,  or  quiescent  tuberculous  lymphadenitis.  In 
less  favorable  instances  the  process  of  caseation  involves  the  whole  node; 
eventually,  a periadenitis  is  induced,  and  the  node  becomes  adherent  to 
contiguous  structures;  masses  of  such  structures  may  coalesce.  These 
either  break  down  singly  or  a number  caseate  at  once,  giving  rise  to  a 
tuberculous  abscess,  the  contents  of  which  are  free  from  pyogenic  bacteria. 
In  a small  percentage  of  the  cases  pyogenic  bacteria  gain  ingress  either 
with  the  tubercle  bacilli  or  as  a secondary  infection;  under  such  circum- 
stances the  inflammation  is  attended  by  more  marked  systemic  phenomena. 
On  the  whole,  it  may  be  said  that  tuberculosis  of  the  nodes  has  a tendency 
toward  the  conservative  processes  of  sclerosis  and  limitation,  and  that 
general  dissemination  is  not  likely  to  occur;  exceptions  to  this  statement 
are  not  infrequent. 

The  histology  of  this  type  of  lvmphadenoid  tuberculosis  is  usually 
quite  characteristic  and  permits  a reasonably  accurate  diagnosis  even 
when  the  bacillus  cannot  be  demonstrated.  With  the  deposit  of  tubercle 
bacilli  in  the  lymph-node  the  evidence  of  infection  begins.  There  is 

1 See  Paths  of  Infection  in  Tuberculosis,  p.  123. 
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quickly  developed  an  epithelioid  accumulation  resulting  from  proliferation 
of  the  endothelial  cells  of  the  lymph  paths;  to  these  are  added  a few 
polymorphonuclear  leukocytes,  which,  with  the  accumulation  of  mono- 
nuclear cells  apparently  of  hemal  origin,  constitute  the  anatomically 
mature  tubercle.  A number  of  these  become  confluent,  and  caseation 
occurs,  followed  by  local  diffusion  involving  the  whole  node  and  later  a 
periadenitis  that  binds  the  nodes  of  the  area  together.  The  infection  may 
spread  to  the  circumadenoid  tissues,  and  eventually,  by  the  route  of  least 
resistance,  may  reach  the  skin.  During  this  time  it  is  possible  that  some 
of  the  bacilli  have  passed  the  node  and  assured  further  extension  of  the 
process  by  a second  incursion  through  the  lymph-stream.  (See  Tuber- 
culosis, p.  128.) 

The  course  just  described  may  be  arrested  at  any  point.  The  bac- 
tericidal action  of  the  lymphoid  structures,  including  the  leukocytes, 
may  terminate  the  process  by  a victory  for  the  inhibiting  forces,  the 
bacilli  succumbing  or  becoming  so  surrounded  by  a protective  cordon 
of  leukocytes  as  to  limit  the  lesion  to  the  area  involved,  or,  possibly, 
to  a single  node,  or  even  to  a part  of  a node.  This  “healing-in”  of 
the  affected  tissues  does  not  represent  a cure,  but  merely  a quiescent 
infection,  which  may,  when  the  protective  power  is  weakened  by  some 
secondary  or  intercurrent  malady,  break  out  anew.  The  relation  of  these 
glands  to  the  production  of  miliary  tuberculosis  is  discussed  on  page  130. 
Caseous  nodes  may  discharge  into  serous  or  other  cavities;  Metcalfe1 
reports  an  instance  of  sudden  death  due  to  rupture  of  a caseous  node  into 
the  trachea  just  above  the  bifurcation. 

Syphilitic  Lymphadenitis.2 — The  nearest  anatomic  tymph-node  drain- 
ing an  area  in  which  there  is  an  initial  lesion  of  syphilis  manifests,  as  a 
rule,  a reaction  to  the  invasion,  which  is  quickly  followed  by  swelling 
of  contiguous  nodes,  and  eventually,  in  the  vast  majority  of  cases,  by 
hyperplasia  of  the  lymphadenoid  tissues  at  large.  The  initial  or  primary 
glandular  involvement  seems  to  be  almost  purely  a proliferative  change 
in  the  cells  of  the  lymphoid  follicle  and  a further  blocking  of  the  sinuses  by 
leukocytes.  The  primary  glandular  hyperplastic  change  is  usually  transi- 
tory, and  frequently  disappears  in  a few  days  under  treatment,  and,  often, 
in  a few  weeks  without.  When  the  secondary  stage  is  inaugurated  per- 
sisting glandular  enlargement  commonly  becomes  more  intense,  or  if  it  has 
disappeared  the  lymph-nodes  usually  enlarge  again;  at  this  time  the 
hyperplasia  is  general  but  not  uniformly  so,  some  nodes  or  groups  of  nodes 
showing  more  enlargement  than  others.  During  the  tertiary  period 
nodal  enlargement  may  persist  or,  having  disappeared,  definite  gummatous 
masses  are  occasionally  observed.  The  tertiary  stage  may  be  manifested 
by  atrophied,  cicatrized,  or  caseous  areas  of  practically  cured  tertiary 
glandular  lesions. 

Hodgkin’s  disease,3  lymphadenia,  lymphadenoma,  lymphosarcoma, 
progressive  lymphadenoid  hyperplasia,  malignant  lymphoma,  simple 
adenia,  pseudoleukemia,  and  other  more  or  less  synonymous  terms, 

1 Lancet,  May  25,  1901. 

2 Bergh,  Hospitalstidcnde,  Copenhagen,  1906,  xlviii,  No.  49;  Montgomery  and 
Culver,  Jour.  Amer.  Med.  Assoc.,  Feb.  19,  1910,  p.  605. 

3 Symmers,  Arch,  of  Internal  Med.,  Sept.,  1909,  vol.  iv,  p.  218;  Lichtenstein, 
Virch.  Arch.,  Bd.  ccii,  H.  2,  Nov.  2,  1910,  p.  222;  Fraenkel  and  Mutch,  Munch, 
med.  Woch.,  March  29,  1910,  p.  685;  Karsner,  Arch,  of  Internal  Med.,  August, 
1910,  vol.  6,  p.  175;  Duval  and  Howard,  Arch,  of  Internal  Med.,  Jan.,  1910,  vol.  v, 
p.  vi;  MacCallum,  Trans.  Assoc.  Amer.  Phys.,  1907,  xxii,  p.  350. 
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have  been  applied  to  a peculiar  form  of  lymphoid  change  in  which  one 
or  more  of  the  lymphadenoid  tissues  of  the  body  are  involved,  including 
not  only  the  lymph-nodes,  the  spleen,  and  the  tonsils,  but  even  the 
lymphoid  tissues  of  the  various  mucosae.  There  can  be  no  doubt  that 
a number  of  conditions  have  been  included  in  this  group,  but  careful 
study  by  modern  methods,  and  particularly  the  investigations  of  Reed, 
Simmons,  and  Longcope,  render  it  possible  to  recognize  a fairly  definite 
anatomic  picture,  properly  to  be  identified  as  distinct  from  neoplasms 
affecting  the  lymph-nodes— although  about  this  there  is  still  some  doubt — 
and  probably  due  to  some  form  of  infection  the  exact  nature  of  which 


Fig.  2io. — Hodgkin’s  Disease. — ( From  a photograph  taken  a few  weeks  before  the  death  of  the  patient  from 

mediastinal  involvement.) 

The  lymphatic  enlargement  in  both  axillae  is  shown,  as  well  as  the  unusual  collar-like  glandular  involvement 
in  the  neck.  The  nodes  of  the  left  axilla  show  the  tuberous  or  nodular  character  of  the  enlargement, 
as  they  have  not  as  yet  matted  together.  In  the  right  axilla  the  individual  nodes  are  not  easily  out- 
lined. The  right  arm  is  swollen  from  pressure  on  the  axillary  vein,  and  possibly  from  obstruction  to 
the  lymph  flow  through  the  involved  nodes.  At  postmortem  examination  the  mediastinal,  retro- 
peritoneal, mesenteric,  and  inguinal  lymphatics  were  all  found  to  be  involved.  (Patient  of  Professor 
J . C.  Wilson,  in  the  wards  of  the  Jefferson  Medical  College  Hospital.) 


remains  uncertain.  Sternberg’s  contention  that  the  affection  is  a mani- 
festation of  tuberculosis  is  not  acceptable;  Fraenkel  and  Mutch  believe 
that  a Gram-positive,  granular  organism,  resembling  the  tubercle  bacillus, 
is  the  cause. 

The  glandular  enlargement  follows  no  law;  each  case  differs  from  all 
others.  As  a rule,  the  first  nodes  to  enlarge  are  the  cervical.  A cluster 
of  lymph-nodes  may  become  prominent  in  a comparatively  short  time, 
may  remain  quiescent  sometimes  for  months,  and  then  suddenly  take  on 
renewed  activity.  Following  the  cervical  nodes  in  order  of  frequency 
come  the  axillary  and  inguinal  glands.  In  extremely  rare  cases  the  dis- 
ease begins  in,  and  remains  restricted  to,  some  group  of  internal  nodes, 
such  as  the  mediastinal,  retroperitoneal,  or  bronchial;  later  in  the  affection 
usually  all  these  groups  are  implicated.  Some  of  the  glands  may  contain 
caseous  areas  accurately  circumscribed,  possibly  the  result  of  a past,  or 
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superimposed,  tuberculous  infection.  The  disease,  however,  bears  no 
relation  to  tuberculosis — association  of  the  infection  is  mentioned  only  to 
indicate  the  possibility  of  combined  lesions.  The  process  is  not  restricted 
to  the  lymph-nodes  properly  so  called,  but  the  lymphoid  tissues  through- 


Fig.  an.- — Hodgkin’s  Disease. 

Cervical,  submental,  mediastinal,  bronchial,  retroperitoneal,  and  left  axillary  tumors  from  a case  of  Hodgkin’s 
disease.  The  tongue  is  visible  at  the  top  of  the  picture  in  the  middle  line.  A short  distance 
below  is  the  thyroid  gland.  The  left  axillary  tumors  are  attached  to  the  mass  of  cervical  glands  on 
the  left  side.  ( Longcope , Bulletin  of  the  Ayer  Clinical  Laboratory,  Pennsylvania  Hospital,  1903.  No.  1.) 


out  the  body  may  manifest  a certain  amount  of  involvement;  new  areas 
of  lymphadenoid  tissue  sometimes  develop.  The  splenic  changes  have 
already  been  considered.  (See  p.  435.)  In  some  cases  the  adenoid  tissue 
of  the  alimentary  canal  becomes  conspicuous;  in  others  lymphoid  growths 


LYMPH  NODES. 


-+47 


are  present  in  the  liver  and  pancreas.  The  thymus  and  thyroid  bodies 
and  the  suprarenal  capsule  may  be  involved;  rarely,  lymphoid  growths 
occur  in  the  central  nervous  system. 

The  enlarged  nodes  are  white  or  grayish-white,  and  are  either  firm 
or  soft,  depending  upon  the  rapidity  of  their  growth;  in  rare  cases  there 
may  be  evidence  of  necrosis  in  the  interior.  As  a rule,  they  remain  dis- 
tinct until  reciprocal  pressure  or  peripheral  growth  has  coalesced  them, 


Karin  M.H*ll,{ec. 


Fig.  212. — Hodgkin’s  Disease. 

Section  of  lymph-node  showing  uninuclear  and  multinuclear  giant  cells,  various  forms  of  epithelioid  cells, 

and  a moderate  number  of  eosinophilic  leukocytes. 

( Longcope , Bulletin  of  the  Ayer  Clinical  Laboratory,  Pennsylvania  Hospital,  1903.  No.  1.) 

and  not  until  they  have  attained  considerable  size  do  they  show  evidence 
of  marked  periadenoid  extension;  to  this  rule  there  are  notable  exceptions, 
and  occasionally,  in  a group  of  glands,  many  differences  in  consistency,  in 
color,  and  in  evidences  of  infiltration  may  be  present. 

Histologically  the  growths  from  different  cases  rarely  present  iden- 
tical changes.  There  runs,  however,  through  them  all,  certain  con- 
spicuous alterations  by  which  it  is  possible  to  identify  the  condition. 
In  the  early  stages  the  lymphadenoid  hyperplasia  is  the  most  strik- 
ing feature;  later  endothelial  proliferation  becomes  marked  and  a notable 
increase  in  the  reticulum  develops.  In  addition  to  the  conspicuous  in- 
crease in  the  lymphoid  elements,  giant  cells,  which  may  be  mononuclear 
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or  polynuclear,  appear  in  varying  numbers;  these  elements  are  probably 
derived  from  the  endothelial  cells  of  the  reticulum.  Frequently,  but  not 
invariably,  polymorphous  eosinophile  cells  are  abundant  throughout  the 
growth.  In  a case  which  I recently  examined  no  eosinophiles  were 
present  in  nodes  removed  a few  weeks  before  death,  but  the  specimens 
obtained  at  autopsy  contained  large  numbers  of  these  cells.  The  eosino- 
philes of  the  marrow  and  the  myelocytes  may  be  increased.  The  histol- 
ogy of  the  enlarged  spleen  and  of  the  secondary  growths  in  th.e  liver  and 
elsewhere  is  essentially  similar  to  that  of  the  involved  nodes.  For  dis- 
cussion of  the  blood  changes  see  page  424. 

Tumors  of  Lymph-nodes. — If  we  except  the  foregoing  enlargements 
from  the  tumors  of  lymph-nodes,  the  only  important  primary  tumor 
of  these  structures  is  sarcoma;  the  alveolar,  round-cell,  melanotic,  and 
mixed-cell  forms  occur  in  the  order  given.  Sarcoma  may  be  secondary 
as  well  as  primary,  but  is  less  commonly  so.  The  frequent  secondary 
tumor  of  lymph-nodes  is  cancer.  In  all  its  forms  carcinoma  involves  the 
primitive  lymphatics;  the  extent  of  this  involvement,  and  the  portability 
of  the  invading  cells,  together  with  the  resistance  of  the  individual, 
determine  the  rapidity  with  which  the  tumor  cells  reach  the  lymph-node 
anatomically  or  physiologically  nearest  to  the  primary  growth.  Thus, 
the  rapidly  growing,  almost  spheric,  cells  of  encephaloid  and  scirrhus  are 
more  prone  to  metastases  than  the  flat  irregular  cell  of  squamous  epithe- 
lioma. (See  Tumors,  pp.  321  and  327.)  When  cancer  involves  lymph- 
nodes,  the  histology  of  the  primary  tumor  is  usually  as  fully  reproduced 
as  the  gland  and  its  surrounding  structure  will  admit. 

Osteomata,  chondromata,  and  endothelioma  occasionally  involve 
lymph-nodes,  but  are  rare.  Lymphangiomatous  cysts  sometimes  occur 
in  the  lymph-nodes. 


CHAPTER  IV. 


* 


THYMUS  BODY.1 

In  the  last  months  of  intrauterine  life  and  during  the  first  two  years 
of  infancy  the  thymus  body  may  be  justly  called  a gland,  as  it  contains 
epithelial  elements  arranged  in  lobes,  with  subdivision  into  lobules,  and  a 
minute  structure  resembling  that  of  certain  glands.  Even  before  birth, 
replacement  of  the  epithelial  structures  by  cells  resembling  those  seen  in 
lymphoid  tissues  is  marked,  and  this  substitution  persists  to  the  second, 
third,  or  fourth  year.  After  this  time  atrophy  progresses,  and  by  the  tenth 
year  the  adenoid  structure  has  been  replaced  by  fat  and  fibrous  tissue, 
and  at  puberty,  or  shortly  afterward,  the  gland  can  rarely  be  identified, 
or  at  most  but  a small  vestige  is  normally  found. 

Malposition  and  Malformation. — The  organ  may  be  absent,  and 
there  may  be  no  evidence  of  its  ever  having  developed.  In  other  in- 
stances even  in  infancy  it  may  be  scarcely  demonstrable.  Accessory 
lobes,  and  even  fully  formed  accessory  glands,  are  occasionally  observed. 
Rarely,  the  gland  may  be  out  of  place,  approaching  the  thyroid,  or, 
less  commonly,  anterior  to  the  heart  and  below  its  normal  position;  in 
some  instances  a lateral  displacement  may  be  present,  and  still  less 
frequently  the  thymus  vestige  may  be  found  in  the  peribronchial  con- 
nective tissues.  The  thymus  may  contain  thyroid  or  parathyroid. 
Persistence  of  the  gland,  either  with  or  without  enlargement,  occasionally 
occurs;  it  has  been  observed  in  exophthalmic  goiter.  In  the  absence  of 
any  distinct  overgrowth  it  may  be  questioned  whether  any  symptoms  or 
lesions  result. 

Atrophy  of  the  thymus,  as  previously  stated,  is  a normal  process. 
Dudgeon  divides  the  atrophies  into  primary  and  secondary;  in  the  former 
the  gland  may  weigh  less  than  a gram,  the  lymphoid  tissue  is  wasted, 
polynuclear  giant  cells  are  usually  present,  and  many  of  Hassall’s  cor- 
puscles are  calcified.  Hemorrhages  are  sometimes  present  and  fatty 
infiltration  is  often  conspicuous.  Riihrah  makes  this  change  the  anatomic 
basis  of  marasmus.  Secondary  atrophy  of  the  gland  is  seen  in  wasting 
diseases  of  all  kinds,  particularly  tuberculosis.  In  the  secondary  atrophy, 
fibrosis  is  the  most  conspicuous  change.  Hyperplasia  of  the  fibrous  tissue, 
with  increase  in  the  lymphoid  stnicture,  giving  rise  to  considerable  glandu- 
lar enlargement,  sometimes  called  thymic  hypertrophy,  is  occasionally  seen. 
Normally,  the  thymus  gland  varies  in  weight  between  5 and  10  gm.  at 
the  stage  of  its  fullest  development.  The  enlarged  thymus  may  weigh 
from  20  to  100  gm.,  and  may  retain  a weight  of  from  20  to  25  gm.  in  the 
adult.  Very  often  this  persistence  or  enlargement  of  the  thymus  is  present 
without  any  associated  phenomena.  In  other  instances  it  is  observed  in 
connection  with  goiter  and  with  the  lymphoid  and  adenoid  enlargements 
of  leukemia  and  Hodgkin’s  disease.  In  certain  types  of  respiratory  diffi- 

1 Hart,  Centralbl.  f.  d.  Grenzegebiete  d.  Med.  u.  Chir.,  July  30,  1909;  Pappen- 
heimer,  Jour.  Med.  Research,  Feb.,  19x0;  Gardener,  Proc.  Royal  Soc.  of  Med., 
Dec.  3,  1909. 
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culty  seen  particularly  in  children,  and  called  thymic  asthma,1  and  in 
instances  of  sudden  death  in  infancy  and  childhood — thymic  death — the 
thymus  has  been  found  enlarged.  Many  have  doubted  the  relation  of 
thymic  enlargement  to  these  conditions  but  Jackson’s  bronchoscopic 
demonstration  of  tracheal  stenosis  during  life,  the  instant  relief  following 
passage  of  tube,  and  recovery  of  patient  after  thymectomy,  would  seem 
conclusive.  The  thymus  need  not  be  greatly  enlarged  at  autopsy,  as 
edema  and  vascular  distention,  particularly  the  latter,  may  during  life 
greatly  increase  the  size  of  the  organ. 

Thymic  Hemorrhage. — Following  thymic  death,  as  well  as  asphyxia 
from  other  causes,  ecchymosis  and  marked  congestion  are  commonly 
found  in  the  thymus.  Petechia  and  ecchymoses,  or  even  larger  hemor- 
rhagic infiltrations,  are  also  occasionally  observed  in  the  gland  in  scurvy 
and  in  acute  infections  occurring  during  infancy. 

Lymphatism,  status  lymphaticus,  and  lymphatic  constitution  are 
names  applied  to  a condition  in  which  there  is  general  hyperplasia  of 
many  lymphoid  tissues,  including  the  thymus  gland.  The  spleen  is 
usually  enlarged,  Peyer’s  patches  are  prominent,  and  sudden  death 
is  not  uncommon.  These  patients  bear  anesthesia  badly,  and  sudden 
death  has  occurred  during  minor  operations  under  local  anesthetics. 
The  condition  may  be  associated  with  rickets.  Ohlmacher  has  noted 
the  coincidence  of  status  lymphaticus  and  epilepsy.  Sudden  death 
in  these  cases  has  been  attributed  to  pressure  on  the  trachea,  heart,  or 
great  vessels,  and  to  the  action  of  toxic  substances  present  in  the  blood. 

Little  is  known  of  inflammations,  degenerations,  and  necroses  that 
occur  in  the  thymus.  That  the  organ  is  subject  to  embolism  is  indicated 
by  the  occurrence  of  what  appear  to  be  metastatic  abscesses  in  septic  proc- 
esses, especially  in  pyemia. 

In  common  with  other  tissues  it  is  liable  to  invasion  by  miliary 
tubercles,  and  occasionally  contains  the  caseous,  fibrocaseous,  or  cre- 
taceous nodules  of  chronic  tuberculous  infection.  Gummata  of  the 
thymus  have  been  observed. 

Primary  tumors  of  the  thymus  gland  are  rare.  By  reason  of  the 
presence  of  epithelium,  carcinoma  is  probably  the  most  frequent  tumor; 
however,  sarcoma  of  the  round-cell  type  is  relatively  frequent.  Lymphoid 
proliferation  occurs  in  Hodgkin’s  disease  and  in  leukemia. 

1 Cheinisse,  Sem.  Med.,  April  17,  1907;  Jackson,  Jour.  Amer.  Med.  Assoc., 
May  25,  1907,  p.  1753;  Warthin,  Arch,  of  Pediatrics,  August,  1909,  p.  1;  Griffith, 
New  York  Med.  Jour.,  Sept.  4,  1909,  p.  444. 


CHAPTER  V. 


SEROUS  MEMBRANES. 

The  normal  serous  membrane  is  composed  of  a flattened  layer  of 
mesothelial  cells  (endothelium)  resting  upon  a subserous  network  of  loose 
connective  tissue  in  which  ramify  the  blood-vessels,  lymphatics,  and 
nerves.  The  membrane  is  lubricated  by  a serous  fluid,  about  the  origin 
of  which  there  has  been  considerable  discussion.  The  older  view,  that  it 
is  a transudate,  must  be  modified.  The  statement  that  the  fluid  normally 
present  in  the  serous  cavities  is  a transudate  rather  than  a secretion  is 
based  upon  the  view  that  lymph  is  not  a secretion;  this  matter  has  been 
already  discussed,  and  need  not  be  reviewed;  the  reader  is  referred  to 
the  article  on  Edema,  page  260.  An  important  histologic  and  physiologic 
fact,  of  great  practical  significance,  is  the  demonstration  that  the  serous 
cavity  is  in  direct  communication  with  the  lymph-spaces  of  the  subserosa 
and,  in  some  instances,  with  the  lymph-paths  of  the  organs  and  structures 
covered.  The  exact  character  of  this  communication  is  still  a subject  of 
controversy;  the  older  view  that  the  lymphatics  adjacent  to  the  serous 
membranes  communicated  with  the  cavity  by  open-mouthed  vessels 
(stomata)  has  been  attacked  and  somewhat  modified,  but  the  communica- 
tion has  not  been  disproved.  If  India  ink  be  injected  into  the  subserosa, 
the  granules  appear  in  the  serous  cavities;  and  if  this  substance,  or  other 
material  containing  finely  divided  particles,  be  injected  into  the  peritoneum, 
the  granules  may  be  traced  in  the  diaphragm  and  are  sometimes  found 
in  the  lymph-nodes  that  drain  the  area.  Buxton1  has  shown  that  bacteria 
injected  into  the  peritoneum  appear  in  the  circulation  in  a few  minutes; 
immediate  absorption  takes  place  in  the  diaphragm.  The  importance  of 
these  demonstrations  cannot  be  overestimated,  as  it  explains  the  occur- 
rence of  inflammation  of  the  serous  membranes  covering  affected  viscera, 
makes  it  evident  why  pleurisy  frequently  accompanies  pneumonia  (epi- 
pneumonic  pleurisy),  why  inflammation  of  the  pleura  may  precede  or 
follow  inflammation  of  the  peritoneum,  and  also  renders  it  possible  to 
understand  the  changes  occurring  in  the  viscera  as  a result  of  infection 
of  the  overlying  serosa.  The  blood-vessels  supplying  nourishment  to  the 
serous  membrane  constitute  a fine  capillary  network  distributed  in  the 
subserosa;  the  thin  endothelial  investment  readily  permits  the  absorption 
of  toxic  substances  from  a serous  cavity  and  sometimes  offers  inadequate 
resistance  to  the  passage  of  infectious  material  from  the  underlying  capil- 
laries to  the  serous  surface. 

The  serous  cavities  of  the  body  are  the  peritoneum , the  pleurce , the 
pericardium,  the  serous  covering  of  the  brain  and  cord,  the  synovial  struc- 
tures of  the  joints  and  tendon-sheaths,  and  the  lining  membranes  of  the 
bursae.  When  one  of  these  membranes  is  examined  in  its  normal  condi- 
tion, the  surface  is  found  to  be  moist,  smooth,  and  shining,  and  the  mem- 
brane thin  and  transparent.  The  color  is  uniform  with  that  of  the  tissue 
which  it  covers,  and  where  two  layers  of  the  serous  membrane  have  noth- 

1 Jour.  Med.  Research,  March,  1907. 
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ing  between  them  but  the  fibrous  or  fibro-elastic  network  on  which  they 
rest,  it  may  be  practically  true  that  the  membrane  is  colorless.  The 
normal  serum  of  the  cavity  is  a clear  fluid,  usually  of  a light  straw-color; 
it  may,  however,  be  stained  by  osmosed  coloring-matter,  as  when  the 
coloring-matter  of  the  blood  passes  through  the  heart  postmortem,  tinging 
the  pericardial  fluid. 

The  quantity  of  fluid  present  in  any  given  serous  membrane  is  de- 
pendent upon  the  amount  in  the  connective  tissues  elsewhere,  as  well 
as  the  surface  area  of  the  membrane  in  question,  and  must,  therefore, 
vary  in  quantity.  If  the  patient  has  died  slowly,  and  a general  lymph 
stasis  has  ensued  from  the  gradual  slowing  of  the  circulation,  more  fluid 
will  be  found  in  the  serous  sacs  than  under  conditions  of  rapid  death. 
The  amount  of  fluid  that  can  be  collected  will  approximate,  in  the  peri- 
toneum from  8 to  50  c.c.;  in  the  pleura,  from  30  to  100  c.c.;  in  the  peri- 
cardium, from  4 to  30  c.c. 

If  during  life,  for  any  reason,  there  is  slowing  of  the  circulation  leaving 
a serous  membrane  or  the  organ  which  it  incloses,  there  is  a disposition 
for  fluid  to  accumulate  in  the  serous  cavity,  just  as  obstruction  to  the  on- 
ward flow  of  blood  in  any  part  of  the  body  may  be  followed  by  distention 
of  the  lymph-spaces  with  serum.  Such  an  accumulation  constitutes  what 
is  often  spoken  of  as  dropsy  of  a serous  cavity.  Ascites , or  hydroperitoneum, 
from  obstructive  lesions  in  the  liver  or  portal  thrombosis  is  an  example 
of  this  condition.  The  accumulation  of  fluid  in  the  pleura  ( hydrothorax ) 
in  pulmonary  edema  and  general  dropsy  is  a second  instance;  similar 
conditions  may  cause  hydropericardium.  In  the  hydrothorax  of  heart 
disease  the  effusion  is  sometimes  unilateral,1  in  which  case  it  is  commonly 
restricted  to  the  right  side,  and  when  bilateral  the  larger  quantity  of 
fluid  is  usually  in  the  right  pleura.  It  is  thought  that  this  difference  in 
the  two  sides  may  depend  upon  pressure  of  the  enlarged  right  heart  on  the 
root  of  the  right  lung  and  the  vena  azygos  major;  it  is  also  to  be  remem- 
bered that  the  serous  surface  of  the  right  pleura  is  the  larger,  and  that  any 
condition  tending  to  increase  the  output  of  fluid  from  the  serosa  would  be 
likely  to  give  rise  to  a larger  quantity  upon  the  right  side.  With  enlarge- 
ment of  the  left  heart  there  is  usually  a tendency  toward  a left-sided  effu- 
sion or  at  least  a larger  quantity  of  fluid  in  the  left  pleura.  The  accumula- 
ted fluids  interfere  mechanically  with  the  function  of  the  organs  in  the 
affected  cavity,  and  increase  the  venous  congestion,  which  may  have 
been  the  original  cause. 

Accumulations  of  serum,  without  any  gross  evidence  of  inflammation, 
occasionally  occur  in  serous  cavities  where  the  membrane  is  infiltrated  by 
miliary  tubercles.  The  tubercles  surrounding  and  obstructing  the  small 
vessels — arteriole,  capillary,  and  vein — lead  to  extravasation  exactly  as 
would  any  other  obstructive  lesion;  it  is  also  probable  that  the  irritation 
produced  by  the  tubercle  bacillus  or  its  poisons  increases  the  permeability 
of  the  endothelium  or  induces  an  inflammation  of  such  a low  order  that 
the  resulting  fluid  possesses  more  of  the  characters  of  a transudate  than  of 
an  exudate.  The  process  is  most  frequent  in  the  peritoneum,  where  not 
uncommonly  gallons  of  fluid  may  be,  at  different  times,  drawn  off,  only 
to  reaccumulate.  Recurring  ascites  may  also  be  due  to  obstruction  of  the 
portal  vein. 

In  addition  to  the  dropsical  conditions  arising  from  chronic  diseases 
of  the  heart  and  of  the  kidneys,  and  the  local  obstruction  to  the  circulation 

1 Steele,  Jour.  Amer.  Med.  Assoc.,  Oct.  1,  1904;  bibliography. 
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secondary  to  cirrhosis  or  protracted  congestion  of  the  liver,  chronic  or 
persistent  irritation  of  any  kind  affecting  a serous  membrane  frequently 
induces  more  or  less  serous  accumulation  within  its  cavity.  Such  per- 
sistent irritation  is  occasionally  observed  in  the  joints,  giving  rise  to 
hydrops  arthrosis , sometimes  called  joint  dropsy. 

The  fluid  present  in  dropsical  conditions  of  serous  membranes  may,  in 
many  instances,  be  differentiated  from  that  due  to  inflammation.  Its 
specific  gravity  is  usually  low — 1015  or  lower.  As  a rule,  it  is  clear; 
occasionally,  however,  it  may  be  cloudy.  Cloudiness  is  more  frequent  in 
hydroperitoneum  than  in  dropsies  of  other  serous  cavities.  When  the 
accumulation  is  due  to  obstruction  of  the  lacteals,  as  it  may  be  in  the 
peritoneum,  the  milky  opacity  is  to  be  attributed  to  the  presence  of  fat 
globules.  These  are  usually  easily  recognized  under  the  microscope,  and 
may  be  further  identified  by  the  usual  tests  for  fat.  (See  p.  234.)  It  has 
been  the  custom  to  assume  that  the  abundant  presence  of  leukocytes  arose 
only  in  connection  with  inflammation,  but  Poljakoff1  has  reported  a case 
in  which  the  milkiness  of  the  transudate  was  apparently  due  entirely 
to  the  presence  of  white  blood-cells.  In  Poljakoff’s  case  the  low  specific 
gravity  (1009)  favored  the  exclusion  of  inflammation.  In  true  milky 
ascites  the  fluid,  on  standing,  usually  evinces  partial  separation  into 
three  layers:  the  uppermost  layer  is  milky  or  cream-like,  and  contains 
fat;  the  sediment  is  composed  of  leukocytes  and  cellular  detritus,  while 
the  intervening  layer  may  be  quite  clear.  True  chylous  ascites2  results 
from  the  escape  of  chyle  into  the  peritoneal  cavity  and  may  be  due  to  in- 
jury or  obstruction  of  the  thoracic  duct,  disease  of  the  receptaculum  or 
lacteals,  including  thrombosis,  tuberculosis,  neoplasms,  and  parasitic 
invasion;  it  may  follow  rupture  of  chylous  vessels  or  cysts  in  the  mesentery. 
In  the  thorax  the  condition  results  from  injuries  and  rarely  from  neoplastic 
or  tuberculous  invasion  of  the  thoracic  duct.  True  chylous  fluids  contain 
fats  and  sugar,  the  melting-point  of  the  fat  approximating  that  of  the  fats 
ingested.  The  accumulations  are  usually  rapid  and,  after  removal, 
quickly  reform.  Those  fluids  in  which  the  resemblance  to  chylous  liquids 
is  striking,  but  in  which  the  opacity  is  not  due  to  fat  derived  from  the 
chyle,  are  called  chyliform.  Chyliform  ascites  is  the  commonest  of  these 
accumulations.  Chyliform  fluids  accumulate  slowly,  are  usually  rela- 
tively rich  in  cells,  are  not  infrequently  associated  with  neoplastic  in- 
volvement of  the  serosa,  commonly  contain  no  sugar,  and  the  fat  con- 
tent is  not  influenced  by  the  quantity  or  character  of  the  ingested  fats. 
Chemic  examination  shows  that  the  amount  of  fat  rarely  exceeds  0.15  per 
cent.  In  true  chylous  ascites  the  quantity  of  fat  varies  between  one  and 
three  per  cent.,  and  sometimes  is  much  more.  Pagenstecher  believes  that 
chyliform  fluids  are  produced  by  degenerative  changes  in  the  contained 
cells  resulting  in  the  production  of  molecular  fat;  such  transformation 
may  explain  some  cases,  but  it  is  probable  that  in  most  instances  the 
cloudiness  is  due  to  a proteid  resembling  that  which  causes  the  opacity 
of  fat-free  milk. 

The  order  in  which  the  serous  cavities  of  the  body  are  examined 
is:  (1)  Peritoneum;  (2)  pleura;  (3)  pericardium;  and  (4)  the  serous  mem- 
branes covering  the  brain  and  cord.  The  processes  in  each  of  these, 
when  affected  by  disease,  vary  so  little — the  variation  depending  not  so 

1 Berliner  klin.  Woch.,  1900,  No.  i,  p.  9. 

2 The  subject  of  chylous  and  chyliform  ascites  is  fully  reviewed  by  Wilson, 
Amer.  Jour.  Med.  Sci.,  Oct.,  1905,  p.  629;  bibliography. 
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much  upon  the  membrane  as  upon  the  surrounding  structures — that 
it  is  possible  to  study  in  detail  disease  affecting  one  of  the  cavities  and 
apply  the  knowledge  thus  acquired  to  any  or  all  of  the  other  serous  mem- 
branes with  but  slight  modification:  e.  g.,  the  brain,  being  inclosed  in  a 
rigid  covering  (the  skull),  is  never  surrounded  by  large  accumulations 
of  fluid  so  constantly  found  in  inflammations  of  the  pleura. 

Malpositions  of  the  various  serous  membranes  are  determined  by 
ectopia  of  the  viscera  contained  in  the  cavity,  and,  in  the  absence  of  such 
conditions,  are  rarely  observed.  Malposition  of  the  heart  leads  to  dis- 
placements of  the  pericardium;  in  hernias  or  other  malpositions  of  the 
abdominal  viscera  or  lungs  the  serosa  accompanies  the  ectopic  viscus. 
The  same  general  statement  applies  to  malformation  of  other  serous  mem- 
branes; the  surface  distribution  of  the  serosae  is  determined  by  the  con- 
tour of  the  enclosed  organs  artd  the  shape  of  the  parietes  which  the  ser- 
ous membrane  lines;  when  these  structures  are  normal,  developmental 
defect  in  the  enveloping  serosa  is  exceedingly  rare. 

Malformation  of  the  pericardium  occurs  but  rarely,  and  usually  con- 
sists of  partial  or  complete  absence  of  the  membrane.  Ebstein1  collected 
thirty  cases  of  absence  of  the  pericardium.  One  should  not  be  misled 
by  considering  universally  adherent  pericardium  as  illustrative  of  ab- 
sence of  the  organ.  Normally,  the  phrenic  nerves  are  widely  separated 
by  the  pericardium,  but  in  reported  cases  of  absence  of  the  pericardium 
the  two  nerves  were  approximated  This  will,  therefore,  aid  in  demon- 
strating that  the  pericardium  was  present  at  one  time,  and  that  inflamma- 
tion sealed  its  walls  together.  Evidences  of  past  inflammation  are  usually 
to  be  found.  Adhesions  to  the  surrounding  structures,  thickening  of  the 
adjacent  pleura,  and  sometimes  induration  of  the  mediastinal  tissues  offer 
further  aid  in  recognizing  the  essential  character  of  the  process.  Some- 
times adventitial  folds  and  duplications  may  be  found  near  the  base  of 
the  heart,  great  vessels,  or  along  the  margins  of  the  auricles.  Rohn2 
records  four  instances  in  each  of  which  a pericardial  diverticulum  was 
present;  usually  such  a sac  or  pouch  projects  into  the  mediastinal  tissues 
and  toward  the  right  side.  Occasionally  fenestra  between  the  pleura  or 
peritoneum  and  pericardial  cavity  are  observed. 

Maculae  albidae,  tendinous  patches,  or  white  or  milk  spots  on  the  peri- 
cardium, are  occasionally  found,  and  are  usually  due  to  the  heart  thump- 
ing, at  each  pulsation,  against  some  hard  body,  such  as  a prominent 
costal  cartilage,  or,  more  rarely,  the  vertebrae.  These  spots  are  to  be 
differentiated  from  the  deeper  lesions  of  fibroid  change  in  the  cardiac 
muscle  by  the  former  being  thin,  superficial,  and  not  in  the  muscle,  but 
on  its  surface.  It  is  generally  admitted  that  the  so-called  milk  spots 
do  not  have  their  origin  in  any  acute  inflammatory  condition.  Each 
spot  is  essentially  a localized  fibrosis,  commonly  restricted  to  the  peri- 
cardium and  subpericardial  tissue,  and  rarely  involving  the  myocar- 
dium. When  the  fibrosis  extends  into  the  muscle,  it  is  usually  only  a 
very  superficial  invasion,  although,  in  rare  cases,  local  extension  of  the 
newly  formed  fibrous  tissue  into  the  cardiac  wall  may  be  observed.  In 
such  instances  it  is  quitQ  impossible  to  say  that  the  condition  did  not 
first  involve  the  muscle — an  interstitial  myocardial  fibrosis.  The  spots 
are  pure  white,  grayish-white,  or  even  pearly  in  color;  rarely,  of  a pinkish 
hue.  Occasionally,  a spot  may  be  slightly  calcareous.  They  are  usually 

1 Munch,  med.  Woch.,  March  8,  1910. 

2 Wien.  klin.  Woch.,  1903,  No.  18. 
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situated  in  the  visceral  pericardium  near  the  base  or  anterior  surface  of 
the  right  ventricle  or  near  the  apex  of  the  left.  Milk  spots  are  infrequent 
in  childhood,  and  are  more  often  present  with  advancing  years.  They 
are  more  frequent  in  males  than  in  females.  Enlarged  hearts  are  more 
commonly  affected;  particularly  is  this  the  case  in  hypertrophy.  Struc- 
tures possessing  the  same  general  characters  and  histology  are  some- 
times found  on  other  viscera.  The  spleen  is  often  affected,  and  the 
liver  less  frequently.  The  condition  is  a local  fibrous  hyperplasia  due 
to  repeated  slight  injuries  or  other  form  of  circumscribed  irritation. 

Infiltrations. — Pigment  is  rarely  found  in  the  pericardium.  Fatty 
infiltration  is  occasionally  observed.  Calcareous  areas  may  be  seen, 
particularly  if  the  membrane  has  ever  been  the  seat  of  inflammation. 
Ernst  Jones1  collected  58  cases  of  calcified  pericardium.  The  con- 
dition is  twice  as  common  in  the  male  as  in  the  female.  In  most  of  the 
cases  there  were  no  clinical  signs  indicative  of  the  condition.  The  process 
is  essentially  chronic,  persisting  for  fifteen  or  twenty  years.  In  thirteen 
per  cent,  of  the  collected  cases  there  was  a probability  that  the  condition 
was  secondary  to  suppurative  pericarditis.  Sometimes  in  fibrous  areas 
resulting  from  past  pericardial  inflammation  extensive  calcareous  infil- 
tration is  found.  At  times  this  calcific  deposit  may  be  so  great  that  one 
wonders  how  the  heart  maintained  its  contractile  power;  the  whole  of  the 
pericardium  may  show  more  or  less  calcareous  infiltration,  and  at  points 
the  calcific  layer  may  be  5 mm.  in  thickness.  Such  extensive  calcareous 
infiltration  is  usually  to  be  regarded  as  evidence  of  past  inflammation, 
and  it  is  doubtful  whether  calcification  occurs  in  a serous  membrane 
that  has  not  been  the  seat  of  some  inflammatory  lesion. 

Degenerations. — Fatty,  myxomatous,  hyaline,  and  granular  changes 
occur,  but  not  frequently. 

Inflammation  of  the  pericardium  (pericarditis)  is  analogous  to  in- 
flammation of  the  peritoneum  (peritonitis),  inflammation  of  the  pleura 
(pleuritis,  or  pleurisy),  inflammation  of  the  meninges  (meningitis),  in- 
flammation of  the  synovial  membranes  (synovitis),  inflammation  of  the 
bursae  (bursitis),  inflammation  of  the  tendon-sheaths  (thecitis).  The 
term  serositis  is  used  to  include  any  serous  membrane  inflammation. 
When  a number  of  serosae  are  simultaneously  or  sequentially  affected  the 
names  polyserositis,  multiple  serositis,  and  polyorrhomenitis  may  be 
employed. 

Inflammations  of  the  serous  membranes  may  be  primary  or  secondary. 
The  primary  inflammations  are  sometimes  called  idiopathic,  based  upon 
the  impossibility  of  definitely  ascertaining  the  essential  etiologic  factor. 
Nearly  all  the  inflammatory  conditions  affecting  the  serous  membranes 
are  secondary  in  point  of  origin,  and  therefore  are  practically  always 
associated  with  some  other  morbid  process.  One  of  the  most  frequent 
causes  of  inflammation  of  the  serous  surfaces  is  extension  of  an  inflam- 
matory process  from  adjacent  structures.  Of  the  many  examples  that 
might  be  given  for  this  condition,  the  following  should  be  mentioned : 
Meningitis  secondary  to  disease  of  the  ethmoid,  sphenoid,  and  mastoid 
sinuses,  and  from  diseases  of  the  middle  ear  or  cranial  bones;  pericarditis 
secondary  to  pleurisy  or  mediastinitis,  ulcerative  lesions  in  the  esophagus 
or  stomach,  and  pericardial  inflammation  due  to  infectious  processes 
involving  the  heart  or  mediastinal  structures;  pleurisy  secondary  to 
diseases  of  the  underlying  pulmonary  tissue;  peritonitis  resulting  from 

1 Path.  Soc.  of  London,  May  21,  1901. 
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perforation  of  the  intestine  as  well  as  from  suppurative,  perforative, 
or  gangrenous  processes  in  the  appendix  or  intestine;  and  extension  of 
infection  from  the  pelvic  viscera,  particularly  in  the  female.  The  circui- 
tous route  usually  taken  by  suppurative  and  ulcerative  processes  occur- 
ring in  organs  adjacent  to  the  diaphragm  may  lead  to  unusual,  or  even 
extraordinary,  combinations  of  pathologic  conditions.  Thus,  hepatic 
abscess  may  induce  peritonitis  or  pleurisy,  or  both,  depending  upon 
whether  its  extension  is  directed  toward  the  diaphragm,  through  which 
it  may  perforate,  extending  even  into  the  lung  and  discharging  its  con- 
tents through  a bronchus.  Gastric  ulcer  and  carcinoma  of  the  stomach 
may  perforate  the  peritoneum,  pleura,  or  pericardium. 

Inflammations  of  the  serous  membranes  may  also  arise  as  a result  of 
specific  agents  circulating  in  the  blood.  In  pyemia  and  septicemia  in- 
flammations involving  the  joints,  pericardium,  pleura,  meninges,  and 
peritoneum  are  not  uncommon.  Inflammations  of  serous  membranes 
are  sometimes  said  to  be  chemic  or  aseptic,  in  contradistinction  to 
inflammatory  conditions  arising  from  demonstrable  infection.  Thus,  it  has 
Ueen  held  that  the  inflammation  of  the  joints  and  of  the  pericardium  in 
rheumatism,  for  example,  was  due  to  the  presence  in  the  circulating 
blood  of  irritants  probably  the  result  of  faulty  metabolism.  About 
fifty  per  cent,  of  the  cases  of  pericarditis  are  of  rheumatic  origin.  It 
may  be  regarded  as  demonstrated  that  rheumatism  is  a bacterial  disease 
(see  Diplococcus  rheumaticus,  p.  84),  consequently,  its  time-honored  use 
as  an  example  of  a nonbacterial  cause  of  inflammation  of  serous  membranes 
cannot  be  justified,  and  the  possibility  of  distinctly  chemic  or  aseptic 
serous  inflammation  must  appear  inadmissible. 

Trauma  must  be  admitted  as  a cause  of  inflammation  of  the  serous 
membranes;  meningitis  may  follow  cranial  or  spinal  injuries;  pleurisy 
or  pericarditis1  may  be  produced  by  penetrating  wounds,  contusions,  and 
crushes  of  the  thoracic  wall;  peritonitis  may  follow  abdominal  trauma, 
and  synovitis  and  bursitis  are  frequently  of  traumatic  origin.  That  the 
inflammation  is  the  direct  consequence  of  the  injury  seems,  in  most  cases, 
doubtful;  the  frequency  with  which  surgeons  attack  the  serous  membranes 
clearly  shows  that,  in  the  absence  of  infection,  these  structures  tolerate 
considerable  violence.  Schachner2  collected  150  recorded  instances  in 
which  foreign  bodies  have  been  accidentally  left  in  the  abdominal  cavity; 
if  aseptic,  and  nonirritating,  encapsulation  and  enclosure  by  adhesions 
result.  The  danger  from  trauma  is  largely  due  to  the  fact  that  the  in- 
jured membrane  is  frequently  infected,  or  its  resistance  to  infection  so 
lowered  that  it  may  readily  be  attacked  by  bacteria.  Injuries  that 
destroy  tissue  or  permit  blood  to  accumulate  in  the  serous  cavities  invite 
infection;  therein  lies  the  greatest  danger.  The  reparative  effort  neces- 
sary for  healing  aseptic  wounds  of  the  serosas  scarcely  rises  to  the  dignity 
of  an  inflammation;  at  most,  it  produces  nothing  more  than  a slight 
plastic  exudate  terminating  in  the  formation  of  fibrous  tissue. 

Aneurysm  of  the  heart  or  of  the  aorta — the  latter  presenting  in  the 
pericardial  cavity — may  be  attended  by  pericarditis.  Allbutt3  recognizes 
a dry  plastic  pericarditis  due  to  aortitis  and  usually  involving  the  peri- 
cardium contiguous  to  the  affected  aorta.  Malignant  growths  and 
chronic  infectious  processes  attacking  the  serous  membranes  usually  in- 

1 Pleasants,  Bull,  of  Johns  Hopkins  Hospital,  1903,  vol.  xiv,  p.  124. 

2 Annals  of  Surgery,  November,  1901. 

3 Lancet,  July  18,  1903,  p.  143. 
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duce  inflammation.  Embolism  involving  the  viscera  covered  by  serosa 
may,  if  the  infarct  reach  the  surface  of  the  organ,  give  rise  to  a serositis, 
the  character  of  which  must  depend  upon  the  nature  of  the  embolic  process. 
Miller1  holds  that  many  cases  of  postoperative  pleurisy  are  of  embolic 
origin. 

Inflammation  of  the  serous  membranes  may  occur  in  the  course  of  many 
infectious  diseases.  In  a number  of  these  it  is  due  to  the  specific  organism 
of  the  affection  which  it  complicates.  Thus,  in  croupous  pneumonia, 
pleurisy  is  practically  always  present,  the  pericardium  frequently  affected, 
and  peritonitis,  meningitis,  and  synovitis  sometimes  result  from  the  pneu- 
mococcemia.  Keen2  collected  9 cases  of  pleurisy,  2 cases  of  pericarditis, 
15  of  meningitis,  and  98  of  arthritis  complicating  typhoid  fever.  In  many 
of  these  cases  the  typhoid  bacillus  was  obtained,  sometimes  in  pure 
culture.  Sears3  states  that  Betke  observed  58  cases  of  pleurisy  in  1420 
typhoid  patients.  Other  cases  of  serous  membrane  inflammation  due  to 
the  typhoid  bacillus,  have  been  reported  by  Widal  and  Lemeirre,4  Kichel,5 
Gourand,6  Gordinier.7  Cole8  and  others.  In  influenza,  pleurisy  is  sometimes 
observed,  peritonitis  has  been  known  to  occur,  joint  complications  are 
not  altogether  rare,  and  meningitis  due  to  the  Bacillus  influenzas  is 
occasionally  seen;  Mya9  collected  17  recorded  cases  of  grippal  cerebro- 
spinal meningitis.  The  serositis  sometimes  complicating  erysipelas  is 
due  to  the  hematogenous  dissemination  of  the  streptococcus.  In  a number 
of  infectious  diseases  serous  membrane  inflammations  due  to  associated 
or  intercurrent  infections  are  sometimes  observed.  With  this  group  of 
cases  should  be  included  the  inflammations  of  the  serosas  occurring  in 
scarlet  fever,  smallpox,  measles,  and  allied  acute  infectious  diseases, 
concerning  the  specific  cause  of  which  additional  information  is  needed. 

In  the  chronic  forms  of  nephritis,  particularly  in  contracted  kidney, 
pericarditis  and,  although  less  commonly,  pleurisy  are  not  infrequent. 
These  affections  are  also  seen  in  gout  and  diabetes.  At  one  time  it  was 
maintained  that,  in  the  diseases  mentioned,  toxic  substances  circulating 
in  the  blood  were  responsible  for  the  complicating  inflammation;  it  is 
now  generally  held  that  the  serositis  is  bacterial  in  origin  and  that  the 
diseases  with  which  it  occurs  favor  the  action  of  microorganisms  by  les- 
sening tissue  resistance  and  facilitating  the  dissemination  and  coloniza- 
tion of  germs  which  enter  the  circulation.  In  many  of  these  cases  the 
complication  is  a terminal  infection. 

Bacteriology  of  Serositis. — Reference  has  already  been  made  to  the 
serous  membrane  inflammations  accompanying  typhoid,  pneumonia, 
influenza,  erysipelas,  and  other  infectious  diseases  in  which  the  organ- 
ism, entering  the  circulation,  localizes  in  one  or  more  serosae.  There  are 
a number  of  bacteria  which  often  produce  serous  membrane  inflamma- 
tion without  evident  antecedent  infection  of  other  structures.  The 
pneumococcus  is  frequently  found  in  serositis.  According  to  Parker,10 

1 Amer.  Med.,  Aug.  2,  1902. 

2 Surgical  Complications  and  Sequels  of  Typhoid  Fever,  1898. 

3 Med.  and  Surg.  Reports  of  Boston  City  Hospital,  1902,  13th  series,  p.  22. 

4 C.  R.  Soc.  de  Biol.,  1903,  vol.  lv,  p.  1431. 

5 Gaz.  des  Hop.,  Aug.  30,  1901. 

6 Gaz.  des  Hop.,  1903,  lxxvi,  p.  375. 

7 Amer.  Jour,  of  Med.  Sci.,  Jan.,  1901. 

s Johns  Hopkins  Hospital  Bull.,  Feb.,  1904,  p.  62. 

9 Gazz.  Osped.,  March  1,  1903. 

10  Brit.  Med.  Jour.,  May  9,  1903,  p.  1081.  See  also  Emanuel,  Lancet,  Jan.  13, 
1906. 


45§ 


SPECIAL  PATHOLOGY. 


seventy-five  per  cent,  of  the  cases  of  empyema  in  children  are  pneumo- 
coccal; exactly  what  proportion  of  these  are  metapneumonic — follow 
pneumonia — it  is  difficult  to  say.  Often  it  is  impossible  to  determine, 
with  any  degree  of  accuracy,  by  what  route  the  infection  occurred. 
When  tile  pleura  is  involved,  it  is  reasonable  to  assume  that  the  organ- 
ism entered  through  the  lung;  in  primary  pneumococcal  meningitis 
the  infection  probably  traversed  the  facial  or  cranial  air  sinuses.  It 
seems  likely  that  pneumococcal  pericarditis  is  always  the  result  of  hema- 
togenous infection.  According  to  Jensen,  pneumococcal  peritonitis 
results  from  infection  through  a wound,  through  the  diaphragm,  through 
the  intestine  or  genital  tract,  by  the  blood,  or  from  pneumococcic  foci 
in  an  abdominal  organ.  Ghon  states  that  pneumococcic  peritonitis1  fre- 
quently complicates  cancer  of  the  stomach.  The  pneumococcic  forms 
of  arthritis  are  hematogenous  in  origin  and  are  rarely  primary.  The 
serosae  particularly  prone  to  infection  by  the  gonococcus  are  the  syno- 
vial membranes  and  peritoneum.  Hunner  and  Harris  were  able  to  collect 
39  cases  of  gonococcal  peritonitis.2  Gonorrheal  rheumatism  is  essentially 
a synovitis,  although  other  joint  structures  may  be  affected.  The  pyo- 
genic cocci  and  the  Streptococcus  pyogenes  are  frequently  found  in  sup- 
purative inflammations  of  the  serous  membranes.  McCollom  and  Blake3 
report  two  instances  of  streptococcal  peritonitis  in  8000  cases  of  scarlet 
fever.  In  270  cases  of  peritonitis,  Dudgeon  and  Sargent4  found  the 
Staphylococcus  pyogenes  albus  in  108.  Manahan5  found  streptococci 
alone  or  associated  with  other  bacteria  in  about  fifty  per  cent,  of  the  cases 
coming  to  autopsy.  In  perforative  lesions  involving  the  intestine  or  appen- 
dix the  colon  bacillus  is  practically  always  present,  and,  like  the  typhoid 
bacillus,  may  give  rise  to  peritonitis  without  demonstrable  lesion  in  the 
continuity  of  the  intestinal  wall  (propagative  infection).  The  bacillus 
coli  is  not  infrequently  present  in  inflammations  of  serous  membranes 
other  than  the  peritoneum.  The  meningococcus6  is  the  usual  cause  of 
epidemic  cerebrospinal  meningitis  and  has  also  been  observed  in  peri- 
carditis and  pleurisy. 

The  tubercle  bacillus7  occupies  an  all-important  relation  to  the 
production  of  serous  membrane  inflammations;  all  serosae  are  suscep- 
tible to  its  action,  but  the  pleurae,  pericardium,  meninges,  and  peri- 
toneum are  more  frequently  involved  than  the  synovial  membranes, 
tendon-sheaths,  or  bursae.  There  is  little  reason  for  believing  that 
the  serositis  produced  by  the  tubercle  bacillus  is  ever  primary,  although 
cases  occur  in  which  it  is  difficult,  if  not  impossible,  to  demonstrate 
the  initial  infection  from  which  the  bacillus  reached  the  serous  membrane. 
The  frequency  of  pleurisy  due  to  the  tubercle  bacillus  is  variously  esti- 

1 Wien.  klin.  Woch.,  March  10,  1904,  p.  267;  Mathews,  Annals  of  Surgery,  Nov., 
1904,  p.  698;  de  Quervain,  C-orresp.  Blatt.  f.  Schweizer  Aertze,  vol.  xxxii,  No.  15. 

2 Goodman,  Annals  of  Surgery,  July,  1907;  Hunner  and  Harris,  Bull,  of  Johns 
Hopkins  Hospital,  June,  1902,  vol.  xiii,  p.  135;  Krause,  Berl.  klin.  Woch.,  May  9, 
1904;  Huber,  Arch,  of  Pediatrics,  Dec.,  1904;  Galvagne,  Annales  des  Maladies  des 
Organes  Genito-Urinaires,  1904,  No.  13,  p.  1039;  Wynn,  Lancet,  Feb.  11,  1905^.352. 
See  also  Gonococcus,  p.  78. 

3 Boston  Med.  and  Surg.  Jour.,  Dec.  10,  1903. 

4 Lancet,  Feb.  25,  1905,  p.  474. 

5 Boston  Med.  and  Surg.  Jour.,  March  23,  1905,  p.  346. 

6 See  page  82;  also  Cerebrospinal  Meningitis. 

7 Cornet,  Tuberculosis,  Acute  General  Miliary  Tuberculosis,  Nothnagel’s 
Encyclopedia,  American  edition,  1904,  p.  189;  Grober,  Centralbl.  f.  inn.  Med., 
1902,  No.  10;  Murray,  Lancet,  1902;  Bonney,  Med.  News,  Feb.  18,  1905,  p.  289. 
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mated  at  from  fifty-five  per  cent,  to  ninety-four  per  cent,  of  all  cases 
observed;  the  studies  of  Eichhorst  indicate  that  sixty  per  cent,  to  sixty  - 
five  per  cent,  of  those  with  serous  effusion  contain  fluid  capable  of  produc- 
ing tuberculosis  in  inoculated  animals. 

Among  the  bacteria  occasionally  found  in  serositis  may  be  mentioned 
the  bacillus  of  Friedlander,  Bacillus  pyocyaneus,  Bacillus  pyogenes 
foetidus,  Bacillus  aerogenes  capsulatus,  and,  although  less  commonly, 
other  anaerobic  bacteria.1  In  exceptional  cases  the  condition  is  produced 
by  members  of  the  actinomyces  'group.2  Schwartz3  reports  a case  ol 
appendicitis  and  encysted  peritonitis  due  to  a )^east. 

Classification  of  serous  membrane  inflammations  may  be  based  on 
the  etiology,  extent,  and  duration,  or  the  clinical  and  anatomic  characters. 
Those  inflammations  not  due  to  bacteria  or  their  toxins  were  called  sim- 
ple, and  distinguished  from  the  infective  by  the  absence  of  microorgan- 
isms. Extended  knowledge  indicates  that  serositis,  in  practically  all 
its  forms,  is  infective  in  origin,  and  the  more  recent  tendency  is  to  give 
up  such  names  as  simple  pleurisy  and  simple  pericarditis.  Idiopathic  or 
■cryptogenic  inflammations  include  those  in  which  the  source  of  the  infec- 
tion cannot  be  determined.  Inflammations  in  which  the  infection  was 
introduced  from  without,  as  by  operation  and  other  wounds,  are  called 
exogenous.  Those  resulting  from  invasion  of  a serosa  by  infectious 
processes  originating  in  some  adjacent  structure  are  known  as  endog- 
enous, and  include  the  so-called  secondary  form  of  serous  membrane 
inflammation. 

In  certain  cases  names  are  utilized  to  indicate  the  extent  of  the  in- 
flammatory process;  in  localized  or  circumscribed  serositis , a part  only 
of  the  affected  serous  membrane  is  involved;  in  the  general  or  diffuse 
form  the  entire  serosa  is  inflamed.  Parietal  and  visceral  forms  have  been 
described.  Some  of  the  localized  types  of  serous  membrane  inflamma- 
tion have  received  special  names  indicating  the  particular  part  of  the 
serosa  affected.  As  examples  of  this  method  of  classification  may  be  men- 
tioned pelvic  peritonitis,  diaphragmatic  pleurisy,  interlobar  pleurisy, 
apical  pleurisy,  and  basilar  meningitis;  with  this  group  also  belong 
periappendicitis,  pericolitis,  pericolitis  sinistra  (perisigmoiditis),  and 
mediastinal  pleurisies.  Acute  and  chronic  inflammations  of  the  omentum 
(epiploitis)  are  usually  associated  with  general  peritonitis  but  may 
attend  such  localized  lesions  as  appendicitis  and  perforating  gastric 
ulcer. 

The  terms  acute  and  chronic,  as  applied  to  serous  membrane  inflamma- 
tion, usually  imply  something  more  than  mere  duration,  and  constitute 
a basis  upon  which  anatomic  classification  rests.  The  study  of  the  mor- 
bid anatomy  of  serous  membrane  inflammations  renders  it  possible  to 
divide  the  acute  into  (i)  serous,  (2)  serofibrinous,  (3)  fibrinous  or  plastic, 
and  (4)  suppurative.  Some  of  the  chronic  inflammations  of  the  serous 
membrane  may  be  little  more  than  the  consequences  of  the  acute  forms. 
It  is  possible,  however,  to  recognize  certain  subdivisions  and  more  or 
less  distinct  types.  Nicholls4  suggests  dividing  the  chronic  inflamma- 

1 Ghon  and  Sacs,  Centralbl.  f.  Bakt.,  Jan.  25,  1905,  p.  x,  and  Feb.  18,  1905,  p.  131. 

2 MacCallum,  Centralbl.  f.  Bakt.,  May  14,  1902,  also  Mathews,  Practitioner, 
Feb.,  1905,  p.  197. 

3 Revue  de  Chir.,  July,  1903,  p.  122. 

4 American  Medicine,  June  21,  1902,  p.  1062;  Jour.  Amer.  Med.  Assoc.,  March 
14,  1903,  p.  696;  and  Studies  from  the  Royal  Victoria  Hospital,  Montreal,  April, 
1902,  vol.  x,  No.  3. 
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tions  into  (1)  exudative,  (2)  exudative  and  adhesive,  and  (3)  chronic 
hyperplastic;  the  latter  is  also  called  progressive  hyaloserositis. 

Morbid  Anatomy  of  Acute  Serositis. — In  this  form  it  is  usually  possible  to 
recognize  definite  stages  though  they  often  blend  so  that  distinct  separation 
of  one  from  another  may  be  quite  impossible.  In  some  cases  the  inflamma- 
tion seems  to  linger  in  one  stage  or  the  phenomena  may  be  restricted  to 
those  that  are  ordinarily  observed  in  this  particular  period  in  the  evolu- 
tion of  a serositis.  In  the  first  stage  the  membrane  is  dry,  red,  and  injected, 
slightly  opaque,  and  perceptibly  roughened.  It  may  be  sticky,  and  it 
always  presents,  over  the  inflamed  area,  a dull  or  velvety  surface,  in  con- 
trast to  the  shining  luster  of  the  normal.  Histologically,  at  this  stage 
the  subserous  capillaries  are  distended  with  blood.  The  areas  of  capil- 
lary hyperemia  are  scattered  over  the  membrane  irregularly,  and  appear 
as  though  smears  of  carmin  stain  had  been  daubed,  here  and  there,  over 
the  affected  membrane;  the  diffuse  character  of  the  discoloration  has 
been  likened  to  a blush;  rarely,  if  ever,  is  the  hyperemic  capillary  dis- 
tention universal.  The  morbid  physiology  is  shown  in  the  friction  sounds 
discernible  on  auscultation,  and  the  fremitus,  both  of  which  are  due 
to  the  friction  of  roughened  and  dry  surfaces  rubbing  against  each  other. 
The  pain  of  this  stage  is  probably  the  result  of  mechanical  injury  to  the 
nerve  filaments,  and  chiefly  to  the  irritation  of  the  nerves  by  bacterial 
toxins  and  the  chemic  bodies  engendered  by  the  changes  in  cell  metabo- 
lism. It  seems  probable  that  the  fever  is  due  to  the  same  bodies  entering 
the  circulation. 

The  second  stage  corresponds  to  the  formation  of  the  exudate,  and 
might,  with  propriety,  be  called  the  stage  of  exudation.  The  liquor 
sanguinis  escapes  from  the  distended  capillaries,  and,  upon  reaching  the 
surface  of  the  membrane,  splits  into  fibrin  and  serum,  the  former  coating 
the  surface  of  the  serosa,  the  latter  finding  room  in  the  cavity.  With 
the  escape  of  the  plasma  the  leukocytes  migrate  into  the  fibrinous  and 
serous  exudate.  It  is  also  probable  that  the  flattened  connective-tissue 
cells  are  to  some  degree  detached.  Should  the  exudate  be  slight,  and 
should  the  serum  be  rapidly  absorbed,  but  little  remaining  in  the  cavity, 
clinically  the  inflammation  is  spoken  of  as  plastic  or  fibrinous;  if,  how- 
ever, the  effusion  be  rich  in  serum  and  poor  in  cells  and  fibrin,  the  process 
is  called  serous.  In  the  serofibrinous  serositis  the  exudate  is  usually  large, 
and  the  fibrin  and  cells  abundant.  If  the  first  stage  be  called  the  stage  of 
engorgement  or  hyperemia,  the  appearance  of  the  exudate  initiates  the 
stage  of  exudation. 

In  this  stage  the  membrane  is  found  either  partly  or  completely  cov- 
ered with  fibrin,  the  degree  of  cohesion  being  dependent  upon  the  thick- 
ness of  the  layer  and  upon  its  age.  The  fluid  in  the  serous  sac  differs 
from  the  normal  serum  in  that  it  is  opaque  and  contains  fibrinous  flocculi; 
the  opacity  is  partly  the  result  of  the  fibrin  present,  but  is  chiefly  due 
to  the  large  number  of  suspended  leukocytes.  The  soft,  downy  mass  of 
fibrin  hanging  in  shreds  has  led  to  the  heart  at  this  stage  being  called  the 
cor  villosum;  it  is  also  known  as  the  cor  hirsutum.  (See  Fig.  213.)  Laennec 
compared  the  appearance  to  that  resulting  from  the  separation  of  two 
smooth  surfaces  of  wood  between  which  had  been  pressed  a pat  of  butter, 
and  hence  the  term  “bread-and-butter  appearance.”  The  thick, 
shaggy  layer  may  remain  adherent  to  the  membrane,  or  the  fibrin  may 
be  whipped  off  to  a greater  or  lesser  degree  by  the  movements  of  the  in- 
closed organ.  The  color  varies.  Commonly  the  inflammatory  exudate 
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is  white  or  yellowish-white;  sometimes,  however,  it  is  brown,  yellowish- 
brown,  or  even  brownish-red.  These  modifications  in  color  are  due  to 
the  dissolution  of  hemal  elements  in  the  exudate.  In  the  earlier  stages 
the  exudate  may  be  readily  stripped  from  the  serous  surface,  and  may 
even  show  lamination,  as  though  successive  layers  had  been  thrown  out, 
the  lowermost  and  overlying  strata  being  pushed  upward  by  the  succeed- 
ing layer.  The  amount  of  serum  present  in  the  cavity  determines 
whether  inflammation  should  be  called  in  this  stage  dry  or  moist.  Where 
absorption  has  been  rapid  and  the  serum  has  thereby  been  removed  as 
rapidly  as  formed,  or  nearly  so,  the  serositis  is  said  to  be  dry,  plastic,  or 
fibrinous. 

The  studies  of  Beattie1  were  directed  toward  determining  the  period 
at  which  the  different  elements  appeared  in  the  inflammatory  exudate; 
working  with  various  bacteria,  including  pyogenic  staphylococci  and 
tubercle  bacilli,  and  also  with  foreign  bodies,  he  found  that  during  the 
first  two  hours,  following  the  application  of  the  irritant,  the  fluid  was 
clear,  resembling  normal  serum.  In  from  one  to  two  hours  after  the 
injection  the  polymorphonuclear  cells  began  to  appear  in  numbers, 
and  by  the  third  hour  were  greatly  increased.  In  from  four  to  eight 
hours  migration  of  the  mononuclear  leukocytes  began,  and  by  the  twelfth 
hour  these  cells  were  fairly  abundant.  Turbidity  and  viscosity  of  the 
fluid  became  progressively  more  intense,  reaching  the  maximum  about 
twenty-four  to  forty-eight  hours  after  the  introduction  of  the  irritant. 
After  this  time  the  character  of  the  fluid,  in  fatal  cases,  was  different 
from  that  in  animals  which  recovered.  In  nonfatal  cases  the  fluid 
increased  and  was  more  abundant  in  fifty-four  to  seventy-two  hours; 
during  this  time  the  exudate  appeared  watery,  by  the  fourth  day  it  was 
clear,  and  by  the  fifth  normal.  In  these  cases  polymorphonuclear 
cells,  abundant  during  the  first  day  and  a half,  became  less  conspic- 
uous and  disappeared  between  the  sixtieth  and  seventieth  hours.  Beat- 
tie  is  of  the  opinion  that  the  mononuclear  cells  are  derived  from  the 
blood  and  also  from  the  endothelium,  particularly  of  the  omentum. 
The  polymorphonuclear  leukocytes,  lymphocytes,  hyaline  cells,  endothe- 
lium, and  plasma  cells,  all  manifest  varying  degrees  of  phagocytic  power. 

The  specific  gravity  of  the  fluid  is  usually  higher  than  in  the  pure 
transudates  and  may  be  1.040;  commonly  it  varies  between  1.015  and 
1.025.  As  a result  of  destruction  of  the  leukocytes,  the  xanthin  bases 
are  increased.  Galdi  and  Appiani2  have  shown  that  the  quantity  of 
uric  acid  is  proportionate  to  the  specific  gravity,  the  total  amount  of 
hydrogen,  and  quantity  of  proteids,  all  of  which  are  increased.  Urea, 
sugar,  and  peptone  are  usually  present.  Coriat3  has  demonstrated 
Bence-Jones  albumin  in  the  fluid  from  pleuritic  effusion. 

The  amount  of  accumulated  exudate  in  the  pericardial  cavity  may 
be  from  100  c.c.  to  200  c.c.;  occasionally  as  much  as  a liter,  and  rarely 
more.  According  to  Aporti,4  pericardial  effusions  amounting  to  less 
than  150  c.c.  to  250  c.c.  can  not,  with  certainty,  be  clinically  detected, 
and  distensibility  of  the  pericardium  does  not  permit  the  rapid  forma- 
tion of  an  exudate  exceeding  650  c.c.  to  700  c.c.  When  the  fluid  accu- 
mulates more  slowly,  has  been  withdrawn  and  permitted  to  reform, 

1 Jour,  of  Path,  and  Bact.,  vol.  viii,  June,  1902. 

2 Rif.  Med.,  Dec.  14,  1904. 

3 Amer.  Jour,  of  Med.  Sci.,  Oct.,  1903,  p.  631. 

4 Centralbl.  f.  inn.  Med.,  July  14,  1900. 
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or  is  purulent,  the  pericardial  sac  slowly  yields  and  may  readily  contain 
larger  amounts.  When  the  quantity  of  fluid  exceeds  200  c.c.  or  300  c.c. 
the  intrapericarclial  pressure  becomes  notably  augmented.  Glynn1 2 
found  that  in  an  accumulation  of  approximately  700  c.c.  in  a boy  aged 
seventeen  years,  the  pressure  at  the  beginning  of  paracentesis  peri- 
cardii was  +2.1  cm.,  and  at  the  end  of  the  operation  fell  to  —2  cm. 
The  quantity  of  fluid  in  the  pleura  is  influenced  by  the  presence  of  ad- 
hesions, the  character  and  duration  of  the  inflammation,  and  com- 
monly is  larger  on  the  right  than  on  the  left  side.  Of  the  200  cases 
studied  by  Delafield,3  the  quantity  was  between  3000  c.c.  and  3500  c.c. 
in  6;  between  2000  c.c.  and  2500  c.c.  in  23;  1500  c.c.  to  2000  c.c.  in  37; 
1000  c.c.  to  1500  c.c.  in  55;  500  c.c.  to  1000  c.c.  in  49;  and  in  30  cases 
there  was  between  100  c.c.  and  400  c.c.  The  quantity  of  fluid  may 
far  exceed  the  maximum  observed  in  Delafield’s  cases.  The  changes 
in  pressure  result  in  the  lung  being  displaced  backward,  upward,  and 
inward  toward  the  hilum  of  the  organ,  the  mediastinal  tissues  are  forced 
toward  the  unaffected  side,  and  the  diaphragm  descends.  During  the 
earlier  stages  of  the  process  spasticity  of  the  intercostal  muscles  narrows 
the  space  between  the  ribs,  and  later  degenerative  and  necrotic  changes 
affecting  these  structures3  may  be  followed  by  relaxation  and  inter- 
costal bulging.  Rohrer4  was  the  first  to  demonstrate  structural  changes 
in  the  diaphragm  resulting  from  inflammation  of  either  one  of  the  three 
contiguous  serosae;  I have  been  able  to  verify  his  observations.5  In 
many  cases  of  pleurisy  the  lymphatics  of  the  pulmonary  tissue  con- 
tain leukocytes  and  fibrin,  and  similar  bodies  have  been  found  in  the 
lymph-nodes  of  the  hilum  of  the  lung.  In  inflammation  of  the  peri- 
toneum the  analogous  abdominal  structures  show  essentially  the  same 
changes.  In  both  locations  the  alteration  is  produced  by  irritants 
traversing  the  lymphatics  draining  the  affected  area.  In  this  way  the 
lymphogenous  interstitial  pneumonia , which  may  be  suppurative  or, 
in  the  more  chronic  cases,  fibroid,  is  produced.  In  the  heart  the 
myocardium  contiguous  to  the  inflamed  serosa  is  frequently  degen- 
erated and  may  be  infiltrated  by  the  inflammatory  products  ( pericardio - 
myocarditis).  In  meningitis6  the  contiguous  nervous  tissue  is  the  seat 
of  manifest  degenerative  changes  and  the  nerve-trunks  of  the  affected 
area  are  infiltrated.  Laignel-Lavastine7  has  shown  that  in  peritonitis 
the  solar  plexus  is  affected;  in  the  acute  manifestations  the  lesions  are 
essentially  parenchymatous;  in  the  chronic  cases  the  interstitial  changes 
are  more  conspicuous. 

The  morbid  histology  of  this  stage  is  characterized  by  a reduction  in 
the  size,  and  a less  crowded  condition,  of  the  subserous  capillaries,  which 
have  been  largely  relieved  by  the  escape  of  those  materials  entering  into 
the  formation  of  the  exudate.  The  layer  of  fibrin,  on  section  and  in  teas- 
ings, contains  abundant  leukocytes  and  a few  erythrocytes;  the  endothelial 


1 Jour.  Amer.  Med.  Assoc.,  June  1,  1901. 

2 Amer.  Jour,  of  Med.  Sci.,  Dec.,  1902,  p.  939. 

3 Coplin,  Amer.  Jour,  of  Med.  Sci.,  May,  1904;  Proceed,  of  the  Path.  Soc.  of 
Phila.,  Jan.  28,  1904. 

4 Maryland  Med.  Jour.,  Sept.,  1902,  p.  391. 

5 For  illustration  showing  coagulation  necrosis  in  intercostal  muscles  see  Fig. 

117,  p-  243- 

6 See  Cerebrospinal  Meningitis. 

7 Arch,  de  Med.  exper.  et  d’Anat.  path.,  Jan.,  1905,  p.  54. 
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cells  will  be  seen  desquamating,  the  process,  at  points,  being  laminated; 
masses  of  these  elements  occur  far  up  in  the  fibrinous  layer. 

The  morbid  physiology  of  the  exudative  stage  is  manifested  by  the 
altered  functional  activity  of  the  encumbered  viscus,  or  viscera,  and  the 
results  of  the  toxic1  action  of  metabolic  products  derived  from  the  bacteria 


Fig.  213. — Heart  Showing  Villous  Pericarditis;  Ascending  and  Transverse  Portion  of  Arch  of 
Aorta,  Showing  Aneurysm  with  Contained  Clot,  and  Ruptures  into  Pulmonary  Artery 
and  Pericardium. 

A.  Part  of  the  parietal  pericardium,  showing  the  fibrinous  deposit  and  minute  villi.  A similar  appearance 
is  present  on  the  visceral  pericardium.  B.  Innominate  artery.  C.  Left  common  carotid.  D.  Left 
subclavian.  E.  Catheter  passing  through  the  clot  in  the  aneurysm  of  the  aorta  and  into  the  pul- 
monary artery,  following  the  course  of  the  rupture  into  the  last-named  vessel.  F.  Continuation  of  the 
same  catheter  into  the  right  ventricle  through  the  orifice  of  the  pulmonary  artery.  A section  was  cut 
out  of  the  catheter  in  order  to  show  position  of  aortic  cusps.  G.  Catheter  passed  from  the  aneurysmal 
cavity  through  the  thrombus  and  pericardium  and  entering  the  pericardial  cavity  into  which  the  aneu- 
rysm ruptured.  There  were  clinical  and  pathologic  reasons  for  believing  that  the  rupture  into  the 
pulmonary  artery  was  old — probably  several  weeks.  The  rupture  into  the  pericardia!  cavity  was 
recent,  and  had  been  the  immediate  cause  of  death.  H . Inferior  thyroid  artery.  I.  Wall  of  aneurysm. 
J . Laminated  thrombus,  through  the  center  of  which  the  circulation  had  been  maintained.  Above 
the  leader  from  the  letter  J are  shown  four  slit-like  areas  that  contained  dark  clots  of  blood  (red 
thrombi).  The  remainder  of  the  thrombus  was  white. 


and  tissues.  If  an  abundant  exudate  be  present,  pressure  will  influence 
the  action  of  the  environed  organ  and  will  mechanically  impede  its  func- 
tion. Friction  sounds,  when  previously  present,  disappear  if  the  exudate 
be  sufficient  to  force  the  two  layers  apart  and  fibrin  covers  the  rough- 

1 Courmont,  Arch  Internat.  d.  Pharmacodyn.  e.  d.  Therapie,  vol.  viii,  1900. 
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ened  serous  surfaces.  The  fever  may  be  kept  up  by  the  absorption 
of  the  metabolic  products;  these  also  induce,  not  uncommonly,  phe- 
nomena not  usually  due  to  pyrexia  alone:  e.  g.,  suppression  of  excre- 
tion and  nervous  symptoms.  The  fibrinous  exudate  may  so  conceal  and 
obstruct  access  to  the  lymphatic  and  vascular  exits  as  to  preclude  resorp- 
tion of  the  serum  or  its  pyrogenous  constituents,  and  hence  no  systemic  phe- 
nomena due  to  their  absorption  will  be  manifest.  When  percussion  and 
auscultation  are  permissible,  as  in  pleurisy,  pericarditis,  and  peritonitis, 
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Fig.  214. — Vertical  Section  through  an  Inflamed  Serosa  after  the  Formation  of  the  Fibrinous 

Exudate.  ( Schmaus .)  X 250  diameters.  _ 

a.  Subpericardial  fat.  b.  Swollen  membrane,  the  surface  of  which  is  contiguous  to  and  blends  with  the 
overlying  fibrinous  deposit  c.  c.  Layer  of  fibrin  in  which  are  numerous  leukocytes,  o,  and  into 
which,  at  e,  are  developing  blood-vessels. 


the  phenomena  associated  with  the  presence  of  solids  or  liquids  in  the 
affected  cavities  may  be  found:  e.  g.,  dullness. 

Exactly  how  long  the  stages  of  engorgement  and  exudation  may 
last  cannot  be  approximated  with  any  degree  of  accuracy;  their  dura- 
tion varies,  the  conditions  inducing  the  variation  being  but  indifferently 
understood;  the  cause,  the  severity  of  the  attack,  the  condition  of  the 
patient,  whether  weak  or  strong,  are  undoubted  determining  factors. 
The  stages  may  be  prolonged  or  brief,  and  just  what  determines  this 
cannot  always  be  definitely  stated;  sooner  or  later,  if  the  patient  survives, 
repair  proceeds  as  follows: 

In  this  stage  the  connective-tissue  cells,  and  possibly  some  of  the 
mononuclear  leukocytes,  present  in  the  wall  of  fibrin  proliferate  and  con- 
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vert  the  layer  into  embryonic  tissue;  young  blood-vessels  are  developed 
from  the  subserous  layers,  and  lymphatic  connection  is  re-established. 
The  facility  with  which  young  blood-vessels  shoot  up  into  the  new  tissue 
is  marvelous,  and  to  the  rapidity  with  which  this  process  of  organization 
develops,  modern  surgery  owes  many  of  its  most  brilliant  achievements. 
The  leukocytes  and  young  proliferating  connective-tissue  cells,  the  prog- 
eny of  the  endothelial  lining,  constitute  a small,  round-cell  mass  known 


Fig.  216. — Intercostal  Muscle,  Case  op 
Empyema. 

Transverse  section,  from  a case  of  suppura- 
tive pleurisy  of  several  months’  duration, 
showing  advanced  fibrosis  and  lipomatous 
change.  Tissue  fixed  in  Zenker’s  fluid; 
hematoxylin  and  eosin  stain. 

A.  One  of  several  granular  fibers,  some  of 
which  are  fragmented  and  undergoing  ab- 
sorption. B.  A small  group  of  greatly 
shrunken  muscle  fibers.  C.  Relatively  large 
mononuclear  cell,  not  very  abundant,  but 
commonly  associated  with  fibroblastic  ele- 
ments. D.  The  leader  from  this  letter 
passes  between  two  imperfectly  presented 
fat  bodies,  a number  of  which  are  present 
in  the  newly  forming  or  formed  fibrous 
tissue.  The  fat  content  is  scanty  in  the 
particular  field  from  which  this  drawing 
was  made. 


Fig.  215. — Intercostal  Muscle. 

Transverse  section,  from  a case  of  epipneumonic 
pleurisy,  showing  dissociation  of  fibers,  interfascic- 
ular leukocytic  infiltration,  and  slight  fibrin  forma- 
tion. Tissue  fixed  in  Zenker’s  fluid;  hematoxylin 
and  eosin  stain. 

A,  A,  A.  Granular  and  fragmented  muscle-fibers. 
B.  Accumulation  of  leukocytes  and  fibrin  around 
and  extending  between  the  muscle-fibers.  In 
some  areas  the  change  is  more  marked  than  in 
others,  and  at  points  many  polymorphonuclear 
leukocytes  can  be  seen. 


as  embryonic  or  formative  tissue;  when  the  young  blood-vessels  per- 
meate this  structure — in  other  words,  when  it  becomes  vascularized — 
it  is  known  as  granulation  tissue.  The  next  step  is  the  organization  of 
this  into  fibrous  connective  tissue,  which,  becoming  smoothed,  gives  a 
surface  functionally  normal;  but  as  all  organizing  tissue  manifests  a ten- 
dency to  contract,  grave  results  may  ensue  in  the  structures  beneath. 
Following  meningeal  inflammation,  pressure  upon  nerves  leaving  the 
brain  may,  by  constriction,  lead  to  degeneration  and  entire  loss  of  con- 
ducting power,  paralyses,  blindness,  or  deafness  being  thereby  produced. 
30 
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Over  the  lung  the  contraction  may  preclude  re-expansion  and  favor  the 
continued  presence  of  the  serous  exudate.  A band  around  the  intestine 
may  cause  narrowing,  and  eventually  obstruction.  In  the  pericardium, 
however,  it  is  not  believed  that  the  contraction  does  sufficient  harm  to 
merit  consideration.  If  adhesions  attach  the  heart  to  contiguous  struc- 
tures— chest  wall,  diaphragm,  or  mediastinum — the  expansion  of  the  organ 


Fig.  217. — Pericardium  (over  Auricle);  Acute  Serofibrinous  Pericarditis  Engrafted  on  a Serosa 

the  Site  of  Past  Inflammations. 

A.  Portion  of  auricular  myocardium.  A to  B.  Greatly  thickened  pericardium  composed  of  relatively  dense 
fibrous  tissue,  upon  the  surface  of  which  is  attached  the  product  of  a recent  inflammation;  the  latter 
is  composed  of  fibrin  and  formative  elements,  the  former  having  largely  disappeared.  C,  C,  C.  Three 
young  vessels;  many  others  can  be  seen  in  the  drawing.  The  surface,  above  the  upper  C,  has  not  been 
reached  by  the  young  vessels. 


may  be  little  influenced,  the  principal  danger  lying  in  the  fact  that,  at 
each  contraction,  the  attached,  often  rigid  structures  pull  upon,  and 
resist  reduction  in  the  size  of  the  heart  necessary  in  order  to  empty  its 
cavities.  Riesman1  believes  that  pericarditis  is  more  damaging  to  the 
heart  than  is  endocarditis. 

Adhesions  between  two  layers  of  a serous  membrane — e.  g.,  the  peri- 
cardium— are  brought  about  by  the  two  fibrinous  surfaces  coming  to- 
gether at  any  stage  of  the  inflammation  before  organization  is  well  under 
way.  In  the  recent  state  the  fibrinous  layers,  if  brought  in  contact,  are  at 

1 Amer.  Jour,  of  Med.  Sci.,  Sept.,  1904,  p.  466. 
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once  agglutinated,  and  it  is  not  improbable  that,  in  the  embryonic  tissue 
stage  of  the  inflammation,  or  even  when  vascularization  is  well  advanced, 
cohesion  of  the  two  surfaces,  followed  by  an  organized  adhesion,  is  possible. 
After  agglutination  of  the  fibrin-covered  surfaces,  or  in  the  later  stages 
when  the  contact  is  intimate  and  prolonged,  the  young  blood-vessels 
anastomose  and  pass  from  one  side  to  the  other,  organization  into  fibrous 
tissue  ensues,  following  the  lines  already  indicated,  and  an  adhesion  is 
the  result.1  The  constant  movement  of  the  heart  probably  precludes 
general  union  of  the  pericardial  layers  at  a single  attack,  but  in  the  pleura 
it  is  not  improbable  that  the  entire  sac  may  be  obliterated  by  the  first 
pleurisy  that  occurs,  especially  if  the  process  be  of  the  plastic  type. 
Whether  adhesions  form  or  not,  the  serous  membrane  remains  permanently 
thickened.  Into  this  new  tissue  lime  salts  or  fat  may  be  deposited.  In 


Fig.  218. — Section  through  Margin  of  Adhesion  Between  Parietal  and  Visceral  Pleura. 

A.  Part  of  fibrous  sheath  of  intercostal  muscle,  beneath  which  is  a stratum  of  fat.  B.  Parietal  (costal) 
pleura.  C.  Visceral  (pulmonary)  pleura.  D.  Interlobular  septum  somewhat  thickened.  E.  Ad- 
hesion composed  of  formed  and  newly  forming  fibrous  tissue  continuous  with  similar  elements  in 
the  costal  and  pulmonary  pleura. 


the  former  instance  the  condition  is  known  as  calcification;  in  the  latter, 
as  fatty  infiltration.  When  the  inflammatory  process  is  associated  with 
the  deposit  of  lime  salts,  the  terms  pleuritis  petrificans,  pericarditis  petrif- 
icans,  or  calcifying  serositis  may  be  applied. 

An  opportunity  to  study  the  formation  of  adhesions  is  afforded  in  almost 
all  surgical  operations  upon  serous  surfaces.  When  a wound  involves 
the  intestine  the  two  serous  surfaces  are  brought  together  by  sutures; 
along  the  line  of  contact  exudation  of  liquor  sanguinis  and  the  migration 
of  leukocytes  occur;  the  former  separates  into  fibrin  and  serum,  the  fibrin 
forming  a temporary  cement  and  binding  the  two  apposed  surfaces  to- 
gether. The  rapidity  with  which  this  preliminary  agglutination  occurs 
is  well  illustrated  in  the  case  reported  by  Oliver,2  in  which,  after  five  hours, 
the  sutured  intestinal  wall  had  formed  a water-tight  joint.  Embryonic 
tissue  is  formed,  followed  by  granulation  tissue,  and  later  by  a cicatrix 
uniting  the  surfaces  along  the  line  of  suture.  This  cicatrix  is  an  adhesion, 
the  histology  and  mode  of  development  of  which  are  practically  identical 

1 Compare  with  union  by  first  intention,  p.  296. 

2 Cincinnati  Acad,  of  Med.,  Jan.  28,  1901. 
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with  the  formation  of  adhesions  in  pericarditis,  pleurisy,  inflammations  of 
tendon-sheaths,  in  fact  any  serosa. 

Suppurative  serositis  results  from  infection  of  a serous  membrane  by 
bacteria  introduced  from  without,  as  by  wounds  and  injuries,  or  from 
some  body-cavity  normally  containing  microorganisms,  such  as  the  ali- 
mentary canal,  or  is  the  result  of  extension  of  infection  from  a viscus 
covered  by  the  serosa;  sometimes  the  infecting  germs  reach  the  serous 
membrane  by  the  blood-stream,  and  occasionally  through  the  lymphatic 
vessels.  Suppuration  in  the  peritoneum  (pyoperitoneum)  is  due  to  infec- 
tion from  some  intra-abdominal  viscus,  as  the  appendix,  perforated  intes- 
tine, duodenum,  or  stomach,  infections  of  the  gall-bladder  and  liver, 
abscesses  of  the  spleen,  kidney,  pararenal  structure,  or  abdominal  wall; 
the  bacteria  may  enter  the  peritoneum  from  the  genito-urinary  and 
reproductive  organs.  In  the  female  the  uterus  and  its  appendages 
frequently  constitute  the  atrium  through  which  infection  occurs.  Hem- 
atogenous and  lymphogenous  infections  occur,  but  are  less  frequent. 
Occasionally  infection  results  from  rupture  of  mesenteric  or  retroperi- 
toneal lymph-nodes.  It  is  to  be  remembered  that  by  propagative  infec- 
tion bacteria  may  pass  through  the  wall  of  a hollow  viscus  (intestine, 
gall-bladder,  uterus)  in  the  absence  of  any  structural  alteration  that 
could  be  called  a perforation.  The  peritoneum  may  be  infected  from 
the  thoracic  serosae,  or  by  wounds  from  without.  Suppurative  serositis 
affecting  the  pleura  (empyema,  pyothorax,  suppurative  pleurisy)  com- 
monly results  from  extension  from  the  lung,  particularly  after  pneu- 
monia (especially  in  children) , and  in  tuberculosis  associated  with  cavity 
formation;  less  commonly  the  infection  reaches  the  pleura  from  disease  of 
the  thoracic  wall,  esophagus,  lymph-nodes,  or  other  mediastinal  tissue, 
or  from  a sub-diaphragmatic  organ,  as  the  liver,  spleen,  or  stomach. 
Septic  pulmonary  infarcts  and  gangrene  of  the  lung  are  sometimes  causes; 
the  pleura  is  occasionally  infected  from  the  blood-stream.  The  disease 
is  common  in  children,  particularly  between  the  first  and  fifth  and  the 
eighth  and  ninth  years.  Bythell1  is  of  the  opinion  that  the  condition 
is  always  secondary,  and  that  the  so-called  primary  cases  are  infections 
from  undiscovered  patches  of  pneumonic  consolidation.  Jurewitsch2 
attributes  the  so-called  idiopathic  empyemata  to  infection  from  a pul- 
monary lymphangitis.  Penetrating  wounds  of  the  chest,  and  even  blows 
and  injuries  without  solution  in  the  continuity  of  the  thoracic  wall,  may 
give  rise  to  empyema.  Echinococcal  disease  in  contiguous  structures 
may  suppurate  and  infect  the  pleura. 

The  bacteriology  of  empyema  is  essentially  that  of  serositis.3  The 
studies  of  Bythell,  Foulerton,4  Nathan,5  Cotton,6  and  others  may  be 
epitomized  in  the  statement  that  seventy-five  per  cent,  of  the  empye- 
mata in  adults  and  about  twenty-five  per  cent,  in  children  are  due  to  the 
streptococcus;  seventy-five  per  cent,  of  the  cases  in  childhood  and  twenty- 
five  per  cent,  in  adults  are  due  to  the  pneumococcus.  The  other  bacteria 
found  in  suppurative  pleurisy  are  the  usual  pyogenic  organisms  to  which 
reference  has  already  been  made.7 

1 Jour,  of  Path,  and  Bact.,  March,  1904,  p.  359,  and  July,  p.  365. 

2 Munch,  med.  Woch.,  March  15,  1904,  p.  480. 

3 See  page  457. 

4 Lancet,  Aug.  17,  1901. 

5 Arch.  f.  Kinderheilk.,  1904,  Bd.  xxxvi. 

6 Boston  Med.  and  Surg.  Jour.,  July  17,  1902,  p.  63. 

7 See  page  457- 
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Suppurative  pericarditis  (pyopericardium)  is  usually  the  result  of 
pneumonia,  but  may  be  associated  with  infection  of  any  contiguous 
structure,  particularly  the  pleura;  the  membrane  may  also  suffer  from 
infection  beginning  in  some  adjacent  abdominal  viscus.  Occasionally 
pericarditis  is  secondary  to  suppurative  lesions  of  the  myocardium  or 
endocardium,  or  due  to  hematogenous  infection.  I have  seen  it  follow 
ulcerative  lesions  of  the  esophagus  and  suppuration  of  a contiguous 
lymph-node.  Batten1  observes  that  suppurative  pericarditis  is  seldom 
suspected,  rarely  diagnosed,  hardly  ever  treated,  though  it  is  present  in 
three  per  cent,  of  all  dead  children;  the  accuracy  of  this  statement  can- 
not be  doubted,  and  my  experience  indicates  that,  so  far  as  recognition 
of  the  condition  is  concerned,  it  applies  to  adults  about  as  well  as  to  infants. 

Suppurative  meningitis  may  result  from  hematogenous  infection,  the 
extension  of  suppurative  processes  from  the  skull  or  vertebrae,  and 
wounds  and  injuries  that  involve  the  bony  case  surrounding  the  brain 
and  cord.  Maragliano2  has  shown  that  infection  may  occur  from  the 
nasal  and  frontal  sinuses.  The  condition  frequently  is  associated  with 
middle-ear  disease. 

Suppurative  arthritis,  thecitis,  and  bursitis  usually  result  from  infected 
wounds  or  bacteria  brought  by  the  blood-stream.  Joints  are  frequently 
infected  from  the  adjacent  bone. 

Morbid  Anatomy  of  Suppurative  Serositis. — There  has  been  consider- 
able discussion  as  to  whether  acute  purulent  inflammations  of  the  serous 
membranes  were  preceded  by  the  occurrence  of  serofibrinous  exudates. 
My  own  belief  is  that  in  most  of  these  cases,  even  when  primarily  sup- 
purative, an  exudate  containing  serum  or  fibrin  is  practically  always 
formed;  Beattie’s  studies  support  this  view,  and  certainly  at  autopsy 
suppurative  serositis  without  the  presence  of  distinct  fibrin-bearing 
areas  is  an  exception.  The  chief  anatomic  difference  between  suppura- 
tive inflammation  and  typical  serofibrinous  serositis  is  the  enormous 
number  of  polymorphonuclear  leukocytes  present  in  the  former.  Fluidi- 
fication3 of  the  exudate  and  accumulation  of  pus  cells  progress  during 
the  activity  of  the  infection.  Opie4  has  shown  that  liquefaction  of  the 
fibrin  is  an  autolytic  process  accomplished  by  leucoprotease,  an  enzyme 
contained  in  the  migrated  leukocytes.  Swelling  and  proliferative  changes 
are  constantly  observed  in  the  subserosa.  In  chronic  suppurative  se- 
rositis, with  attempted  organization  of  the  deeper  layers  of  the  exudate, 
there  is  formed  an  investing  stratum  of  suppurating  granulation  tissue 
resting  upon  the  fibrous,  edematous,  and  hyperemic  subserosa.  In  the 
earlier  stages  before  the  fibrous  tissue  formation  is  marked  this  structure 
has  been  called  a pyogenic  membrane . Structurally,  such  a membrane 
is  composed  of  cellular  elements  not  unlike  those  found  in  the  wall  of  an 
abscess  (p.  288);  later,  the  free  surface  continues  to  be  rich  in  leukocytes, 
and  therefore  largely  cellular.  Within  this  cellular  accumulation  the 
conflict  between  the  bacteria  and  the  cells  continues,  and  is  manifested 
by  the  associated  phagocytosis,  necrosis,  and  pus-formation.  Below 
this  wall  there  is  sooner  or  later  developed  a layer  of  fibrous  tissue.  As 
this  cicatricial  structure,  in  conjunction  with  its  overlying  cellular  layer, 

1 Brit.  Med.  Jour.,  Sept.  7,  1901. 

2 Gaz.  osped  et  Clin.,  1905,  No.  19. 

3 The  processes  operative  in  the  liquefaction  of  inflammatory  exudates  and  the 
formation  of  pus  will  be  found  discussed  on  p.  288. 

4 Jour,  of  Exper.  Med.,  1907,  vol.  ix. 
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presents  a certain  resistance  to  the  further  invasion  of  the  underlying  tis- 
sues by  the  bacteria,  Park  proposed  for  it  the  name  prophylactic  membrane. 
The  thickening  may  exceed  i cm.;  the  membrane  is  usually  tough, 
the  surface  soft  and  downy,  and  bleeds  upon  the  slightest  injury.  The 
deeper  layer  not  infrequently  contains  calcareous  material.  In  the 
suppurative  inflammation  of  serous  membranes  thp  fever-producing 
element  present  in  the  non-infective  forms  has  its  activity  augmented  by 
the  addition  of  the  pyrogenous  products  of  the  pyococci. 

The  changes  in  the  tissues  contiguous  to  the  suppurating  serosa 
resemble  those  already  described  as  occurring  in  the  nonsuppurative 
forms  of  serositis.  In  the  peritoneum  the  intestines  dilate,  the  adja- 
cent muscle  degenerates,  the  lymphatics  contain  numerous  leukocytes, 
and  even  the  solar  plexus  shows  alterations  attributable  to  contact 
with  the  bacterial  toxins.  In  some  cases  the  absorbed  poisons  produce  an 
intense  toxemia  which  usually  terminates  in  death.  When  the  lesion  is 
localized  in  the  vicinity  of  the  appendix,  uterus,  or  other  viscus,  the  ab- 
sorbing surface  is  proportionately  reduced,  and  the  outlook  is  more 
hopeful.  Such  localized  collections  of  pus  may  rupture  into  the  gen- 
eral cavity  and,  by  suddenly  inundating  the  serosa,  give  rise  to  a violent 
toxemia  and  rapidly  fatal  general  peritonitis;  the  dangers  are  essen- 
tially the  same  as  if  200  or  300  cu.  cm.  of  pus  were  injected  into  a nor- 
mal peritoneum. 

Empyema,  in  addition  to  the  mechanical  compression  of  the  lung, 
endangers  contiguous  structures  by  the  extension  of  the  infectious 
process.  A suppurative  lymphangitis  may  traverse  the  lung,  giving 
rise  to  irregular  lines  of  purulent  inflammation  passing  from  the  per- 
iphery to  the  hilum;  a bronchus  may  be  penetrated  and  the  patient 
drowned  in  the  pus,  or  the  infectious  matter  disseminated  in  the  opposite 
lung.  Extension  to  the  pericardium  is  not  rare.  The  changes  in  the 
muscles  and  diaphragm  are  essentially  similar  to,  but  more  marked 
than,  those  described  on  page  462  and  shown  in  Fig.  117,  page  243,  and 
Figs.  215  and  216.  Protracted  suppuration  of  the  pleura  induces 
irreparable  damage  in  the  underlying  lung,  subjects  the  patient  to  the 
dangers  of  general  sepsis  and  amyloid  disease,  and,  should  recovery 
ensue,  the  chest  is  frequently  deformed  and  the  spinal  column  may 
be  curved,  as  a result  of  the  thoracic  wall  sinking  on  the  lung,  which  can- 
not expand.  Collapse  of  the  chest  wall  is  the  only  way  that  the  empyema 
cavity  can  be  obliterated.  Sometimes  the  empyema  is  loculated;  the 
pus  cavity  may  be  between  the  lobes  ( interlobar  empyema),  or  at  the 
base,  the  floor  of  the  purulent  collection  being  formed  by  the  diaphragm. 
These  cases  often  come  to  autopsy  without  the  nature  of  the  process 
having  been  suspected. 

Putrid  pleurisies  are  due  to  the  presence  of  saprophytic  bacteria 
in  the  pus  of  empyema.  Guillemot,  Halle,  and  Rist1  have  shown  that 
the  infection  is  practically  always  polymicrobic  and  that  anaerobic 
bacteria  are  almost  constantly  present.  The  toxic  processes  accom- 
panying such  conditions  are  usually  marked  and  reparative  activity 
suppressed.  In  resistant  individuals  the  infection  often  drags  on  for 
months  or  even  years;  the  weakly  succumb. 

Suppurative  pericarditis  (pyopericardium)  offers  the  same  dangers  to 
the  heart  as  serofibrinous  inflammation  and  exudates,  and,  in  addition, 
two  important  possibilities.  The  toxic  processes  are  much  more  in- 

1 Arch,  de  Med.  exper.,  Sept.,  1904,  p.  571. 
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tense,  and,  secondly,  the  myocardial  alterations  are  more  marked. 
The  contiguous  layer  of  the  heart  muscle  often  manifests  advanced 
degeneration,  and  occasionally  pus  cells  may  be  seen  intercalated  be- 
tween the  fibers.  Rarely  mediastinal  abscess  follows  pericardial  suppura- 
tion; the  reverse  is  more  frequent.  Suppurative  pericarditis  seems 
more  prone  to  calcific  changes  than  suppurative  pleurisy  or  peritonitis. 

Inflammation  of  the  serous  membranes  is  sometimes  accompanied 
by  exudates  that  contain  blood;  to  this  condition  the  term  hemorrhagic 
inflammation  is  applied.  Hemorrhagic  serositis  occurs  most  commonly 
in  connection  with  debilitating  conditions,  such  as  tuberculosis,  asthenic 


Fig.  219. — Intestine.  Chronic  Adhesive  Peritonitis. 


states,  cancer  of  the  serous  membrane,  and,  rarely,  without  any  apparent 
cause.  Trauma  may  lead  to  hemorrhage  in  the  exudate.  Tapping  may 
rupture  delicate  vessels  in  the  organizing  layer,  or  withdrawal  of  the 
serous  exudate  may  remove  the  support  to  the  frail  newly  formed  capil- 
laries, which  rupture,  and  thereby  give  rise  to  blood  in  the  fluid.  The 
•hemorrhagic  phenomenon  may  show  in  the  serum,  or  it  may  be  manifested 
by  petechiae  or  areas  of  subserous  rhexis.  Hemorrhagic  inflammations 
are  most  frequent  in  childhood,  although  not  unknown  at  any  age.  The 
pleura  is  oftenest  affected.  The  frequency  of  the  hemorrhagic  form  of 
pleurisy  is  variously  given  by  different  writers:  Lewin  found  the  effusion 
hemorrhagic  in  4 out  of  50  cases.  Reimer,  five  times  in  121  autopsies;  and 
Israel,1  twice  in  206. 

In  certain  forms  of  chronic  serositis2  there  occurs  an  inflammation,  of  a 

1 Jahrbuch  fur  Kinderheilkunde,  1898,  Bd.  xlvii,*No.  16. 

2 The  literature  of  chronic  inflammation  of  the  serous  membranes  will  be  found 
in  or  may  be  traced  from  the  following:  Nicholls,  see  foot-note,  p.  459;  Harris, 
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low  order,  characterized  by  a serous  exudate  containing  but  few  cells  and 
a small  quantity  of  fibrin.  This  type  of  inflammation  should  be  called 
chronic  serous  exudative  serositis.  The  pathologic  process  is  due  to  per- 
sisting slight  irritation  and  is  seen  in  the  joints  as  a result  of  loose  cartilages; 
sometimes  it  follows  minor  injuries  of  the  tendon-sheaths  and  bursae.  A 
similar  condition  is  occasionally  observed  in  the  peritoneum,  pleura,  and 
pericardium;  it  is  probable  that  some  cases  are  tuberculous.  Benign 
tumors  of  the  uterus,  ovary,  or  other  abdominal  viscus  may  be  attended  by 
such  a process.  To  the  unaided  eye  the  serous  membrane  frequently 
shows  no  gross  lesion;  there  may  be,  at  points,  whitish  or  slightly  opaque 
areas,  particularly  if  the  serosa  has  been  subjected  to  friction. 

Long-continued  inflammation  of  the  serous  membrane,  attended 
by  the  production  of  fibrin  and  serum — chronic  serofibrinous  exudative 
serositis — is  rarely  observed;  sometimes,  however,  infection  by  organ- 
isms or  slight  virulence  may  give  rise  to  such  a process.  The  later 
stages  of  suppurative  inflammation  (p.  469)  of  the  serous  membrane, 
characterized  by  the  production  of  a large  amount  of  fibrinous  exudate 
and  pus,  are  included  under  the  term  chronic  suppurative  pleurisy, 
pericarditis,  peritonitis,  etc. 

Chronic  hyperplastic  or  productive  inflammation  of  the  serous  mem- 
branes, also  called  progressive  hyaloserositis,  is  attended  by  but  little 
exudate,  often  none,  and  is  characterized  by  the  production  of  a large 
amount  of  fibrous  tissue  which  forms  a distinct  layer,  sometimes  1 cm. 
to  2 cm.  thick;  the  process  may  be  patchy  or  diffuse.  The  amount  of 
serum  present  in  these  cases  is  usually  small.  In  some  instances  the 
tendency  to  adhesion  is  slight,  while  in  others  large  areas,  and  sometimes 
all  of  a cavity,  may  be  obliterated  by  complete  fusion  of  the  parietal 
and  visceral  layers  of  the  affected  serosa.  W.  Hale  White  refers  to 
cases  in  which  it  is  possible  to  remove  the  abdominal  viscera  intact,  as 
a single  mass,  transverse  section  of  which  discloses  the  intestine  held 
open  by  the  thickened  investing  peritoneum.  The  liver  and  spleen  are 
sometimes  adherent  to  the  abdominal  wall  and  uniformly  invested  in 
a dense  white  layer  of  hyalofibrous  tissue.  In  other  cases  adhesions 
are  absent;  the  affected  serosa  is  covered  by  a white  or  grayish-white 
fibrous  tissue  2 mm.  to  5 mm.  in  thickness  and  sometimes  thicker;  one  or 
more  organs  may  be  completely  invested  in  hyalofibrous  tissue,  render- 
ing the  surface  white  or  grayish-white,  often  resembling  an  iced  cake— 
the  “ Zuckergussleber  ” of  German  writers.  Rumpf  reported  a patient 
requiring  301  tappings;  Finsen1  died  of  chronic  hyperplastic  peritonitis, 
the  manifestations  having  persisted  throughout  his  long,  active,  scientific 
. career. 

Often  the  peritoneum,  pericardium,  and  pleurae  are  concurrently 
affected,  hence  the  name  multiple  or  polyserositis.  When  the  condition 
is  restricted  to  one  organ  (spleen  or  liver),  the  term  fibrous  capsulitis  is 
sometimes  applied,  although  it  is  questionable  whether  true  capsular 

Indurative  Mediastino-pericarditis,  London,  1895;  Turk,  Wien.  klin.  Woch.,  xvi 
Jahrgang,  Nos.  37,  39,  and  40;  Eichhorst,  Deut.  med.  Woch.,  April  17,  1902; 
Kelly,  Amer.  Jour,  of  Med.  Sci.,  Jan.,  1903,  p.  116;  Gibson,  Bullmore,  and  Conder, 
The  Practitioner,  Feb.,  1903,  p.  213;  W.  Hale  White,  Brit.  Med.  Jour.,  March  7, 
1903,  p.  536;  Pollard,  Lancet,  March  28,  1903,  p.  871;  Brauer,  thirty-second 

German  Surgical  Congress,  June  3 to  6,  1903;  Schupfer,  Rif.  Med.,  March  2,  1904; 
Wetherill,  Jour.  Amer.  Med.  Assoc.,  March  5,  1904,  p.  634;  Scott,  Amer.  Jour,  of 
Obstetrics,  Nov.,  1904;  Mouisset  and  Valias,  Lyon  Med.,  Feb.  5,  1905. 

1 Floystrup  and  Scheel,  Therapie  der  Gegenwart,  No.  7,  46. 
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inflammation  is  really  a manifestation  of  this  process.  Histologically  the 
thickened  membrane  possesses  the  structural  characters  of  a chronic 
progressing  inflammation.  The  new  tissue  is  composed  of  lamellae  of 
hyaline  fibrous  tissue  interspersed  with  formative  cells  in  various  stages 

A 


Fig.  220.  Lung,  Chronic  Interstitial  Pneumonia,  Bronchiectasis,  Hyaloserositis,  and  a Terminal 
Catarrhal  Pneumonia  Due  to  Mixed  Infection  by  the  Tubercle  Bacillus  and  Pneumococcus. 
A,  A.  Greatly  thickened  pleura.  B.  Dilated  bronchi.  C.  One  of  many  broad  strata  of  fibrous  tissue 
irregularly  traversing  the  organ.  D.  Large  caseous  lymph-node  near  hilum  of  lung  and  immediately 
adjacent  to  the  aorta,  a section  of  which  is  shown  just  above.  The  aorta  is  the  seat  of  slight  atheroma. 


of  fibroblastic  transformation;  often  the  capsule  of  the  organ  may  be  dis- 
tinguished from  the  new  tissue  on  the  surface,  the  latter  appearing  as  an 
organized,  superimposed  stratum  on  a slightly  altered  capsule.  The 
blood-vessels  of  the  newly  formed  tissue  are  often  surrounded  by  mantles 
of  cells  indistinguishable  from  small  mononuclear  leukocytes.  The  condi- 
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tion  may  or  may  not  be  associated  with  fibrous  hyperplasia  of  the  inter- 
stitial tissue  in  the  enveloped  organ.  There  is  no  necessary  relation  be- 
tween the  two. 

With  regard  to  the  cause  of  the  condition  we  are  almost  totally  ignor- 
ant. The  anatomic  changes  and  certain  of  the  clinical  phenomena 
indicate  that  the  process  depends  upon  the  prolonged  action  of  some 
irritant  the  nature  of  which  is  unknown.  Nicholls  is  almost  persuaded 
that  the  process  is  bacterial  in  origin;  with  this  view  I concur.  In  some  re- 
spects it  resembles  the  chronic  productive  form  of  tuberculosis,  and  it  is 
not  impossible  that  some  cases  are  due  to  the  tubercle  bacillus.  The 
absence  of  anatomic  tubercles,  giant  cells,  and  even  inability  to  demon- 
strate bacilli,  do  not  necessarily  constitute  conclusive  proof  of  its  nontu- 
berculous  nature.  It  is  possible  that  the  chronic  productive  serositis 
without  adhesions  may  be  different  from  the  adhesive  form,  but  the  rea- 
sons for  recognizing  them  as  distinct  processes  do  not  appear  convincing. 

Strongly  resembling  the  foregoing  are  pericardiomediastinitis,  or  medi- 
astinopericarditis,  and  pericarditis  externa,  which  are  closely  allied,  if 
not  identical  conditions.  The  names  given  are  applied  to  processes 
characterized  by  a chronic  indurative  inflammation  extending  from 
the  pericardium  into  the  mediastinal  tissues,  which  often  become  firm 
and  resisting  and  closely  attached  to  the  sternum  and  costal  cartilages. 
The  condition  may  or  may  not  be  associated  with  the  ordinary  form  of 
pericarditis,  which,  for  purposes  of  distinction,  is  called  pericarditis 
interna. 

When  an  inflammation  of  a serous  membrane  terminates  in  ad- 
hesions which  firmly  unite  the  apposed  serous  surfaces,  the  process  is 
sometimes  called  obliterative,  and  hence  it  is  possible  to  speak  of  ob- 
literative pleurisy,  obliterative  pericarditis,  obliterative  peritonitis,  etc.; 
such  manifestations  are  also  called  chronic  adhesive  inflammations. 

In  addition  to  the  foregoing  forms  of  chronic  pericarditis,  it  is  neces- 
sary to  recognize  certain  lesions  which  are  the  results  of  past  acute  in- 
flammatory conditions;  by  some  these  are  grouped  with  the  chronic 
inflammations.  In  some  cases  it  is  evident  that  the  inflammation  began 
with  an  acute  process  which  continued,  and  at  the  time  of  examination 
had  lost  all  of  its  acute  characters,  but  is  continuing  as  a chronic  lesion. 
This  type  belongs  with  the  chronic  forms  described  above.  In  other 
cases  the  process  has  long  ceased  to  be  active,  there  is  no  evidence  of 
progression,  the  alterations  remaining  exactly  as  they  were  when  the 
active  stages  of  the  acute  process  subsided.  The  condition  present 
may  be  that  of:  (i)  Partial  or  complete  adhesion;  (2)  large  masses  of 
fibrin  whipped  off  in  the  serum  may  not  have  undergone  absorption, 
but  sometimes  are  perpetuated  as  caseous  or  semisolid  collections  too 
large  to  be  vascularized;  (3)  caseous  areas  resulting  from  the  absorption 
of  the  fluid  portion  of  a past  pus  collection  or  from  tuberculosis  of  the 
membrane;  (4)  calcareous  masses  in  the  newly  formed  inflammatory 
tissues. 

Tuberculosis  of  the  serous  membranes,1  like  tuberculosis  elsewhere, 

1 Nicoloff,  These  de  Paris,  1904;  Thayer,  Bull,  of  Johns  Hopkins  Hosp.,  May 
1904,  p.  149;  Scagliosi,  Deut.  med.  Woch.,  June  9,  1904;  Ipsen,  Virch.  Arch., 
Sept.  1,  1904,  Bd.  clxxvii,  p.  570;  Cornet,  Nothnagel’s  Encyclopedia,  American 
edition,  Tuberculosis,  Acute  and  Chronic  Miliary  Tuberculosis,  1904,  p.  195;  Guyot, 
Virch.  Arch.,  1905,  Bd.  clxxix,  Heft  3;  Cummins,  Univ.  of  Penna.  Med.  Bull.,  Dec., 
1905;  Stone,  Boston  Med.  and  Surg.  Jour.,  May  7,  1908,  p.  705. 
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is  manifested  by  the  occurrence  of  many  lesions,  some  of  which  bear 
no  resemblance  to  the  others.  It  may  be  acute  or  chronic.  The  source 
of  the  infection  is  usually  some  organ  covered  by  the  serosa  or  some 
contiguous  structure  from  which  the  bacilli  reach  the  membrane.  In 
the  peritoneum,  tuberculosis  of  the  intestine,  lymph-nodes,  uterus  or 
its  appendages,  or  the  abdominal  wall  (including  the  vertebrae)  may  in- 
fect the  serosa.  The  cases  of  alleged  primary  tuberculosis  of  the  peri- 
toneum must  be  regarded  with  suspicion.  According  to  Bottomley,1 
Borschke  observed  primary  infection  once  in  226,  and  Munsterman 
once  in  46  cases.  An  acute  miliary  tuberculosis  of  the  peritoneum  may 
result  from  a hematogenous  dissemination  of  the  bacillus,  and  occa- 
sionally the  peritoneum  is  infected  from  the  thoracic  serosae.  Tuber- 
culosis of  the  pleura  is  usually  due  to  infection  from  the  underlying  lung, 
although  it  has  been  suggested  that  the  bacteria  may  enter  the  apex  from 
the  cervical  lymph-nodes,  the  latter  infected  by  way  of  the  tonsils  and 
pharynx.  Tuberculous  pleurisy  secondary  to  mediastinal,  esophageal, 
and  vertebral  lesions  is  less  common.  This  statement  is  made  with  the 
understanding  that  infections  from  the  peribronchial  lymph-nodes  be- 
long with  those  due  to  extension  from  the  lung  and  not  with  those  arising 
from  the  mediastinum.  Hematogenous  infection  of  the  pleura  occa- 
sionally occurs. 

Tuberculous  pericarditis  is  rarely,  if  ever,  primary;  usually  the  in- 
fection is  an  extension  from  tuberculosis  of  contiguous  structures,  espec- 
ially the  lymph-nodes  near  the  base  of  the  heart.  The  pericardium 
may  also  be  affected  from  the  pleura,  adherent  lung,  mediastinal  tis- 
sues, esophagus,  and  peritoneum.  In  a large  percentage  of  cases  tuber- 
culous pericarditis  is  due  to  hematogenous  infection.  Sometimes  the 
lesion  is  a part  of  an  acute  general  miliary  tuberculosis.  The  last  state- 
ment also  applies  to  tuberculosis  of  the  meninges.  Meningeal  infection 
may  occur  from  contiguous  structures,  such  as  the  bodies  of  the  verte- 
brae, middle  ear,  or  other  foci  in  the  bony  walls  enclosing  the  brain  and 
cord.  Tuberculous  thecitis  may  be  due  to  inoculation,  but,  in  the  large 
majority  of  cases,  is  an  infecion  from  the  blood.  The  same  is  true  of 
bursitis  due  to  the  tubercle  bacillus.  In  the  joints,  tuberculosis  is  com- 
monly the  result  of  extension  from  contiguous  bone.  There  can  be  no 
doubt  that  in  all  these  cases  colonization  of  the  tubercle  bacillus  is  favored 
by  trauma  or  any  other  antecedent  condition  which  weakens  the  resistance 
of  the  tissues. 

Morbid  Anatomy  of  Tuberculosis  of  the  Serous  Membranes. — It  is 

possible  to  recognize  acute  and  chronic  types  of  the  affection;  the  former 
will  be  considered  first.  An  eruption  of  tubercles  in  a serous  membrane 
may  be  attended  by  the  accumulation  of  a clear  serum  in  the  cavity  and 
no  recognizable  fibrinous  deposit  on  the  surface  of  the  membrane.  In 
such  cases  the  tubercles  appear  to  be  in  the  subserosa,  and  usually  are 
easily  recognized  as  grayish-white  dotlets  scarcely  a millimeter  in  diameter; 
as  a rule,  they  are  palpable.  These  are  the  cases  which,  when  the  peri- 
toneum is  involved,  appear  to  be  greatly  benefited  by  operative  procedure. 
In  other  cases  of  tuberculous  serositis  the  affected  membrane  is  covered 
by  a shaggy  coat  of  fibrin  indistinguishable  from  that  seen  in  the  ordinary 
type  of  acute  serofibrinous  pleurisy  or  pericarditis.  Norris  found  this 
form  in  seven  of  the  eighty-two  cases  of  pericarditis  which  he  studied. 
The  quantity  of  fluid  is  often  excessive;  the  peritoneum  may  contain 

1 Med.  and  Surg.  Reports  of  the  Boston  City  Hospital,  1900,  eleventh  series. 
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4 to  8 liters,  and  the  pleura  half  as  much;  Hirtz  reported  a case  in 
which  2700  c.c.  of  blood-stained  serum  was  present  in  the  pericardium. 
Sometimes  the  effusion  is  hemorrhagic  and  distinctly  fibrinopurulent 
exudates  are  occasionally  encountered. 

The  chronic  forms  of  tuberculous  serositis  may  be  sequences  of  the 
acute,  but  often  arise  insidiously.  A chronic  serous  inflammation,  or 
at  least  a chronic  inflammation  of  the  serosa  with  an  abundant,  clear, 
straw-colored,  serous  exudate,  occurs  particularly  in  the  peritoneum; 
many  patients  recover  from  this  form.  In  another  type  of  the  affection 
the  structural  changes  resemble  those  of  a chronic  productive  adhesive 
serositis.  Multiple  adhesions  form,  or,  in  some  cases,  the  cavity  of  the 
affected  serosa  may  be  obliterated  by  firmly  organized  fibrous  tissue  in 
which  but  few  tubercles  and  no  caseous  areas  can  be  demonstrated. 


Fig.  221. — Acute  Tuberculous  Pericarditis,  Vertical  Section  of  Inflammatory  Exudate. 

( Schmaus .)  X 250  diameters. 

a.  Subpericardial  fat.  b.  Layer  of  granulation  tissue  that  extends  to  the  layer  of  fibrin,  d.  c,  c.  Tuber- 
cles containing  giant-cells.  Other  tubercles  are  shown,  in  some  of  which  degenerative  changes  are 
beginning  to  evince  themselves. 


Ipsen  has  been  able  to  collect  twelve  cases  of  tuberculosis  in  man  possess- 
ing the  anatomic  characters  of  the  bovine  form  of  the  affection.  In 
some  of  these  instances  the  lesions  on  the  serosas  resemble  the  changes 
seen  in  cattle,  which  consist  of  nodular  masses  of  fibrous  tissue  with  little 
or  no  tendency  toward  caseation.  The  pedunculated  and  sessile 
nodules  described  by  MacCallum  resemble  this  type.  In  still  another 
group  of  tuberculoses  large  nodules  with  caseous  centers  and  fibrous 
peripheries  are  irregularly  distributed  over  the  affected  serosa.  In  tuber- 
culous mediastino-pericarditis,  such  as  the  case  reported  by  Ellis,1  the 
mediastinal  tissues,  pericardium,  and  heart  may  be  fused  in  a single  mass, 
and  large,  caseous  nodules  surround  the  bronchi,  trachea,  and  great  vessels. 
The  cavities  of  both  pleurae  may  be  obliterated.  The  caseous  nodules  vary 
in  diameter  from  0.2  cm.  to  2 cm.,  and  extend  into  the  myocardium.  It  is 
interesting  to  note  that  in  Ellis’  case  the  examination  of  a large  number  of 
sections  failed  to  disclose  a single  characteristic  tubercle  or  even  a giant 

1 Proceed,  of  Path.  Soc.  of  Phila.,  Jan.  29,  1904. 
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cell;  the  new  tissue  consisted  of  lymphoid  and  fibrous  structures  in  which 
caseation  had  run  riot.  Tubercle  bacilli,  however,  could  be  demonstrated. 

Cytodiagnosis  offers  aid  in  determining  the  character  and  origin  of 
exudates  in  the  serous  cavities.  The  method  is  discussed  on  p.  285. 


.4 


Fig.  222. — Chronic,  Adhesive,  Indurative,  and  Caseous  Tuberculous  Mediastino-pericarditis. 

Heart  and  Adjacent  Mediastinal  Structures.  (Four-ninths  natural  size.) 

A.  Trachea  slightly  distorted  by  pressure.  B.  Left  bronchus,  compressed  by  enlarged  peribronchial 
lymph- nodes.  C.  Aorta;  the  arch  is  displaced  to  the  right,  the  middle  of  the  arch  is  elongated  largely 
at  the  expense  of  the  descending  portion.  It  is  probable  that  a large  part,  but  certainly  not  all,  of 
this  distortion  is  postmortem.  D.  One  of  several  caseous  nodes  on  the  mediastinal  aspect  of  the  peri- 
cardium; some  of  these  nodules  are  indistinguishable  from  caseous  masses  that  have  arisen  in  the 
pericardial  synechia.  E.  Area  of  caseous  tuberculosis,  occupying  fissure  between  the  left  auricle  and 
corresponding  ventricle.  F.  Caseous  mediastinal  (peritracheal)  lymph-nodes.  G.  Thickened  and 
adherent  parietal  layer  of  the  pericardium.  //.  Thickened  visceral  layer  of  the  pericardium  (epicar- 
dium).  The  space  between  F and  G is  occupied  by  firm,  grayish,  slightly  hyaline  fibrous  tissue  in 
which  are  embedded  many  caseous  areas.  I . Caseous  mass  extending  into  the  myocardium.  Even 
in  this  short  incision,  through  the  lateral  wall  of  the  left  ventricle,  several  points  of  myocardial  in- 
vasion can  be  seen. 

Actinomycotic  serositis  has  been  reported,  but  the  condition  is  rare; 
it  is  usually  secondary  to  actinomycosis  of  some  viscus  covered  by  the 
peritoneum  or  pleura.  The  lesion  is  commonly  chronic  and  the  fungus 
may  be  demonstrated  in  the  exudate  or  granulation  tissue.  Actinomy- 
cotic pleurisy  is  usually  due  to  infection  from  the  underlying  lung;  the 
same  is  true  of  the  pericardium;  less  frequently  the  latter  structure  is 
involved  secondarily  to  the  mediastinal  tissues.  Actinomycotic  lesions 
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of  the  serous  membranes  are  often  strictly  localized  to  the  area  in  which 
infection  occurred. 

Various  serous  membrane  inflammations  have  been  attributed  to 
syphilis,  and  in  the  meninges  the  chronic  productive  meningo-encepha- 
litis  is  clearly  of  syphilitic  origin.1  Eruptions  of  leprous  nodules  may 
occur  on  the  pleura  and  are  usually  secondary  to  pulmonary  infection. 

Air  in  the  serous  cavities  is  always  regarded  as  a source  of  danger 
and  is  usually  followed  by  evidences  of  infection.  It  was  once  believed 
that  air  was  an  irritant  capable  of  producing  inflammation.  Clinical 
and  experimental  evidence  shows  that  sterile  air  gives  rise  to  no  struc- 
tural alteration  in  the  serosa,  although  the  viscera  (especially  the  lung) 
may  be  profoundly  influenced  by  the  pressure  induced  by  the  gas.  Lundie2 
reported  an  instance  where  air  was  present  in  the  pleura  and  pericardium 
on  at  least  two  occasions  and  at  no  time  was  there  any  evidence  of  in- 
flammation. Air  is  often  introduced  into  the  serous  cavities  for  diagnostic 
or  therapeutic  purposes,  and  if  sterile,  does  no  harm.  Gas,  present  in 
most  instances,  is  the  result  of  wounds  admitting  air  from  the  outside, 
or  traumatic  ruptures  or  penetration  of  some  hollow  viscus;  in  either  case 
the  gas  is  accompanied  by  infection  which  rapidly  produces  inflammation 
that  is  usually  suppurative.  In  some  cases  ulceration,  gangrene,  or  other 
pathologic  processes  perforate  the  serous  covering  of  a hollow  viscus, 
admit  air  and  infection,  and  give  rise  to  serositis.  Gas  may  arise  in  the 
serous  cavities  as  a result  of  infection  by  aerogenic  bacteria.  The  organisms 
present  are  usually  the  Bacillus  aerogenes  capsulatus  or  other  gas-produc- 
ing bacteria,  and  in  some  cases  the  colon  bacillus  alone.  May  and  Geb- 
hardt3  suggest  for  this  type  the  name  zymotic  peritonitis,  zymotic  pneu- 
mothorax, or  zymotic  pneumopericardium.  This  form  is  occasionally  seen 
in  the  peritoneum,  but  most  of  the  peritonitides  associated  with  the 
presence  of  air  are  due  to  perforation  of  the  stomach  or  intestine.  Most 
of  the  cases  of  pneumothorax  are  the  result  of  tuberculosis  of  the  lung. 
Biach  found  that  of  918  cases  of  pneumothorax,  715  were  due  to  tuber- 
culosis, 65  were  associated  with  gangrene  of  the  lung,  45  accompanied  em- 
pyema, and  32  followed  trauma.  Fussell  and  Riesman4  were  able  to 
collect  56  cases  thought  not  to  be  tuberculous;  many  of  these  followed 
trauma.  Bovaird5  reported  2 cases  of  pneumothorax  resulting  from  rupture 
of  areas  of  bronchopneumonic  consolidation.  Two  others  were  due  to 
ruptured  abscess  and  the  fifth  was  supposed  to  have  resulted  from  the 
bursting  of  an  emphysematous  bleb.  The  condition  sometimes  follows 
violent  respiratory  effort,  as  coughing,  particularly  in  pertussis.6 

Pneumopericardium  is  almost  always  the  result  of  penetration  of  the 
sac  from  without.  Of  the  38  cases  collected  by  James,7  4 were  thought 
to  be  due  to  infection  by  gas-forming  bacilli;  in  7 the  perforation  was  in 
the  esophagus  and  in  two  gastric  ulcer  penetrated  the  pericardium. 
In  the  case  reported  by  Muller  pyopericardium  perforated  the  lung.  In 

1 See  Diseases  of  the  Nervous  System. 

2 Edinburgh  Med.  Jour.,  1891,  No.  1805. 

3 Deut.  Arch.  f.  klin.  Med.,  lxi. 

4 Amer.  Jour,  of  Med.  Sci.,  Aug.,  1902,  p.  218. 

5 Arch,  of  Pediatrics,  Nov.,  1903. 

6 For  fuller  literature  concerning  pneumothorax  consult  Edmunds,  Brit.  Med. 
Jour.,  Nov.  21,  1903,  p.  1322;  Weber,  Zeit.  f.  Tuberk.  u.  Heilstw.,  vol.  iv,  No.  6; 
Trask,  Jour.  Amer.  Med.  Assoc.,  March  5,  1904,  p.  641;  Emerson,  Johns  Hopkins 
Hospital  Reports,  1903,  vol.  xi,  pp.  1 to  445. 

7 Amer.  Med.,  July  2,  1904,  p.  23. 
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most  cases  infection  accompanies  the  entering  air,  and  pneumopericar- 
dium is  converted  into  a pyopneumopericardium. 

Hemopericardium,  hemothorax,  and  hemoperitoneum  are  usually  due 
to  trauma,  particularly  crushes  and  penetrating  wounds  of  the  cavities. 
The  condition  may  also  result  from  ruptured  aneurysm,  and  a variable 
quantity  of  blood  may  be  found  mixed  with  the  contained  serum  in 
scurvy,  pernicious  anemia,  hemorrhagic  septicemias,  purpura,  phos- 
phorus poisoning,  leukemia,  and  allied  dyscrasias.  In  the  latter  group 
of  cases  petechiae,  and  subserous  hemorrhages  of  a larger  size,  are  usually 
present. 

Tumors  of  the  serous  membranes  may  be  primary  or  secondary;  the 
former  may  be  benign  or  malignant.  Most  of  the  benign  tumors  are 
situated  in  the  omentum,  in  which  myxoma,  lipoma,  fibroma,  chon- 
droma, and  even  osteoma  may  occur.  Hellier1  reports  a lymphangioma 
of  the  omentum  and  peritoneum  which  simulated  ovarian  tumor.  It  is 
probable  that  the  congenital  multilocular  cystoma  of  the  omentum  ob- 
served by  Young,2  and  a similar  case  reported  by  Hearn,3  were  of  this 
type.  Important  among  the  abdominal  tumors  are  the  retroperitoneal 
neoplasms4  and  cysts.  In  this  location,  myxoma,  lipoma,  and  sarcoma 
occur;  Steel  has  been  able  to  collect  ninety-six  cases  belonging  to  the  last 
group.  Aside  from  the  cysts  arising  from  the  solid  viscera  of  the  abdom- 
inal cavity,  (i)  serous,  (2)  blood,  (3)  chyle,  (4)  dermoid,  and  (5)  parasitic 
cysts  are  sometimes  observed.5  In  the  case  reported  by  Richardson  the 
cyst  contained  eight  pints  of  milky  fluid.  Liquid  accumulations  in  the 
lesser  omental  cavity  are  sometimes  called  pseudo-cysts  of  the  abdomen. 

Hydatids  are  the  most  common  of  the  parasitic  cysts,  although  cysti- 
cerci  are  also  observed. 

The  most  frequent  primary  tumor  of  the  serous  membrane  is  endo- 
thelioma.8 This  may  give  rise  to  distinct  nodules,  but  frequently  is  a 
diffuse,  flattened  growth  resembling  the  thickening  produced  by  chronic 
hyaloserositis.  The  pleura  is  usually  involved;  the  meninges  of  the 
brain  and  cord  are  second  in  point  of  frequency;  the  tumor  is  not  com- 
mon in  the  pericardium  or  peritoneum;  it  sometimes  affects  the  bursae  and 
tendon-sheaths.  There  has  been  considerable  discussion  as  to  whether  it 
arose  from  the  surface  cells  of  the  serosa  or  from  the  endothelium  of  the 
lymph-vessels.  Histologically  the  structure  so  closely  resembles  the 
alveolar  types  of  cancer  that  many  of  these  neoplasms  are  reported  as 
instances  of  primary  carcinoma  of  the  serosa.  The  resemblance  of  the  proc- 
ess to  chronic  inflammation  of  the  serous  membranes  is  intensified  by  the 
occurrence  of  exudates,  which  are  usually  hemorrhagic,  or  rapidly  be- 
come so.  The  malignancy  in  different  cases  varies;  sometimes  life  is 

1 Brit.  Med.  Jour.,  Nov.  12,  1904,  1311. 

2 Lancet,  Jan.  21,  1905,  p.  157. 

3 Annals  of  Surgery,  1897. 

4 Adami,  Montreal  Med.  Jour.,  1897,  vol.  xxv;  Douglas,  Jour.  Amer.  Med. 
Assoc.,  March  26,  1898;  Steele,  Amer.  Jour,  of  Med.  Sci.,  March,  1900,  and  June, 
1904. 

5 For  literature  of  these  cysts  see  Blum,  Centralbl.  f.  d.  Granzgebieten  d.  Med- 
u.  Chir.,  1902,  vol.  v;  McMurtry,  N.  Y.  Med.  Jour.,  Dec.  31,  1904,  p.  1256;  Rich, 
ardson,  Boston  Med.  and  Surg.  Jour.,  Feb.  9,  1905,  p.  151. 

0 Scagliosi,  Deut.  med.  Woch.,  1904,  xxx,  1715,  No.  47;  Hilber,  Jahrbuch.  f. 
Kinderheilk.,  Bd.  lix,  H.  3;  Bassoe,  Trans,  of  Chicago  Path.  Soc.,  Nov.  9,  1903, 
p.  31;  Nager,  Zieg.  Beitr.,  1904,  xxxvi,  H.  j;  Unger,  Wien.  klin.  Woch.,  Dec.  24, 
1903,  p.  1457;  Bonheim,  Munch,  med.  Woch.,  April  26,  1904,  p.  741;  Adler,  N.  Y. 
Acad,  of  Medicine,  Oct.  20,  1904. 
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prolonged  for  years,  and  in  other  cases  the  condition  terminates  fatally 
in  a few  months.  The  tendency  to  metastatic  deposits  is  usually  slight. 

Secondary  tumors  of  the  serous  membranes  may  be  carcinoma- 
tous or  sarcomatous,  and  are  usually  the  result  of  extension  from  a 
neoplasm  of  some  viscus  within  the  affected  cavity  or  in  the  wall  of  the 
latter.  In  some  cases  the  secondary  nodules  are  distributed  over  the 
serosa  as  minute  elevations  resembling  warts;  this  condition  may  simulta- 
neously affect  all  of  the  serous  cavities  of  the  trunk.  When  due  to  cancer, 
it  is  called  carcinosis,  and  when  the  new  growth  is  sarcoma,  the  term 
sarcomatosis  is  applied.  Colloid  cancer  of  the  peritoneum  is  usually 
secondary  to  a primary  growth  in  the  alimentary  canal,  although  Park- 
inson1 and  others  have  reported  instances  in  which  the  growth  was 
primary.  In  Parkinson’s  case  the  patient  was  twelve  years  old,  at  which 
age  the  disease  is  exceedingly  rare. 

1 Soc.  for  the  Study  of  Disease  in  Children,  May  15,  1903. 


CHAPTER  VI. 


VASCULAR  SYSTEM. 

HEART.1 

Normal  Structure. — The  heart  is  essentially  a hollow  muscle  divided 
by  partitions  into  two  distinct  sides,  between  which,  normally,  there 
is  no  communication;  each  side  is  further  divided  by  a perforated  sep- 
tum into  two  cavities,  known  respectively  as  an  auricle  and  a ventricle. 
The  opening  through  which  the  auricle  communicates  with  the  ventricle 
on  each  side,  called  the  auricidoventricular  opening  or  orifice,  is  guarded 
by  valves  that  open  toward  the  ventricle;  on  the  right  side  the  valve  is 
known  as  the  tricuspid,  on  the  left,  as  the  mitral.  The  right  ventricle 
communicates  with  the  pulmonary  artery  and  the  left  ventricle  with  the 
aorta,  the  two  orifices  being  guarded  by  valves  opening  toward  the  vessels. 
These  valves  are  each  composed  of  three  cusps,  crescentic  or  semilunar  in 
outline,  and  known  as  the  semilunar  valves  of  the  pulmonary  artery  and 
of  the  aorta  respectively.  The  exterior  of  the  heart  is  covered  by  the 
pericardium,  the  diseases  of  which  have  already  been  considered  (serous 
membranes,  p.  451).  The  interior  is  lined  by  a flattened  layer  of  connec- 
tive-tissue cells  (endocardium)  applied  almost  directly  to  the  cardiac 
fiber,  with  but  little,  if  any,  loose  connective  tissue  intervening;  the  valves 
are  composed  of  two  layers  of  the  endocardium,  reinforced  by  fibrous 
tissue,  in  which  are  a few  elastic  fibers.  The  valves  of  the  right  side,  having 
less  work  than  those  of  the  left,  are  much  thinner,  containing  rela- 
tively less  fibrous  tissue.  The  endocardium,  including  most  of  the  tissue 
that  enters  into  the  formation  of  the  valves,  is  nonvascular,  probably 
receiving  its  nutrition  from  the  blood  flowing  over  it.  The  cardiac  muscle 
is  of  the  striped  variety,  but  differs  from  voluntary  striped  muscle;  the 
fibers  are  usually  said  to  possess  no  sarcolemma,  and  they  inosculate  by 
branched  filaments,  passing  from  one  to  another;  there  is  no  bundling  of 
the  fibers,  and  the  individual  elements  are  smaller  than  those  of  the  purely 
voluntary  muscle.  Marceau2  has  shown  that  the  mammalian  heart 
possesses  a higher,  and  more  complicated,  development  than  the  heart  of 
some  other  vertebrates.  Nourishment  for  the  organ  is  supplied  by  the 
coronary  arteries,  the  circulation  in  which  is  in  some  respects  peculiar. 
The  usual  teaching  that  these  are  terminal  vessels  is  not  correct,  although 
the  anastomosis  between  the  two  trunks  is  never  free;  in  some  hearts 
there  is  no  communication  between  the  branches  of  the  right  and  left 
coronary  arteries.  Galli3  has  shown  that,  in  many  organs,  the  anasto- 
mosis is  present,  although  never  abundant.  Meigs4  believes  that  the 
capillaries  actually  enter  the  muscle-fibers.  The  connective  tissue  of 
the  normal  myocardium  is  scanty  and,  except  in  the  vessels,  the  amount 
of  elastica  is  so  small  as  to  be  scarcely  demonstrable. 

1 For  method  of  removing  the  heart  and  completing  its  dissection  see  Post- 
mortem Technic. 

2 Ann.  Sc.  nat.  Serie  8,  Zool.,  vol.  xxix,  1903,  p.  199. 

3 Munch,  med.  Woch.,  July  7,  1903,  p.  1146. 

4 Proceed,  of  the  Path.  Soc.  of  Phila.,  1898,  p.  186;  references  to  earlier  papers. 
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Size  of  Normal  Heart. — The  heart  is  about  the  size  of  the  fist  of 
the  individual;  its  weight  in  the  male  varies  between  285  gm.  and  450  gm. 
(10  and  15  ounces),  with  a mean  between  340  gm.  and  390  gm.  (11  and  13 
ounces).  The  heart  of  the  adult  female  weighs  between  200  gm.  and  400 
gm.  (7  and  13  ounces);  mean,  between  285  gm.  and  300  gm.  (9  and  10 
ounces).  The  taller  the  individual,  the  heavier  the  heart.  In  forming 
an  estimate  as  to  the  normal  weight  of  the  heart,  the  size  of  the  body, 
and  the  amount  of  work  required  of  the  organ  must  be  taken  into  considera- 
tion. The  laborer  weighing  80  kilos  will  almost  certainly  possess  a 
heart  weighing  more  than  that  of  a clerk  whose  body-weight  is  the  same. 
The  relation  between  the  cardiac  and  body-weights  is  not  sufficiently  con- 
stant to  afford  a basis  for  a positive  opinion  in  a doubtful  case.  There  are 
so  many  factors  to  be  considered,  the  work,  the  nutrition,  the  age,  the 
height,  the  sex,  etc.,  that  no  arbitrary  rule  can  fit  all  cases.  The  observer 
must  weigh  obtainable  facts  and  formulate  his  conclusion  afterward; 
even  then  he  may  be  in  doubt  in  certain  cases.  The  left  ventricular 
wall  is  about  1.25  cm.  inch)  in  thickness,  the  right  about  0.4  cm.  (£ 
inch).  Measurement  alone  affords  insufficient  evidence  upon  which  to 
base  an  opinion  as  to  the  presence  or  absence  of  hypertrophy;  the  wall  of  a 
widely  distended,  hypertrophied  heart  may  be  thinner  than  the  contracted 
normal  myocardium.  The  ventricular  wall  is  thickest  at  its  middle  and 
thinnest  at  the  apex. 


Diameters 

of  Cardiac  Orifices. 
Male. 

( After  Hamilton.) 

Female. 

Greatest. 

Least. 

Average. 

Greatest. 

Least.  Average. 

Inch 

Inch 

Inch 

Inch 

Inch 

Inch 

Aortic, 

i-3 

0 • 9 

1 . 0 

1 . 0 

0.8 

0 • 9 

Mitral, 

1.8 

1 . 1 

1 .4 

1 • 5 

1 . 0 

1 . 2 

Pulmonary  Artery, . . . 

1-5 

1 . 0 

1 . 2 

1 • 3 

1 . 0 

1 . 1 

Tricuspid, 

2 . 2 

1 -3 

1.8 

i-7 

1 -4 

i-5 

The  taller  the  subject,  the  larger  the  orifices. 


MALPOSITION  OF  THE  HEART. 

(a)  congenital. 

1.  Cervical  Heart. — Heart  in  the  neck;  the  condition  may  be  com- 
plete or  partial,  and  is  more  frequent  in  the  lower  animals  than  in  man. 

2.  Abdominal  Heart. — Through  faulty  development  of  the  diaphragm 
the  heart  may  sink  into  the  abdominal  cavity;  usually  a fetus  so  affected 
dies,  but  Holt’s  patient  was  five  months  old  and  appeared  otherwise 
healthy.  Occasionally,  the  diaphragm  does  not  develop  immediately 
under  the  pericardium,  and  when  the  heart  does  not  prolapse  through  the 
opening,  an  abdominal  viscus  may  ascend  into  the  pericardium,  a re- 
sult induced  by  the  difference  between  the  pressures  within  the  two 
cavities.  When  there  is  an  opening  in  the  diaphragm  and  any  of  the 
abdominal  viscera  enter  the  thoracic  cavity,  the  changed  relations  and 
altered  pressure  practically  always  force  the  heart  out  of  position.  As 
the  diaphragmatic  fenestrum,  through  which  such  a hernia  may  occur, 
is  usually  on  the  left  side,  the  heart  is  displaced  toward  the  right;  such 
a malposition  is  essentially  similar  to  ectopia  resulting  from  acquired 
diaphragmatic  hernia. 
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3.  Pectoral  Heart. — The  heart  may  lie  anterior  to  the  chest-wall; 
the  wall  may  be  absent,  or  it  may  have  partly  closed  behind  the  mis- 
placed heart;  in  rare  instances,  there  may  be  no  pericardium,  and  less 
frequently  the  heart  is  extracorporeal — i.  e.,  outside  the  body — the  integu- 
ment having  partly  united  behind  it.  Such  conditions  are  not  compatible 
with  prolonged  extrauterine  life,  and  are  usually  associated  with  other 
fissural  malformation  of  the  thoracic  and  abdominal  walls.  Lannelongue1 
operated  on  an  infant  in  which,  at  birth,  the  heart  was  entirely  without  the 
body;  the  patient  recovered  and  was  in  good  health  twenty-two  years  later. 
Kirmisson  records  a similar  case. 


Fig.  223. — Pectoral  Heart. 

The  chest  wall  has  partly  closed  behind  the  misplaced  organ,  which  is  connected  with  the  interior  of  the 
body  by  a pedicle  composed  of  the  large  vessels.  The  child  lived  twenty-three  and  a half  hours. 
(The  illustration  is  from  a photograph.) 


4.  Dexiocardia. — A heart  on  the  right  side  is  compatible  with  life, 
and  is  recognize®,  by  insurance  companies  as  not  in  any  way,  of  necessity, 
increasing  the  risk.  Vehsemeyer2  states  that  but  twenty  cases  of  true 
dexiocardia  have  been  reported.  It  is  usually  associated  with  transposition 
of  the  abdominal  viscera,  the  liver  going  to  the  left  side,  etc.,  the  combina- 
tion of  transposed  organs  being  known  as  the  situs  inversus .3  This 
condition  is  also  called  transposition,  inversion,  lateral  inversion  of  the 
viscera,  heterotaxy,  and  situs  viscerum  inversus.  In  typic  cases  the  organs 
are  so  arranged  that  if  observed  in  a mirror  they  appear  in  their  normal 
positions  and  relations.  Ballantyne  discusses  many  theories  that  have 
been  advanced  explaining  the  condition;  none  is  satisfactory.  Trans- 

1 La  Sem.  Med.,  March  9,  1910. 

2 Deut.  med.  Woch.,  March  18,  1897;  see  also  Gamier,  La  Presse  Med.,  July  12, 
1899,  p.  15;  Magnan,  Perpfere  and  Clayeux,  C.  R.  Soc.  de  Biol.,  tome  v,  1903,  p. 
1460;  Baldenweck,  La  Tribune  M6d.,  Aug.  6,  1904;  Fraser,  Edinburgh  Med. 
Jour.,  Oct.,  1904;  Le  Goic,  Rev.  de  Med.,  1904,  p.  631;  Reichelmann,  Deut.  Zeit. 
f.  Chir.,  1904,  Bd.  lxxiv,  p.  354. 

3 See  page  16. 
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position  of  all  the  organs  is  very  much  more  common  than  partial  hetero- 
taxy.  Pic  in  1895  collected  190  cases  of  more  or  less  complete  trans- 
position. 

Wandering  heart,  mobile  heart,  and  cardioptosis1  are  names  applied 
to  cases  in  which  the  heart  shows  unusual  degrees  of  mobility.  In  such 
cases  changes  in  posture  are  attended  by  conspicuous  alterations  in  the 
location  of  the  apex  of  the  organ.  Barie  refers  to  a case  in  which  the  move- 
ment amounted  to  14  cm.  Abrams  records  an  instance  in  which  the  pa- 
tient voluntarily  could  displace  the  apex  from  the  fifth  to  the  seventh 
intercostal  space.  In  many  of  these  cases  the  condition  is  congenital  and 
the  proof  that  it  is  ever  acquired  is  not  conclusive.  Rummo  thinks  that 
it  may  be  acquired,  but  is  due  to  congenital  abnormal  predisposition  and 
results  from  altered  tone  in  the  great  vessels  by  which  it  is  suspended; 
deficiency  in  the  elasticity  of  these  structures  may  also  be  the  cause. 

Any  one  of  these  malpositions  may  be  partial  or  complete,  no  two 
cases  being  equally  marked. 

(b)  acquired  malposition. 

The  heart  may  be  displaced  by  pressure  applied  by  neighboring  or 
adjacent  organs:  e.  g.,  by  hydrothorax  pushing  the  organ  toward  the 
unaffected  side;  under  this  head  should  be  included  the  malpositions  due 
to  aneurysm  and  mediastinal  disease. 

Emphysema  of  both  sides  pushes  the  heart  downward;  emphysema 
affecting  one  lung  displaces  the  heart  to  the  opposite  side.  Pleurisy, 
with  contraction,  or  a contracting  fibroid  pneumonia,  displaces  the  heart 
toward  the  affected  side.  Vegas  and  Aguilar2  record  an  instance  in 
which  dexiocardia  was  due  to  hydatid  cysts  of  the  left  lung  and  pleura. 
Diaphragmatic  hernia  displaces  the  heart  to  the  right  and  similar  ectopia 
results  from  eventration  of  the  diaphragm.  The  last-named  condition 
is  a peculiar  malformation  of  the  diaphragm  characterized  by  absence 
of  muscle  on  one  side,  permitting  the  affected  area  to  ascend  into  the 
thoracic  cavity;  the  lung  on  the  side  involved  is  collapsed  and  the  heart 
displaced.  The  stomach,  intestine,  and  spleen  usually  occupy  the  abnormal 
dome-shaped  cavity.  In  hypertrophied  hearts  the  axes  are  more  nearly 
parallel  with  the  axis  of  the  body  and  nearer  the  median  line. 

Malformation  of  the  Heart.3 

1.  Walls,  including  the  septa: 

(а)  Single  cavity. 

(б)  Arrest  of  cardiac  development  with  a single  auricle  and  a single 
ventricle,  a condition  permanent  in  the  chelonia  and  scaly  reptiles. 

1 Barrie,  La  Presse  Med.,  Jan.  27,  1904,  p.  57;  bibliography. 

2 Rev.  de  la  Soc.  med.  argentina,  September-October,  1904;  Rudolph  and 
Cummings,  Brit.  Med.  Jour.,  Oct.  20,  1906,  p.  1028;  Serio-Basile,  Riforma  Med., 
Naples,  March  22,  1909,  p.  309;  Scherb,  La  Presse  Med.,  Sept.  4,  1909,  p.  625. 

3 For  recent  review  of  cardiac  malformations  see  Thorel,  Lubarsch  and  Ostertag’s 
Ergebnisse  d.  allg.  Path.  u.  path.  Anat.,  Neunter  Jahrg.,  I Abt.,  1903,  p.  585; 
bibliography ; Robinson,  Bulletin  of  the  Ayer  Clinical  Laboratory  of  the  Penna.  Hosp., 
Jan.,  1905,  No.  2,  p.  45;  Maude  E.  Abbott,  Congenital  Cardiac  Disease,  Modern 
Medicine,  Osier  and  McCrae,  vol.  iv,  1908,  p.  323;  Wells,  Amer.  Jour,  of  Med.  Sci., 
Sept.,  1908,  p.  1 ; Wenner,  Virch.  Arch.,  Bd.  cxcvi,  H.  1,  p.  127;  Keith,  Lancet,  Aug.  7, 
14,  2i,  1909;  Mead,  Jour.  Amer.  Med.  Assoc.,  Dec.  24,  1910,  p.  2205. 
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(c)  Single  auricle  with  perforate  septum  between  the  ventricles. 

(d)  Single  auricle,  or  a patent  foramen  ovale,  an  attempt  at  closure 
of  the  septum  between  the  auricles,  with  normal  ventricles. 

2.  Blood-vessels. 

As  in  intrauterine  life  the  vessels  are  developed  from  five  branchial 
arches,  it  is  possible  to  have  innumerable  malformations  of  the  great 
vascular  trunks.  The  following  are  most  frequent: 

(a)  Patent  septum  between  the  pulmonary  artery  and  aorta,  a con- 


Fig.  224. — Malformation  of  the  Heart. 

A.  Fenestrum  in  undefended  space.  B.  Patulous 
ductus  arteriosus.  (Child  one  year  old.) 


3.  w 

Fig.  225. — Heart  Showing  Absence  of  Ante- 
rior Portion  of  Auricular  Septum. 

(Drawing  is  two-thirds  the  natural  size.) 

The  anterior  portion  of  the  septum  is  lacking, 
the  remainder  being  largely  membranous  in 
structure.  The  oval  light  area  below  and 
slightly  to  the  right  of  the  opening  probably 
corresponds  to  the  foramen  ovale,  although  this 
may  be  included  in  the  opening.  The  patient 
had  no  cardiac  symptoms  and  during  her  fatal 
illness  (pneumonia)  there  was,  at  no  time,  a 
susoicion  of  cardiac  abnormality.  Age  thirty- 
two  years. 


dition  permanent  in  the  crocodile.  The  fact  that  the  aorta  and  pulmon- 
ary artery  develop  from  a single  trunk  renders  the  condition  possible. 

(6)  Transposition  of  the  vascular  trunks , the  pulmonary  artery  arising 
from  the  left  heart  and  the  aorta  from  the  right.  In  some  cases  the  trans- 
position of  the  vascular  trunks  is  also  associated  with  transposition  of  the 
ventricles,  constituting  what  Rokitansky  called  corrected  transposition. 

(c)  Double  Aorta. — In  development  there  are  two  primitive  aortas, 
a right  and  a left;  ordinarily  the  right  disappears,  but  it  may  not  do  so. 

id)  Patulous  Ductus  Arteriosus. — When  stenosis  of  the  pulmonary 
artery  develops  before  occlusion  of  the  ductus  arteriosus,  the  communi- 
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cation  between  the  aorta  and  pulmonary  artery  may  remain  permanent. 
There  is  little  difference  between  this  and  a,  except  the  location,  the  latter 
being  immediately  at  the  heart. 

(e)  Stenosis  of  the  pulmonary  artery  is  probably  the  most  frequent 
cardiac  abnormality,  excepting,  of  course,  patulous  foramen  ovale.  The 
stenosis  varies  in  degree,  and  may  be  situated  immediately  at  the  valvular 
orifice  or  slightly  beyond  this  point,  or  may  be  manifest  in  the  trunk 
some  distance  from  the  orifice.  Occasionally,  stenosis  affects  the  conus 
arteriosus.  Stenosis  may  involve  the  aorta. 

(/)  Atresia  of  the  pulmonary  artery  or  of  the  aorta  is  possible  only 
with  persistent  communication  between  the  two  vessels  beyond  the  point 
of  occlusion. 


Fig.  226. — Malformed  Heart. 

a.  Aorta,  b.  Pulmonary  orifice,  c.  Opening  through  ventricular  seotum.  d.  Right^auriculo  ventric- 
ular orifice,  e,  e.  Rudimentary  left  ventricle.  /.  Interventricular  branch  of  left  coronary  artery. 

3.  Valves. — These  being  developed  from  the  endocardium  may  be 
in  excess  as  to  number  of  leaflets,  or  the  reverse;  a leaflet  may  be  re- 
dundant or  deficient.  Care  must  be  taken  not  to  confuse  the  results 
of  antenatal  endocardial  disease  with  malformations. 

Hypoplasia  of  the  heart  is  occasionally  observed.  The  organ  is  small — 
may  be  less  than  one-half  the  normal  size  and  weight  — and  usually 
possesses  porportionately  small  vessels.  The  vessels  may  be  hypoplastic 
without  the  heart  showing  marked  abnormality.  The  organ  may  be 
absent. 

Causes. — Malformation  of  the  heart  is  dependent  upon  arrest  or 
perversion  of  development.  The  stage  in  its  evolution  at  which  this 
occurs  largely  determines  the  character  of  the  malformation.  When 
cardiac  development  is  arrested  early,  the  organ  manifests  the  widest 
deviations  from  the  normal.  When  it  is  delayed  until  later  in  intra- 
uterine life,  or  when  the  usual  circulatory  changes  occurring  at  birth  are 
practically  normal,  malformation  is  usually  not  marked,  and  frequently 
gives  rise  to  no  phenomenon  leading  to  a suspicion  of  its  presence  later 
in  life. 

Aside  from  arrest  of  development,  as  a cause  of  cardiac  malformation, 
there  can  be  no  doubt  that  antenatal  endocarditis  may  give  rise  to  changes 
in  the  valve  leaflets,  or  in  the  orifices,  closely  allied  to  those  resulting 
from  postnatal  endocardial  inflammation. 

Course  and  Termination. — Aside  from  those  malformations  which 
mechanically  preclude  the  possibility  of  postnatal  circulation,  almost 
no  cardiac  deformity  has  been  described  that  may  not  be  compatible 
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with  a more  or  less  prolonged  extrauterine  existence.  The  accompanying 
lesions  and  associated  phenomena  are  due  to  circulatory  inefficiency, 
as  manifested  by  tendency  toward  stagnation  and  the  occurrence  of 
faulty  aeration.  The  mere  mixing  of  arterial  and  venous  blood  may 
produce  no  symptoms  or  alterations  in  other  organs  or  tissues.  If  the 
blood  can  be  kept  circulating  with  sufficient  activity  to  secure  aeration 
and  to  prevent  venous  distention,  the  patient  may  escape  any  manifesta- 
tion of  the  condition.  Clubbing  of  the  digits,  cyanosis  (morbus  cceruleus), 
thick  lips,  and  stubby  nose  with  thickened  alae,  may  all  be  taken  as  evi- 
dences of  disturbed  nutrition  and  inadequate  aeration.  The  polycythemia 
may  be  truly  remarkable,  as  in  the  case  reported  by  Baunholtzer:  pul- 


N 

Fig.  227.  Heart  Great  Vessels,  and  Lungs  from  a Case  of  Transposition  of  the  Vascular 
. Trunks. 

Lhild  lived  thirty-four  days.  Autoosy  by  Dr.  Ellis.  Philadelphia  Hospital  Specimen. 

A.  Aorta  which  arises  from  the  right  ventricle.  B.  Right  ventricle  laid  open.  C.  Innominate.  D. 
Common  carotid.  E.  Subclavian.  F.  Left  branch  of  the  pulmonary  artery;  the  right  branch  can 
be  seen  passing  under  the  aorta,  and  from  the  point  where  the  right  and  left  pulmonary  arteries  are 
given  oft  by  the  main  trunk  (G) , the  ductus  arteriosus  (H)  arises  and  passes  upward  to  the  aorta  (.4). 
I.  Left  auricle.  J.  Right  auricle.  K.  Left  pulmonary  vein.  L.  Left  coronary  artery  which  arises 
o . 7 cm.  above  the  origin  of  the  abnormally  placed  aorta.  M.  Left  ventricle.  Notice  that  the  right 
ventricular  wall  is  the  thicker  of  the  two.  N.  Left  lung.  O.  Right  lung. 


monary  stenosis  was  present,  and  the  blood  examination  showed  9,447,000 
erythrocytes  and  160  per  cent,  hemoglobin.  The  relatively  high  specific 
gravity  of  the  blood  of  the  new-born  (1060  to  1070)  often  persists.  Holt 
collected  242  cases  of  malformation  of  the  heart,  in  4 of  which  there  was  an 
associated  acute  endocarditis.  Robinson1  has  been  able  to  collate  17 
cases  of  acute  endocarditis  complicating  congenital  malformations;  he 
adds  two  original  observations. 

General  atrophy  of  the  heart  occurs  as  the  result  of  general  wasting, 
with  or  without  lessened  work,  the  organ  being  very  much  decreased 
in  size  and  weight.  A specimen  in  the  writer’s  laboratory  weighs  less 
than  three  ounces.  The  condition  can  usually  be  differentiated  from 
hypoplasia  by  the  fact  that  the  blood-vessels  remain  approximately 
normal  in  size,  while  the  corrugations  of  the  pericardium  and  endocardium 
indicate  the  diminution  in  volume. 

Local  atrophy  of  the  heart  affects  the  left  ventricle,  and  is  probably 

1 Bulletin  of  the  Ayer  Clinical  Laboratory  of  the  Penna.  Hospital,  lan.,  ioo^ 
No.  2,  p.  45. 
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a sequence  of  disuse.  A stenotic  mitral  orifice  permits  but  little  blood 
to  flow  into  the  left  ventricle  and  gives  it  but  little  work.  The  nutrition 
is  also  in  most  cases  below  the  normal.  The  condition  is  usually  accom- 
panied by  an  unusual  dilatation  of  the  right  side,  the  muscle  of  which 
may  also  be  hypertrophied.  Wasting  of  the  left  ventricular  wall,  under 
the  foregoing  circumstances,  is  comparable  to  the  hypoplasia  observed  in 
the  left  ventricle  as  a result  of  atresia  of  the  aorta,  or  of  the  right  ven- 
tricle when  the  pulmonary  artery  is  similarly  affected,  in  both  cases  the 
auricular  septum  being  patulous  or  absent. 

Brown  atrophy  of  the  heart  is  due  to  persistent  congestion  of  the 
muscle,  and  is  associated  with  old  age,  inanition,  and  allied  conditions. 
The  organ  is  of  a dark  chocolate  or  maroon  color,  hard  and  tough,  di- 
minished in  size  and  weight,  with  tortuous  vessels  and  wrinkled  endo- 
cardium, due  to  diminution  in  surface.  Hematoidin  or  hemofuscin  is  de- 
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Pig.  228. — Fatty  Infiltration  of  the  Heart  and  Partial  Pericardial  Adhesion. 

A,  A,  A.  Columns  of  fat  projecting  into  the  myocardium.  B,  B.  Parietal  pericardium  which  is  adherent  to 
the  apex  of  the  heart  from  C to  D.  E,  E.  Extrapericardial  fat. 

posited  in  the  muscle-cell  as  a granular  pigment,  near  the  ends  of  the  nu- 
cleus (polar  pigmentation)  ;the  fiber  is  shrunken,  and  there  is  also,  probably, 
a numeric  decrease.  The  exact  relation  of  this  pigmentation  to  wasting 
of  the  muscle-fibers  is  not  known.  McCallum1  states  that  Schiefferdeclcer 
regarded  polar  pigmentation  as  normal  in  the  heart  of  individuals  after 
the  tenth  year.  According  to  Gutch,2  there  is  a notable  reduction  in 
dhe  weight  of  the  organ  before  diminution  in  the  size  of  the  fibers  becomes 
pemonstrable.  Many  muscle-fibers  may  waste  to  the  point  of  disap- 
earance.  The  fibrous  tissue  may  be  notably  increased,  and  occasionally 
distinct  areas  of  induration  are  observed.  (See  Chronic  Myocarditis.) 

Cor  adiposum. — Fatty  infiltration  of  the  heart  occurs  in  general  obesity; 
after  the  permanent  changes  incident  to  pericarditis;  in  chronic  alcoholism; 
occasionally,  in  the  aged  and  the  insane.  There  is  enormous  increase 

1 Anatomischer  Anzeiger,  Centralbl.  f.  die  gesamte  wissenschaftliche  Anatomie, 
1897,  Bd.  xiii,  No.  23. 

2 Jour.  Path,  and  Bact.,  June,  1901. 
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in  the  subpericardial  fat;  fat-cells  infiltrate  between  the  muscle-fibers, 
and  probably  incommode  their  action.  In  a case  of  abnormally  slow 
pulse  the  bundle  of  His  was  found  infiltrated  with  fat.  Often  the  fat 
hangs  as  polypoid  masses  from  the  apex  of  the  organ  or  along  the  groove 
of  the  ventricular  septum.  From  the  margins  of  the  auricles  tuberous 
masses  of  fat,  sometimes  2 cm.  in  thickness,  hang  like  pendulous  new 
growths.  Some  believe  that  atrophy  of  the  fiber  may  be  induced;  during 
the  early  stage  of  the  process  this  is  not  probable,  as  the  fibers  in  the  mass 
are,  usually,  histologically  normal.  The  condition  is  also  called  lipo- 
matosis of  the  heart.  It  is  generally  held  that  this  condition  constitutes 
a frequent  cause  of  sudden  death,  the  overcrowded  muscle-fibers  failing 
to  contract,  or  the  fat,  having  penetrated  between  the  muscle-fibers, 
weakened  the  interlacing  network  and  led  to  rupture;  Fisher  believes 
that  rupture,  when  present,  is  not  due  to  the  infiltrated  fat  and  that  the 
process  does  not  predispose  to  rupture.  The  columns  of  fat  may  extend 
through  the  cardiac  wall.  A marked  overgrowth  of  the  fat,  and  persis- 
tence of  the  causes  that  lead  to  its  accumulation,  not  infrequently  termi- 
nate in  an  associated  degenerative  change  in  the  muscle-fibers.  Recently 
there  has  been  a tendency  to  consider  fatty  infiltration  and  fatty  degenera- 
tion as  identical  processes.  While  freely  admitting  considerable  doubt 
as  to  the  exact  nature  of  the  change  in  each  case,  none  could  consider 
identical  the  changes  represented  by  Fig.  107,  page  218,  and  Fig.  1 16,  page 
234.  In  some  cases  of  lipomatosis  the  muscle-fiber,  even  where  the  fat 
is  intercalated,  is  normal  in  color  and  texture,  and  often  is  firm  at  autopsy. 
This  condition  is  clearly  distinct  from  the  soft,  flabby  organ,  the  muscle 
of  which  looks  like  washed  meat,  and,  when  subjected  to  the  proper  re- 
agents, the  fibers  are  found  to  contain  a substance  indistinguishable 
from  fat;  in  most  of  the  latter  group  of  cases  there  is  no  increase  in  the 
subpericardial  fat  nor  are  columns  of  adipose  tissue  intercalated  between 
the  muscle-fibers. 

Lardaceous  Disease.1 — Albuminoid  or  amyloid  infiltration  of  the  heart 
may  occur  in  the  blood-vessels  of  the  organ  and  in  the  myocardium. 
The  heart  is  undernourished  and  anemic;  milky  opacity  of  the  endo- 
cardium of  the  right  auricle  is  the  most  common  macroscopic  phenomenon, 
although  any  of  the  cavities  may  exhibit  the  change.  It  responds  to 
the  usual  stains,  but  can  rarely  be  detected  except  by  the  microscope; 
in  two  cases  observed  by  Hecht  lardacein  was  recognized  macroscopically. 
As  a rule,  the  alterations  in  the  muscle-fiber  are  inconspicuous,  the  amyloid 
deposit  being  restricted  to  the  blood-vessels  and  the  connective  tissue 
between  the  fibers.  Sometimes  the  deposit  of  lardacein  is  nodular  rather 
than  diffuse.  Such  a case  was  reported  by  Steinhaus;  the  amyloid  and 
hyaline  nodules  were  irregularly  distributed  in  the  myocardium. 

Calcareous  infiltration  of  the  heart  may  occur  around  the  auriculo- 
ventricular  orifice,  usually  of  the  left  side,  in  the  valves,  in  the  heart 
muscle,  and  under  the  pericardium.  If  one  of  these  structures  has  been 
inflamed,  infiltration  of  the  inflammatory  products  with  lime  salts  oc- 
casionally follows.  Deposit  of  lime  salts  is  not  infrequent  in  areas  of 
myocardial  sclerosis  and  in  old  infarcts  and  other  necrotic  areas.  It 
is  also  a common  occurrence  in  connection  with  tuberculous  and  syphilitic 
lesions  of  the  myocardium.  Wiechert  attributed  the  calcification  to 
infection  by  the  paratyphoid  bacillus.  In  some  instances  the  extent  of 

1 Zeit.  f.  klin.  Med.,  vol.  xxv,  Nos.  5 and  6;  see  also  Beneke  and  Bonning,  Beitr. 
z.  path.  Anat.  u.  allg.  Path.,  1908,  xliv,  2. 
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the  calcareous  infiltration  was  beyond  anything  that  could  have  been 
anticipated.  In  Topham’s  patient  masses  of  bone  were  present.  In 
the  case  reported  by  Bramwell1  the  ventricular  wall,  muscle  columns, 
and  even  the  papillary  muscles  were  affected.  Many  similar2  but  probably 
less  marked  cases  have  been  recorded.  In  Dufour’s  patient  the  deposit 
was  nodular.  An  interesting  observation  in  connection  with  these  cases 
is  the  occasional  slowness  of  the  pulse,  which  sometimes  ranges  between 
30  and  40. 

Pigmentary  Infiltration  of  the  Heart. — By  some,  brown  atrophy  is 
considered  as  a form  of  infiltration  and  is  described  under  this  title. 
(See  p.  488.) 

Granular  degeneration  of  the  heart,  or  cloudy  swelling,  may  constitute 
an  initial  stage  of  fatty  degeneration,  or  run  its  course  without  any 
tendency  to  fatty  change;  the  latter  course  is  the  more  common.  (See 
Fig.  1 13,  p.  232.)  It  occurs  in  infectious  processes,  such  as  septicemia, 
erysipelas,  diphtheria,  beri-beri,  scarlet  fever,  and  typhoid  fever;  in  hy- 
perpyrexia, as  that  of  thermic  fever;  and  in  exhausting  diseases  generally, 
such  as  pernicious  anemia.  Bacterial  toxins  are  of  primary  importance 
in  the  production  of  the  process.  It  may  be  associated  with  pericarditis 
or  endocarditis,  either  as  a result  of  the  inflammation  or  dependent  upon 
the  same  cause.  The  heart  muscle  is  softer  than  normal,  is  slightly  edem- 
atous to  the  touch,  and  is  grayish  and  cloudy,  in  striking  contrast  to 
the  bright  red  of  the  normal.  Rigor  mortis  is  absent  in  advanced  cases. 
The  muscle-cells  are  more  or  less  loaded  with  granular  debris,  albuminoid 
and  not  fatty,  at  this  stage,  as  is  shown  by  the  granules  clearing  up  when 
treated  with  acetic  acid,  and  not  being  soluble  in  alcohol  or  ether. 

Fatty  degeneration  of  the  heart  occurs:  (1)  As  a general  process  in- 
vading the  entire  organ  or  the  whole  of  one  ventricle;  (2)  secondary 
to  some  local  lesion,  and  restricted  to  a small  area;  (3)  due  to  poisons, 
as  phosphorus. 

1.  Diffuse  or  General  Fatty  Degeneration  of  the  Heart* — This  form 
arises  from  the  same  causes  as,  and  is  probably  merely  a later  stage  of, 
granular  degeneration.  It  is  frequently  associated  with  arsenic,  phos- 
phorus, chloroform,  and  alcohol  poisonings,  and  other  toxic  conditions. 
More  or  less  fatty  degeneration  of  the  heart  is  observed  in  gout,  diabetes, 
and  chronic  parenchymatous  nephritis  particularly  when  uremia  is 
present.  A varying  quantity  of  fatty  degeneration  is  found  in  the  wasted 
hearts  of  chronic  pulmonary  tuberculosis.  The  papillary  muscles  and 
columnae  cameae  of  the  left  ventricle  show  the  change  to  the  best  advan- 
tage; they  are  light  brown  in  color,  and  running  across  them  are  yellow 
striae,  giving  them  a brindled,  streaked,  or  flecked  appearance— “ tabby- 
cat”  or  “tiger-heart”;  in  some  instances  the  muscle  is  pale  yellow  rather 
than  brown,  at  other  times  brownish-yellow — the  “faded-leaf”  color,  or 
“thrush  breast”  appearance;  in  the  cut  wall  the  fiber  lines  just  below 
the  pericardium  are  lost,  and  the  tissue  appears,  as  a rule,  uniformly 

Edinburgh  Hospital  Reports,  vol.  iv,  p.  175. 

2Pessel,  Munch,  med.  Woch.,  June  10,  1902;  Fowler,  Brit.  Med.  Jour.,  April  23, 
1904,  p.  952;  Dufour,  La  Bulle.  M6d.,  June  n,  1904;  Wiechert,  Inaug.  Diss., 
Marburg,  1907. 

3 Pratt,  Johns  Hopkins  Hosp.  Bull.,  Oct.,  1904;  Bolton,  Lancet,  Feb.  4,  1905, 
p.  278;  Cowan,  Jour,  of  Path,  and  Bact.,  June,  1902,  vol.  viii,  p.  177;  Thorel, 
Lubarsch  and  Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat.,  Neunter  Jahr. 
I Abt.,  1903,  p.  612;  Rubow,  Arch.  f.  Experiment.  Path.  u.  Pharmacol.,  Bd.  Hi,  H. 
3 and  4,  1905;  Babes,  Bull.  Soc.  biol.  de  Paris,  1908,  t.  I,  p.  761. 
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yellow.  Looking  through  the  pericardium,  or,  better,  the  endocardium, 
the  muscle  shows  yellow  and  red  striae,  the  latter  being  the  unaffected 
fibers.  The  process  is  diffuse  but  not  universal,  comparatively  normal 
fibers  lying  next  to  more  or  less  altered  ones.  The  cardiac  wall  may 
be  thinned  as  a result  of  dilatation,  and  the  orifices  may  be  dilated.  Ihe 
specific  gravity  of  the  muscle  is  lessened.  The  myocardium  can  usually 
be  readily  pinched  through.  Microscopic  or  even  macroscopic  hemor- 
rhages into  the  heart-wall  may  be  present.  Under  the  microscope  the 
affected  fibers  are  loaded  with  minute  oil  globules  not  larger  than  a red 
corpuscle.  They  differ  from  granular  fibers  in  that  the  fat  is  darkened 
by  osmic  acid,  stains  red  with  Sudan  III,  and  may  be  dissolved  in  ether. 
(See  Demonstration  of  Fat,  p.  234.)  Dunham1  believes  that  the  notable 
swelling  present  in  the  fibers,  during  the  earlier  stages  of  the  process, 
may  be  due  to  the  fact  that  the  fiber  takes  up  nutritional  substances  that 


Fig.  229. — Fatty  Degeneration  of  the  Heart.  (Specimen  fixed  in  osmic  acid,  rendering  the  fat  globules 

black.) 

Near  the  center  of  the  drawing  are  a number  of  red  blood-cells.  ( From  a case  of  pernicious  anemia  in 
the  Jefferson  Medical  College  Hospital,  service  of  Professor  J . C.  Wilson.) 


it  cannot  properly  convert;  this  belief  is  in  line  with  the  conviction  of 
other  observers  that  the  process  partakes  of  some  of  the  characters  of  an 
infiltration.  According  to  Cowan,  the  cement  substance  between  the 
cells  and  the  nuclei  never  becomes  fatty.  In  some  cases  fat  droplets  can 
be  demonstrated  in  the  capillary  endothelium,  and  in  such  instances  the 
myocardial  change  is  usually  most  marked  immediately  around  the 
affected  vessels  (para-arterial  or  peri-arterial  form). 

The  termination  of  the  granular  and  fatty  metamorphoses  is  likely 
to  be  the  same:  (a)  sudden  syncope  and  death  from  failure  to  contract; 
(6)  gradual  failure  by  reason  of  increasing  incompetency  to  maintain  the 
circulation.  Rupture  of  the  heart  is  not  common  in  diffuse  or  general 
fatty  degeneration  of  the  organ,  as  the  cardiac  muscle  has  not  the  power 
so  to  raise  the  intracardiac  pressure  as  to  endanger  the  weakened  walls. 
It  is  probable  that,  in  the  granular  stage,  regeneration  and  recovery  may 
ensue;  this  becomes  less  likely  as  the  fatty  stage  advances.  Clinicians 
commonly  maintain  that  repair  is  possible  even  when  fatty  change  is 

1 Med.  Record,  Feb.  16,  1901. 
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advanced.  Under  such  circumstances  it  is  held  that  the  destroyed  fiber 
is  absorbed  and  the  adjacent  fibers  undergo  hypertrophy,  and  in  that 
way  compensate  for  the  tissue  that  has  been  lost.  As  it  is  not  improbable 
that  in  cardiac  hypertrophy  new  fibers  are  formed,  with  the  associated 
enlargement  of  existing  fibers,  the  possibility  of  a similar  change  following 
the  subsidence  of  the  disorder  at  present  under  consideration  must  be 
admitted. 

2.  The  second  form  of  fatty  degeneration  is  sometimes  spoken  of  as 
partial  or  local.  It  is  due  to  a local  ischemia,  such  as  results  from  atheroma, 
calcification,  embolic  plugging,  or  thrombosis  of  some  branch  of  the  coro- 
nary arteries,  which  are,  to  a certain  extent,  terminal.  The  lesion  is 
manifested  by  the  presence  of  a softened  spot  in  the  ventricular  wall, 
pale  yellowish-brown  in  color,  frequently  greasy  to  the  touch,  and  oc- 
casionally containing  oil  globules,  visible  macroscopically.  Sometimes 
the  degenerated  area  is  surrounded  by  a zone  of  hyperemia.  The  rapidity 
with  which  the  process  develops  varies  in  different  cases,  depending  upon 
the  promptness  with  which  the  cause  acts.  When  there  has  been  a sud- 
den arrest  of  blood-supply,  the  process  will  commonly  be  rapid  and  the 
changes  observed  resemble  those  attending  infarction.  On  the  other 
hand,  when  the  local  change  is  brought  about  by  gradual  encroachment 
upon  the  lumen  of  the  coronary  artery  or  a branch,  the  lesion  is  delayed, 
and  opportunities  are  afforded  for  an  associated  overgrowth  of  fibrous 
tissue.  As  a rule,  the  degenerative  change  is  limited  to  a single  focus, 
which  is  located  on  the  anterior  aspect  of  the  left  ventricle  near  the  apex. 
Less  commonly,  a corresponding  point  on  the  wall  of  the  right  ventricle 
is  involved.  The  degenerated  area  is  rarely  large,  as  the  conditions  that 
bring  it  about,  if  affecting  a considerable  extent  of  the  cardiac  wall, 
usually  cause  death  before  the  manifestation  of  any  degenerative  lesion. 
Occasionally,  more  than  one  area  is  involved.  Microscopically,  the  changes 
already  described  are  more  marked  than  in  the  general  variety,  as  the 
patient  usually  lives  longer,  and  the  small  focus  advances  further.  The 
process  may  be  followed  by:  (a)  Rupture,  which  is  rare  in  the  general 
degeneration;  ( b ) aneurysmal  bulging;  (c)  fibroid  processes  may  convert 
the  mass  into  cicatricial  tissue;  (d)  the  area  may  be  so  small  as  to  give  no 
determining  phenomena.  (See  Infarction  of  the  Coronary'-  Arteries.) 

3.  The  third  form  of  fatty  degeneration — that  due  to  poisoning — 
toxic  degeneration  of  the  heart  muscle,  results  most  commonly  from  phos- 
phorus, but  occasionally  from  arsenic  and  antimony.  It  presents  the 
changes  already  given,  and  responds  to  the  general  stain  and  chemic 
tests  of  the  ordinary  fatty  degeneration;  if  an  opinion  is  to  be  given  in 
a suspected  poisoning  case  as  to  the  presence  or  absence  of  fatty  degenera- 
tion, it  must  be  formed,  if  it  is  possible  to  form  such  an  opinion,  while 
the  tissue  is  fresh.  The  term  toxic  degeneration  is  not  altogether  appro- 
priate, as  the  degenerative  changes  resulting  from  various  infections  are 
essentially  of  toxic  origin. 

Vacuolar  degeneration  of  the  myocardium1  is  first  manifested  by  swell- 
ing of  the  fibers,  nuclear  fragmentation,  vacuoles,  longitudinal  splitting 
of  fibers,  and  eventual  loss  of  striation.  Findlay  was  unable  to  determine 
the  nature  of  the  vacuoles. 

Hyaline  degeneration  of  the  heart  differs  from  the  albuminoid  or  gran- 
ular change  in  that  the  heart  muscle-fibers  are  converted  into  a hyaline, 
vitreous  substance  resembling  the  material  that  results  from  the  vitreous 

1 Jour.  Path,  and  Bact.,  Aug.,  1905,  p.  397. 
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change  in  other  muscles,  known  as  Zenker’s  degeneration.  When  present, 
the  structural  alteration  has  been  discovered  by  the  microscope  and  not 
by  macroscopic  evidences. 

Occasionally  without  apparent  cause  or  accompanying  hyaline  de- 
generation the  muscle-fibers  may  be  fragmented;  separation  of  the  frag- 
ments may  be  at  the  junction  of  the  muscle-cells  or  directly  through  the 
cell-wall.  When  this  condition  is  present,  Renaut  has  proposed  the  name 
segmentary  myocarditis,  or  myocardial  segmentation  or  fragmentation.1 
Bulig  is  of  the  opinion  that  many,  if  not  all,  instances  of  segmentation 
and  fragmentation  are  artifacts  produced  by  the  microtome  knife.  Strek- 
eisen  believes  that  fragmentation  is  dependent  upon  violent  cardiac  con- 
tractions during  the  agonal  period.  He  holds  that  a preliminary  weaken- 
ing of  the  muscles  is  not  necessary  to  the  occurrence  of  fragmentation,  as 
shown  by  the  frequency  with  which  it  occurs  when  death  has  been  due  to 
accident  and  when  no  associated  lesion  can  be  detected. 

Postmortem  Changes  in  the  Myocardium. — Peculiar  patches  of  a yel- 
lowish or  grayish-yellow  color,  situated  immediately  under  the  pericar- 
dium, have  been  noticed.  They  usually  contain  bacteria,  but  not  the  tis- 
sue reactions  incident  to  an  infection.  The  change  resembles,  in  a limited 
way,  an  embolic  process.  Weber  regards  the  condition  as  a postmortem 
change  in  an  area  of  infection,  which  infection  occurred  just  before  death. 

Myocarditis,  or  inflammation  of  the  cardiac  muscle,  may  be  acute  or 
chronic,  local  or  diffuse,  and,  though  primary  types  have  been  described, 
it  is  probably  always  secondary  to  some  other  affection.  With  regard 
to  the  genesis  of  the  condition,  one  of  the  first  difficulties  encountered  is 
differentiation  of  inflammation  from  some  of  the  degenerative  changes 
described  in  previous  pages.  The  scope  of  this  work  does  not  permit  a 
discussion  of  the  clinical  and  pathologic  phases  of  the  subject.  It 
may  be  stated,  however,  that  clinicians  and  pathologists  are  not  agreed 
as  to  the  line  that  may  be  drawn  between  myocardial  degenerations, 
necrosis,  and  inflammations.  There  are  points  at  which  the  three  condi- 
tions appear  to  become  indistinguishable.  For  the  purpose  of  this  work 
acute  myocarditis  may  be  divided  into  the  simple  and  suppurative,  and 
the  chronic  myocarditis  into  the  fibroid,  and  fibroelastic  or  elastic  types. 

The  term  acute  parenchymatous  myocarditis  has  been  applied  to  the 
lesions  that  I have  characterized  above  as  degenerative.  Theoretically 
in  this  form  the  alteration  is  restricted  to  the  muscle-fiber  with  no  im- 
portant alteration  and  no  cellular  infiltration  in  the  interstitial  tissue. 
The  condition  possesses  no  anatomic  feature  or  clinical  character  by  which 
it  may  be  separated  from  some  of  the  myocardial  degenerations.  For 
these  reasons  my  inclination  is  to  suppress  the  term. 

Acute  nonsuppurative  or  simple  myocarditis2  is  observed  in  acute  in- 

1 Thorel,  Lubarsch  and  Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat., 
Neunter  Jahr.,  I Abt.  1903,  p.  622;  Buhlig,  Jour.  Med.  Research,  May,  1902; 
MacCallum,  Anatomischer  Anzeiger,  1897,  xiii,  p.  609;  Giacomelli,  Rif.  Med., 
Nov.  3,  4,  and  5,  1902. 

2 The  following  references  on  acute  myocarditis  may  be  consulted:  Thorel, 

Lubarsch  and  Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat.,  Neunter  Jahr.  I 
Abt.  1903,  632;  Bianchini,  Riv.  di  patol.  nerv.  e ment.,  1901,  No.  9;  Aubertin  and 
Babonneix,  Gaz.  des  Hop.,  Aug.  8,  1901;  Merklen,  La  Presse  Med.,  Dec.  4,  1901; 
Cowan,  Jour,  of  Path,  and  Bact.,  Aug.,  1903,  p.  87;  Guido,  Brit.  Jour,  of  Chijd. 
Dis.,  vol.  i,  No.  12;  Sotti,  Arch,  per  lc  Sc.  med.,  1904,  vol.  xxviii;  also  Giornale 
della  R.  Accad.  di  Med.  di  Torino,  February  March,  1904;  Carpenter,  Lancet,  Oct.  1, 
1904,  p.  947;  Schmaltz,  Munnch.  med.  Woch.,  Aug.  9,  1904;  Sellentin,  Zeit.  f. 
klin.  Med.,  1904,  Bd.  liv,  p.  298;  Saltykow,  Virch.  Arch.,  Bd.  clxxxii,  Heft  1,  p.  1; 
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fectious  diseases,  particularly  those  due  to  organisms  incapable  of  pro- 
ducing suppuration.  The  condition  is  observed  in  rheumatism,  scarlet 
fever,  diphtheria,  influenza,  chronic  uremia,  smallpox,  and  occasionally 
in  pneumonia,  typhoid,  malaria,  and  syphilis.  The  essential  feature  in 
its  production  seems  to  be  intense  toxemia,  and  apparently  the  condition 
may  occur  without  the  presence  of  bacteria  in  the  myocardium.  In  cases 
reported  by  Sellentin  bacteria  were  not  found  in  the  affected  myocardium 
nor  was  there  evidence  of  infection  in  other  tissues.  According  to  Escu- 
dero,  the  myocarditis  of  influenza  may  be  of  the  acute,  nonsuppurative 
type,  in  which  case  it  is  toxic,  or  mixed  infection  may  give  rise  to  the 
suppurative  lesion.  It  has  been  observed  in  tuberculosis  even  when  there 
was  no  evidence  of  the  tubercle  bacillus  in  the  myocardial  structures. 
The  myocarditis  observed  by  Pearce  and  also  by  Fleisher  and  Loeb  in 
experimental  studies  properly  belongs  here.  Toxic  influences  and  asso- 
ciated strain  and  abnormal  stress  seem  to  be  factors  in  its  production. 

Morbid  Anatomy. — The  heart  is  usually  softer  than  normal  and,  as 
a rule,  pale.  In  some  cases,  however,  the  color  is  dark  and  beefy,  but 
rarely  uniformly  so.  When  local  or  nodular,  pale  grayish  areas  indif- 
ferently outlined  may  sometimes  be  recognized.  Histologically  the 
muscle-fibers  are  swollen,  the  nuclei  obscured,  and  the  interstitial  tis- 
sue of  the  affected  area  contains  mononuclear  cells,  some  of  which  may 
possess  the  morphology  and  stain  reaction  of  plasma  cells.  In  advanced 
cases  areas  can  be  found  in  which  the  muscle-fibers  have  disappeared, 
the  space  so  created  being  occupied  by  mononuclear  cells.  The  per- 
centage of  these  cases  in  which  recovery  occurs  is  not  known,  nor  are  we 
in  possession  of  any  accurate  information  as  to  the  later  changes  in  pa- 
tients who  survive.  It  has  been  held  that  the  acute,  nonsuppurative, 
interstitial  myocarditis  may  constitute  the  basis  of  a chronic  fibroid 
lesion  that  develops  later.  There  can  be  no  doubt  that  the  cardiac 
symptoms,  in  many  acute  infectious  diseases,  may  be  due,  at  least  in 
part,  to  acute,  nonsuppurative  myocardial  inflammation. 

Acute  suppurative  myocarditis — myocardial  abscess  or  metastatic 
abscess  of  the  heart — usually  follows  an  infection  of  the  cardiac  wall  in- 
duced by  the  deposit  of  infected  emboli.  The  condition  is  most  fre- 
quent in  pyemia  and  septicemia,  and  particularly  in  such  mycoses  of  the 
blood  as  commonly  accompany  osteomyelitis,  suppurative  thrombophle- 
bitis, and  endocarditis  due  to  pyogenic  organisms.  In  other  cases  the  in- 
fection results  from  extension  of  bacteria  from  the  endocardium  or  myo- 
cardium. The  foci  of  suppuration  are  usually  situated  in  the  anterior 
portion  of  the  left  ventricular  wall.  In  the  earlier  stages  they  present  the 
gross  appearances  of  an  infarct;  later,  pus  may  be  evident,  and  may 
burrow  toward  the  endocardium  or  the  pericardium.  The  abscesses  are 
rarely  large,  are  not  infrequently  microscopic,  but  may  attain  a diameter 
of  0.25  to  0.5  cm.  The  adjacent  heart  muscle  usually  shows  the  changes 
incident  to  infective  processes  independent  of  actual  bacterial  invasion. 
Occasionally  extensive  polynuclear  infiltration  of  the  myocardium  occurs 
without  the  formation  of  definite  foci  characterizing  abscesses;  the  process 
in  this  form  is  more  widespread  and  may  be  termed  acute  diffuse  suppura- 
tive myocarditis. 1 Bacteria  are  constantly  present,  having  entered  through 

Pearce,  Jour,  of  Exper.  Med.,  vol.  viii,  3;  deLagoanere,  These  de  Lyon,  1908-1909; 
Arloing  and  deLagoanere,  C.  R.  Soc.  Biol.,  t.  lxvi,  1909,  p.  32;  Fleisher  and  Loeb, 
Arch.  Internal  Med.,  Feb.,  1909,  p.  1. 

1 Beck  and  Stokes,  Jour.  Amer.  Med.  Assoc.,  Sept.  24,  19x0,  p.  1065. 
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the  circulation  or  from  pyogenic  infections  of  the  pericardium  or  endo- 
cardium. 

Chronic  interstitial  or  sclerotic  myocarditis1  (also  called  productive 
myocarditis,  fibrous  transformation,  fibrous  degeneration  of  the  myo- 
cardium, and  fibrous  infiltration)  is  a chronic  process  associated  with  the 
formation  of  fibrous  tissue  in  the  myocardium. 

Causes. — Although  not  established  beyond  the  possibility  of  a doubt, 
it  is  probable  that  acute  nonsuppurative  interstitial  myocarditis  may  lead 


Fig.  230. — Diagram  Showing  the  Distribution  of  the  Coronary  Artery  in  a Case  of  Local  Fibroid 

Myocarditis. 

A.  Aorta.  B.  Pulmonary  artery.  C.  Superior  vena  cava.  D.  Posterior  interventricular  branch  of  the 
right  coronary  artery.  E.  Auricular  appendage.  F.  Right  auricular  branch.  G.  Right  coronary 
artery.  FI.  Periventricular  branch.  I.  Right  marginal  branch.  J.  Posterior  interventricular  branch 
of  the  right  coronary  artery.  K.  Left  coronary  artery.  L.  Terminal  branch  of  the  left  coronary 
artery.  M.  Anterior  interventricular  branch  of  the  left  coronary  artery.  N.  Occluded  artery  corre- 
sponding in  position  to  the  left  periventricular  branch.  The  left  marginal  branch  was  farther  to 
the  side  and  could  not  be  indicated  in  this  drawing  without  causing  confusion.  O.  Point  of  occlusion. 
P,  P.  The  dotted  line  marks  the  border  of  the  most  advanced  myosclerotic  area. 

to  the  chronic  fibroid  form.  The  most  frequent  cause  of  myocardial 
induration  is  disease  of  the  coronary  artery  of  such  a type  as  to  lessen  the 
blood-supply  in  the  main  trunk  or  in  one  or  more  of  its  branches.  This 
influence  may  result  from  atheroma  of  the  aorta  so  situated  as  to  involve 
the  coronary  artery  at  its  point  of  egress;  a nodular  ring  often  surrounds 
the  coronary  in  such  a way  as  clearly  to  lessen  the  lumen  and  reduce  the 

1 Thorel,  Lubarsch  and  Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat., 
Neunter  Jahr.  I Abt.  1903,  p.  645;  Cowan,  Jour,  of  Path,  and  Bact.,  Dec.,  1903, 
p.  210.  Gibson,  Lancet,  Dec.  5,  1903,  p.  1565;  Jackson,  Boston  Med.  and  Surg. 
Jour.,  Sept.  29,  1904;  Aschoff,  Arch,  de  Med.  Exper.  et  d’Anat.  Path.,  Nov.,  1904, 
p.  984;  Zuppinger,  Arch.  f.  Kinderheilkunde,  vol.  xxxv;  Camac,  Johns  Hopkins 
Hosp.  Bull.,  Feb.,  1904,  vol.  xv;  Coplin,  Proceed,  of  Path.  Soc.  of  Phila.,  n.  s.,  vol.  vi; 
Fleisher  and  Loeb,  Arch.  Intern.  Med.,  Oct.,  1910,  p.  427. 
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quantity  of  blood  that  enters  the  vessel.  In  other  cases  the  sclerotic 
process  affects  one  or  more  of  the  coronary  branches,  producing  a local 
effect  on  nutrition  and  terminating  in  the  evolution  of  a more  or  less 
circumscribed  area  of  so-called  fibroid  myocarditis.  The  branch  usually 
affected  is  the  anterior  interventricular  stem,  usually  in  the  lower  third  of 
the  course.  In  the  heart  from  which  the  diagram  shown  in  Fig.  230  was 
made  the  periventricular  branch  was  affected,  and  at  this  point  a notable 
increase  in  fibrous  tissue  and  a proportionate  wasting  of  the  muscle 
occurred,  giving  rise  to  slight  aneurysmal  bulging.  So  constantly  is 
fibroid  myocarditis  associated  with  disease  of  the  nutrient  vessels  that 
Musser  has  suggested  calling  the  condition  coronary  artery  disease.  It  may 
also  accompany  chronic  endocarditis,  either  associated  with,  or  independ- 
ent of,  valvular  incompetency  or  stenosis.  Chronic  inflammations  of  the 


Fig.  231. — Arteriosclerotic  Disease  of  the  Coronary  Artery  Giving  Rise  to  Progressive  Oblitera- 
tion of  its  Lumen. 

Section  taken  from  sclerotic  periventricular  branch  shown  in  Fig.  230.  The  elastic  lamella  are  fragmented , 
the  endothelium  has  proliferated,  and  a forming  thrombus  is  rapidly  occluding  the  vessel. 

A.  Forming  thrombus  covered  at  most  points  by  endothelium.  B.  Channel  through  thrombus  with  par- 
tial wasting  of  adjacent  vessel  wall.  C,  C.  Transverse  section  of  muscle-fibers,  showing  fragmenta- 
tion and  retraction  from  the  myocardial  skeleton.  D.  Unusually  conspicuous,  apparently  swollen  elas- 
tica;  the  same  change  can  be  seen  in  many  parts  of  the  field.  The  fine  stipple  effect  in  the  lower  part 
of  the  figure,  and  especially  marked  in  the  lower  right,  is  due  to  transverse  sectioning  of  elastic  fibers. 


pericardium,  congestion  of  the  cardiac  veins,  increased  venous  tension, 
such  as  is  seen  in  emphysema,  interstitial  pneumonia,  and  chronic  pleurisy, 
are  also  causes.  It  is  frequently  present  in  dilated  hearts,  and  constitutes 
one  of  the  manifestations  of  syphilis  and  of  malaria.  It  is  maintained 
that  the  sclerotic  changes  of  myocarditis  may  be  consecutive  to  myocardial 
degeneration  and  necrobiosis  brought  about  by  various  bacterial  toxins. 
The  fibrous  increase  has  been  experimentally  produced  by  pyocyaneus- 
toxin  (Charrin),  and  the  poison  of  the  diphtheria  bacillus  is  believed  to  lead 
to  lesions  of  the  muscle-fibers  followed  by  fibroid  increase  (Mollard  and 
Regaud).  It  is  generally  conceded  that  the  fibrosis  is  secondary  to 
alterations  in  the  muscle-fiber  and  not  the  reverse.  That  myocarditis 
results  from  rupture  of  the  muscle-fibers  is  possible;  the  experiments  of 
Fleisher  and  Loeb  support  the  view  that  excessive  mechanical  strain  may 
produce  lesions  terminating  in  an  increase  in  the  interstitial  tissue. 

The  preceding  review  of  the  important  causes  of  fibroid  myocarditis 
suggests  the  recognition  of  two  forms.  In  one  of  these  the  process  is  more 
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or  less  sharply  outlined,  and  constitutes  what  may  be  called  the  local  or 
circumscribed  form  of  the  affection.  In  other  cases  the  process  is  diffuse, 
a large  part  of  the  myocardium  is  affected,  although  the  change  is  not 
uniform.  To  this  condition  has  been  given  the  name  diffuse  interstitial 
myocarditis.  Weber  and  also  Huchard  have  proposed  certain  subdivisions 
based  upon  the  histology  of  the  affected  tissues.  It  is  possible  to  recognize 
a perivascular  type  in  which  the  fibrous  tissue  immediately  surrounds  the 
blood-vessels  distributed  in  the  myocardium.  In  other  cases  the  sclerosis 
appears  to  bear  no  relation  to  branches  of  the  coronary  artery,  and  for  this 
the  name  dystrophic  fibrosis  has  been  proposed.  Letulle  was  the  first  to 


Fig.  232.- — Chronic  Myocarditis.  ( Schmaus .)  X 150  diameters. 
m.  Cardiac  muscle-fibers,  b,  b.  Newly  formed  fibrous  connective  tissue.  This  can  often  be  demonstrated 
to  be  of  different  ages,  and  in  the  older  parts  calcareous  change  may  have  occurred. 


call  attention  to  the  fact  that  in  some  of  these  cases  the  new  tissue  is 
largely  elastica,  and  for  this  condition  he  proposed  the  name  elastic 
myosclerosis.  Like  the  simple  fibroid  types,  this  form  may  be  diffuse  or 
circumscribed.  In  some  cases  of  myosclerosis  the  involved  areas  are  ex- 
tremely hard,  and  for  such  the  name  myosclerosis  dure  has  been  suggested ; 
when  the  affected  areas  are  soft,  the  condition  is  called  myosclerosis  molle. 

Local  or  circumscribed  fibrous  myocarditis  is  usually  attributed  to  a 
cause  that  has  affected  only  a part  of  the  cardiac  wall,  such  as  the  anemia 
following  gradual  occlusion  of  a branch  of  the  coronary  artery,  infarction, 
and  local  fatty  degeneration.  The  fibrous  area  may  be  small,  irregularly 
outlined,  and  less  than  1 cm.  in  diameter.  It  may  or  may  not  extend 
through  the  heart-wall.  In  other  cases  the  area  of  fibrosis  may  equal 
one-third  of  the  ventricular  wall,  and  in  some  instances  larger  areas 
have  been  found.  The  process  is  most  frequent  at  or  near  the  apex  of  the 
left  ventricle.  When  fully  developed,  the  fibrous  area  is  dense,  like  a 
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cicatrix,  constituting  the  so-called  “heart-scar.”  Some  of  the  collections 
of  fibrous  tissue  probably  represent  efforts  at  repair  in  areas  of  past 
necrosis.  The  fibrous  tissue  sometimes  contains  pigment  and  calcareous 
matter,  and  muscle-fibers  may  be  absent.  The  presence  of  pigment  is 
suggestive  of  hemorrhagic  infarction.  When  the  entire  thickness  of  the 
heart-wall  is  involved,  and  even  sometimes  when  only  a part  has  become 
fibroid,  aneurysmal  bulging  may  occur.  The  rather  sharply  outlined 
margin  at  times  observed,  suggests  that  some  of  these  heart-scars  are 

B 
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Fig.  233. — Heart,  Elastic  Myocarditis. 

A.  Endocardium  greatly  thickened  and  rich  in  elastica.  B.  Artery  with  enormous  increase  in  elastica  and 

'proliferation  in  intima.  Other  vessels  show  similar  changes.  C.  V essel  practically  occluded  by  a 
thrombus. 

really  healed  gummata.  The  occurrence  of  scars  of  evidently  different 
ages,  associated  with  the  presence  of  absorbing  gummata,  would  certainly 
seem  to  be  conclusive. 

In  diffuse  interstitial  myocarditis  the  fibrous  tissue  is  widely,  but 
not  uniformly,  distributed.  The  abundance  of  the  new  tissue  between 
the  cardiac  muscle-fibers  has  to  a certain  extent  justified  the  appellation 
fibroid  infiltration.  Most  observers,  as  already  stated,  do  not  consider 
the  increase  of  fibrous  tissue  an  evidence  of  past  or  existing  inflammation, 
but  rather  a substitutive  fibrosis,  the  fibrous  tissue  having  replaced  atro- 
phied, degenerated,  or  necrotic  muscle-fibers. 

Morbid  Anatomy. — The  cardiac  muscle  is  usually  firmer  than  normal; 
this  abnormal  density  is  not  uniform  in  distribution.  Occasionally, 
whitish  areas  of  sclerosis  may  be  recognized  in  the  ventricular  wall. 
White  lines  are  frequently  present  on  the  column*  carneas;  the  tendons 
of  the  papillary  muscles  seem  to  be  projected  toward  the  cardiac  wall 
as  whitish  streaks,  often  extending  nearly  to  the  base  of  the  papillae. 
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Under  the  microscope,  fibrous  tissue  can  often  be  demonstrated  in 
various  stages  of  development.  Not  infrequently  calcareous  infiltration 
is  present,  and  the  muscle-fibers  usually  show  some  granular  change, 
and  occasionally  pigmentation.  Interference  with  function  is  always 
probable;  it  may  be  slight,  but  in  most  instances  dilatation  comes  on 
rapidly  and  gradual  failure  of  the  heart  takes  place. 

Local  or  circumscribed  elastic  myocarditis  does  not  differ  conspicu- 
ously from  the  fibroid  form;  the  distribution  is  essentially  the  same  in 
both.  The  affected  tissue  is  softer,  lighter  in  color,  and  usually  more 


A. 


Fig.  234. — Heart,  Elastic  Myocarditis. 

Transverse  section  of  a muscle  column  at  the  point  where  it  joins  the  ventricular  myocardium. 

What  appears  to  be  the  remains  of  a central  vessel.  Around  this  are  arranged  the  concentric  lamina  of 
swollen  and  at  points  fragmented  elastica.  The  fine  granules  between  the  strands  are  transverse 
sections  of  elastica  disposed  longitudinally.  B,  B.  Thickened  endocardium.  At  this  point  the  section 
shows  the  elastica  to  be  cut,  for  the  most  part,  transversely.  C,  C.  Points  of  hemorrhage  im- 
mediately beneath  the  endocardium.  The  lower  part  of  the  field  is  occupied  by  altered  myocardium. 
Many  of  the  muscle-fibers  are  granular,  some  appear  vacuolated,  and  the  interstitial  fibrous  tissue  is 
increased. 


vascular  than  in  the  purely  fibroid  type.  When  approaching  the  peri- 
cardium or  endocardium,  especially  the  latter,  and  when  involving  the 
columnae  carneae,  or  papillary  muscles,  a bright,  grayish,  shiny  appear- 
ance, resembling  mother-of-pearl,  is  produced.  Histologically  the  most 
striking  feature  is  the  enormous  increase  in  the  elastica.  This  substance 
can  be  seen  as  rather  coarse  wavy  fibrils,  the  direction  of  which  frequently 
corresponds  to  the  course  originally  taken  by  the  muscle-fibers. 

Diffuse  elastic  myocarditis,  in  the  milder  cases,  gives  rise  to  no  gross 
alteration.  The  muscle  may  be  normal  in  color  and  elasticity;  usually 
when  pinched  there  is  more  resistance  than  in  health.  In  some  cases  a 
slight  grayish  opacity  is  present  beneath  the  endocardium,  but  often  this 
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is  not  marked;  histologically  the  distribution  of  the  hyperplastic  elastica 
is  more  likely  to  be  nodular  and  perivascular  than  the  fibrous  tissue  of  the 
dystrophic  type.  The  origin  of  the  newly  formed  elastic  tissue  is  usually 
obscure;  in  some  of  the  perivascular  lesions  it  may  be  possible  that  it 
arises  from  the  elastica  of  the  blood-vessels.  The  relatively  broad  bands, 
sometimes  visible  immediately  beneath  the  endocardium,  could  not 
result  from  proliferation  of  the  elastica  of  the  normal  vessels,  and,  as 
Letulle  suggests,  must  have  arisen  from  the  elastic  skeleton  of  the  myo- 
cardium. It  is  reasonable  to  assume  that  in  elastic  myocarditis  the 
propulsive  action  of  the  heart  is  less  disturbed  than  in  the  fibroid  myo- 
sclerosis. The  clinical  histories  of  some  of  the  patients  support  this 
suggestion.  Occasionally  both  fibroid  and  elastic  myocarditis  are  con- 
current. 

Lesions  of  the  Atrioventricular  Bundle.1 — Any  lesion  disturbing  the 
continuity  of  the  fibers  of  the  bundle  of  His,  or  involving  the  nodes  in 
which  the  stimuli  arise  may  perturb  rhythm  and  otherwise  modify  the 
relation  between  auricular  and  ventricular  contraction.  In  acute  infec- 
tions the  bundle  may  participate  in  the  degenerative  changes  affecting 
the  remainder  of  the  heart;  it  may  be  infiltrated  by  erythrocytes  (hemor- 
rhage) or  by  leukocytes  (inflammation) ; infarction,  areas  of  necrosis,  and 
abscesses  are  also  occasionally  observed.  Among  the  more  chronic 
lesions  may  be  mentioned  fatty  infiltration  and  degenerative  change, 
nodular  fibrosis,  gumma,  tuberculous  infiltration,  and  neoplasms. 

When  stimuli  arising  in  the  auricle  are  not  propagated  to  the  ventricle 
the  condition  has  been  called  “heart  block”  which  may  be  partial  or 
complete.  The  pulse  is  slow,  in  some  cases  epileptiform  seizures  occur, 
constituting  parts  of  a condition  called  Stokes-Adams  disease  or  Stokes- 
Adams  syndrome.  Krumbhaar  and  others  have  reported  cases  in  which 
lesions  of  the  bundle  were  absent  or  at  least  not  demonstrable,  indicating 
that  extracardial  forms  of  the  disease  occur. 

Aneurysm  of  the  heart  results  from  any  of  the  preceding  conditions 
which,  at  any  one  point,  lessens  the  resistance  of  the  cardiac  wall.  Bulg- 
ing occurs,  the  wall  of  the  aneurysm  being  either  a saccular  mass  without 
constriction  or  a separate  cavity  communicating  with  the  ventricle  by  a 
definite  opening.  A specimen  in  the  writer’s  laboratory  possesses  a sac 
as  large  as  an  egg,  its  wall  being  made  up  of  the  endocardium,  a layer  of 
fibrous  tissue,  and  the  pericardium;  the  cavity  of  the  aneurysm  communi- 
cates with  the  ventricle  by  a small  opening  near  the  apex  about  i cm. 
in  diameter.  In  over  sixty  per  cent,  of  the  reported  cases  the 
aneurysm  is  in  the  left  ventricular  wall,  usually  near  the  apex.  Rarely, 
the  aneurysmal  dilatation  begins  in  the  septum.  When  the  aneurysm 
is  composed  of  a dilated  pouch  communicating  with  the  ventricular 
cavity  through  a small  opening,  thrombi  are  not  infrequently  present. 
As  a result  of  roughening  in  the  wall  of  the  aneurysm  a thrombus  may 
form,  even  when  there  is  no  obvious  opportunity  afforded  for  stagnation 
of  the  blood.  Sometimes  the  aneurysmal  wall  is  intensely  calcific.  The 
author  has  observed  a case  in  which  the  whole  of  the  aneurysm  was  at- 

1 Barker  and  Hirschfclder,  Arch.  Intern.  Med.,  Sept.,  1909;  Wilson,  Proceed. 
Royal  Soc.,  B,  vol.  lxxxi,  i909;Windle,  Heart,  vol.  ii,  No.  2,  1910,  p.  102 ; M’Kenzie, 
Jour.  Path,  and  Bact.,  Jan.,  1910,  p.  404;  Volhard,  Deut.  Arch.  f.  klin.  Med.,  Oct. 
16,  1909;  Bishop,  Amer.  Jour.  Med.  Sci.,  Jan.,  1910,  p.  62;  Monckeberg,  Berliner 
klin.  Woch.,  Jan.  11,  1909.  Peabody,  Arch.  Intern.  Med.,  March,  1910,  p.  252; 
Low,  Zieg.  Beitr.,  1910,  xlix;  Sternberg,  Centralbl.  f.  allg.  path.,  1910,  xxi,  430. 
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tached  to  the  parietal  pericardium,  suggesting  the  possibility  of  pericardial 
adhesions  dragging  the  fibroid  wall  outward,  and  in  that  way  favoring 
the  local  dilatation,  the  cause  of  which  must  be  principally  the  intra- 
ventricular pressure.  Rupture  occurs  in  nearly  all  cases,  and  death 
almost  instantaneously  follows. 

Diseases  of  the  blood-vessels  supplying  the  heart  do  not  commonly 
differ  from  similar  alterations  observed  in  the  arteries  elsewhere.  As 
the  coronary  arteries  do  not  possess  an  abundant  anastomosis,  obstructive 
lesions  lead  to  changes  in  the  cardiac  wall  differing  somewhat  from 
tissue  alterations  secondary  to  vascular  occlusion  in  organs  receiving  a 
more  generous  collateral  supply. 

Sclerosis  of  the  coronary  arteries,  obliterative  arteritis,  and  fatty  degen- 
eration of  the  intima  and  media  occur  under  the  same  conditions  and 
from  the  same  causes  as  observed  elsewhere.  Atheroma  and  obliterative 
change  are  frequently  associated  with  syphilis,  and  may  constitute  a part 
of  the  fibroid  change  occurring  in  the  organ  in  this  disease.  Atheroma 
and  also  obliterative  arteritis  lessen  the  carrying  capacity  of  the  vessel, 
lower  the  nutrition  of  the  cardiac  muscle  in  the  area  beyond,  and  favor  the 
occurrence  of  fibroid  change.  Iduchard  analyzed  145  cases  of  angina 
pectoris 1 in  which,  postmortem,  coronary  disease  was  found  in  128  cases. 

Fortunately,,  the  coronary  arteries  are  rarely  the  sites  of  thrombosis 
and  embolism.  Atheroma  and  obliterative  change  favor  the  occurrence 
of  thrombosis.  Embolism  is  less  frequent.  With  the  occlusion  of  the 
artery,  or  one  of  its  important  branches,  the  nutrition  of  the  area  beyond 
becomes  inadequate  or  is  suspended,  and  later  that  portion  of  the  myocar- 
dium involved  undergoes  necrosis  terminating  in  rapid  softening,  the 
resulting  condition  constituting  a form  of  what  the  older  writers  called 
myomalacia  cordis.  With  the  presence  of  infected  emboli  in  the  blood, 
and  possibly  as  a result  of  mural  implantation  of  bacteida  circulating  in  the 
coronary  vessels,  metastatic  abscesses  are  engendered  in  the  myocardium. 
(See  Embolism,  p.  271;  also  Acute  Suppurative  Myocarditis,  p.  494.) 

Aneurysm  of  the  coronary  artery  is  rare.  It  may  result  from  atheroma 
or  degenerative  changes  in  the  arterial  wall,  and  is  said  to  occur  as  a 
result  of  inflammation  or  degeneration  involving  the  adjacent  muscle. 
According  to  Griffith,1 2  there  are  twenty-four  cases  of  coronary  aneurysm 
on  record;  in  seven  of  the  reported  instances  the  aneurysm  was  multiple; 
in  one  case  there  were  twelve.  Death  from  rupture  and  consequent  hem- 
orrhage occurred  in  about  half  the  cases. 

Syphilis3  of  the  myocardium  may  attack  the  blood-vessels,  inter- 
stitial tissue,  or  muscle.  The  vascular  lesion  may  be  a gummatous  arteritis 
or  the  ordinary  type  of  arteriosclerosis.  The  changes  in  the  vessels  by 
altering  the  blood-supply  may  produce  a secondary  fibroid  myocarditis. 
The  last  lesion  sometimes  occurs  independently  of  marked  coronary  dis- 
ease and  may  be  diffuse  or  distributed  in  small  nodes  (miliary  gummata) 
throughout  the  organ.  A diffuse  syphilitic  degenerative  change  of  the 
muscle-fibers  of  the  heart  has  been  described.  A most  striking  manifesta- 
tion of  syphilis  is  the  cardiac  gumma.  The  older  of  these  are  gray,  yellow- 
ish-gray, or  hyaline,  contain  areas  of  necrosis  which  are  sometimes  caseous, 

1 For  full  discussion  of  angina  see  Osier,  Lancet,  March  12  and  26,  April  9,  1910. 

2 Brit.  Med.  Jour.,  Feb.  2,  1901. 

3 Adler,  Med.  Record,  Feb.  20,  1904,  p.  281;  Cecikas,  Rev.  de  med.,  Dec.,  1904; 
Stockmann,  Ueber  Gummiknoten  in  hcrzfleische  bei  Erwachsenen,  Bergmann| 
Wiesbaden,  1904;  Warthin,  Amer.  Jour,  of  Med.  Sci.,  March,  1911,  p.  308. 
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and  may  attain  a diameter  of  3 cm.  to  4 cm.  The  lesion  is  usually  situated 
in  the  left  ventricular  wall,  sometimes  along  the  septum  and  rarely  on 
the  right  side.  Usually  cardiac  gumma  is  solitary.  Amyloid  infiltration 
and  hyaline  degeneration  of  the  vessels  and  muscle-fibers  may  accompany 
syphilis.  In  hereditary  syphilis  diffuse  fibroid  induration  is  sometimes 
present  and  gummata  have  been  described.  Mracek  and  also  Hektoen 
have  reported  instances  of  multiple  foci  of  interstitial  myocarditis  due  to 
hereditary  syphilis.  Warthin  has  demonstrated  a special  form  of  syphil- 
itic interstitial  myocarditis  of  congenital  origin.  When  patchy,  the 
affected  area  is  composed  of  fibroblasts  and  epithelioid  cells;  in  other 
cases  the  hyperplasia  and  fibrosis  are  more  diffuse;  frequently  the  lesion 
follows  the  course  of  blood  vessels.  The  muscle  fibrils  manifest  coagula- 
tion, degeneration  or  necrosis,  striations  are  lost,  the  nuclei  are  swollen 
and  stain  lightly.  Gumma  was  not  found  in  any  of  his  cases,  although  the 
treponema  pallidum  was  present,  often  in  surprising  numbers. 

Tuberculosis1  of  the  heart  may  involve  any  part  of  the  organ.  Fer- 
rand  and  Rathery,  Oettinger  and  Braillon,  and  others  have  recorded 
instances  of  tuberculous  endocarditis;  Tessier  was  able  to  collect  forty- 
seven  cases  in  which  endocardial  lesions  accompanied  tuberculosis. 
Anders  reported  the  seventy-second  case  of  tuberculosis  of  the  myocar- 
dium. It  is  doubtful  if  the  heart  is  ever  primarily  affected,  the  involve- 
ment usually  being  secondary  to  pulmonary,  peribronchial,  or  medias- 
tinal tuberculosis.  Anatomically  the  lesion  may  be  of  the  miliary  type, 
which  necessarily  represents  a hematogenous  infection.  Many  years 
ago  Weigert  expressed  the  belief  that  the  heart  was  frequently  involved 
in  miliary  tuberculosis.  Tuberculous  pericarditis,  especially  the  case- 
ous form,  may  infiltrate  the  myocardium.  (See  Fig.  222,  p.  477.)  The 
most  frequent  manifestation  of  cardiac  tuberculosis  is  the  large  soli- 
tary caseous  or  calcareocaseous  mass  which  may  attain  a diameter 
of  4 cm.  to  5 cm.  Any  part  of  the  heart  may  be  affected,  but  in  nearly 
half  of  the  cases  the  lesion  is  in  the  left  ventricle.  The  caseous  mass  is 
usually  situated  externally;  the  cardiac  wall  may  be  penetrated,  and 
the  cheesy  material  discharged  into  the  blood-stream,  giving  rise  to 
miliary  tuberculosis.  A diffuse  fibroid  myocarditis  is  sometimes  seen 
in  tuberculosis  and  has  been  attributed  to  the  poison  of  the  tubercle 
bacillus.  Sotti  has  reported  two  cases  of  hemorrhagic  tuberculous  myo- 
carditis; the  lesion  may  be  focal  or  disseminated  throughout  the  organ. 

Actinomycosis2  of  the  heart  is  rare,  is  usually  due  to  extension  from 
a primary  lesion  in  contiguous  tissues,  and  may  be  attended  by  numerous 
fistulas  opening  externally. 

Tumors3  of  the  heart  are  of  infrequent  occurrence.  About  forty 

1 Moser,  Med.  and  Surg.  Reports  of  the  Boston  City  Hospital,  eleventh  series, 
1900;  Anders,  Jour.  Amer.  Med.  Assoc.,  Nov.  1,  1902,  p.  1081;  Sotti,  Arch,  per 
le  Sc.  med.,  1904,  vol.  xxviii;  Silbergleit,  Virchows  Arch.,  Feb.  1,  1905,  Bd.  clxxix 
p.  283;  Schwarz,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  April  15,  1Q05;  Oettinger 
and  Braillon,  Soc.  Med.  des  Hop.  de  Paris,  July  15,  1904;  Draillon,  These  de  Paris, 
1904;  Bernard  and  Salomon,  Rev.  de  Med.,  Jan.,  1905;  Vargas,  Sixth  Intemat 
Congress  on  Tuberculosis,  Special  volume,  1908. 

2 Schrotter,  XX  German  Cong.  Intern.  Med.  Wiesbaden,  April,  1902. 

3 Leonhardt,  Virch.  Arch.,  1905,  Bd.  clxxxi,  H.  2,  p.  347;  Reitmann,  Zeit.  f. 
Heilkunde,  1905,  Bd.  xxvi;  Wolbach,  Jour.  Med.  Research,  vol.  xvi,  No.  3,  1907; 
Blumgart,  Amer.  Jour,  of  Med.  Sci.,  Oct.,  1907;  Ericsson,  Upsala  Lakareforenings 
forhandligar,  Bd.  xiii,  H.  6,  1908;  Coffin,  Post-Graduate,  Jan.,  1909;  Koechlin, 
Frankfurter  Zeit.  f.  Path.,  1908,  ii,  p.  295;  Stahr,  Virch.  Arch.,  Jan.,  1910,  p.  162; 
Martin  and  Klotz,  Amer.  Jour,  of  Med.  S'ci.,  Aug.,  1910. 
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instances  of  primary  cardiac  neoplasm  have  been  reported.  Of  the  1 50 
collected  by  Comil,  in  1902,  secondary  growths  were  ten  times  as  fre- 
quent as  the  primary.  Sarcoma  is  the  most  common  of  the  primary 
neoplasms,  although  rhabdomyoma,  myxoma,  fibroma,  and  chondroma 
have  been  observed.  Secondary  tumors  of  the  organ  may  result  from 
extension  from  some  contiguous  viscus  or  mediastinal  tissues.  Most 
instances  of  secondary  tumors  of  the  heart  due  to  extension  have  been 
from  primary  cancers  of  the  esophagus.  By  the  blood-stream,  the  car- 
diac tumor  may  be  due  to  implantation  among  the  muscle  columns,  or 
invasion  by  the  coronary  vessels.  Propagated  neoplastic  thrombi  may 
reach  the  heart  by  the  larger  veins.  Statistics  show  that  the  tumor 
most  likely  to  give  rise  to  metastasis  in  the  heart  is  sarcoma  of  bone. 
Most  of  the  pedunculated  tumors  of  the  heart  attached  to  the  septum 
and  projecting  into  the  left  ventricle  are  more  or  less  perfectly  organized 
cardiac  thrombi. 

Hydatid  cysts1  of  the  heart  are  rare;  they  may  involve  the  myocardium 
or  be  embolic.  In  the  cases  recorded  by  Altmann  and  by  Quill  death 
resulted  from  embolic  cysts  blocking  the  pulmonary  artery. 

Rupture"  of  the  heart  may  be  traumatic  or  pathologic;  I think  we  may 
exclude  the  so-called  idiopathic,  on  the  ground  that  the  normal  heart 
does  not  rupture.  Ruptures  resulting  from  blows  on  the  chest,  crushes, 
and  falls  are  more  frequent  on  the  right  side,  and  in  the  auricles,  owing 
to  the  fact  that  the  walls  of  these  cavities  are  thinner  than  the  left  ven- 
tricle, and  also  because  the  right  ventricle  is  so  situated  that  it  receives 
the  brunt  of  any  external  injury  transmitted  through  the  anterior  chest 
wall.  The  pathologic  ruptures  are  due  to  diseases  of  the  myocardium 
and  usually  (seventy-five  to  eighty  per  cent,  of  the  cases)  involve  the 
left  ventricle.  Three-fourths  of  the  pathologic  ruptures  are  due  to  some 
form  of  fatty  disease  of  the  heart.  Infarction,  aneurysm,  abscess  of  the 
myocardium,  cysts,  and  tumors  account  for  the  remaining  cases.  The 
rupture  may  be  single  or  multiple,  complete  or  partial.  As  many  as  six 
or  seven  distinct  ruptures  may  be  present.  With  a rupture  extending 
through  the  wall  or  from  the  pericardium  nearly  to  the  endocardium, 
or  in  the  reverse  direction,  there  may  be  purely  intramural  tears  in  the 
muscle,  as  shown  by  hemorrhages  into  the  myocardium  at  the  point  of 
rupture.  Ruptures  are  not  inevitably  fatal;  and  even  when  multiple, 
death  may  be  delayed  for  days  or  weeks.  A rupture  of  any  size,  per- 
mitting rapid  evacuation  of  the  ventricle,  leads  to  sudden  death.  In 
the  smaller  ruptures,  that  leak  but  little,  recovery  is  possible.  The  great 
obstacle  to  recovery  from  rupture  of  the  heart  is  the  fact  that  the  con- 
ditions that  bring  about  the  rupture  lessen  the  reparative  power  of  the 
organ. 

Wounds3  of,  and  foreign  bodies  in,  the  myocardium  are  tolerated  by 
the  organ  about  as  well  as  similar  lesions  are  borne  by  other  structures. 

1 Altmann,  Intercolonial  Jour,  of  Australasia,  Dec.  20,  1902;  Quill,  Jour,  of 
Royal  Army  Med.  Corps,  April,  1904;  Barbaggi,  Pathologica,  1909,  No.  8;  Baecchi, 
Policlinico,  sez.  medica,  1909,  fasc.  1 and  2. 

2 Revenstorf,  Mittheil.  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  Bd.  xi,  H.  4,  p.  603; 
Foott  and  Hall,  Lancet,  Jan.  16,  1904,  p.  152;  Winkler,  La  Presse  Med.,  Feb.  22, 
1905,  p.  1 1 7 ; Weiland,  Inaug.  Diss.,  Munchen,  1904;  Hart,  Virch.  Arch.,  May  4, 
I9°5>  Bd.  clxxx,  p.  273. 

3 Tegeler,  Miinch.  med.  Woch.,  Aug.  24,  1909;  Salomoni,  Arch.  gen.  de  Chir., 
Paris,  Sept.,  1909,  No.  9;  Schwarzwald,  Wien.  klin.  Woch.,  1909,  Nos.  1 and  2; 
Bland-Sutton,  Brit.  Med.  Jour.,  May  28,  1910,  p.  1273;  Peck,  Annals  of  Surgery, 
July,  1909. 
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More  than  two  hundred  cases  of  sutured  cardiac  wound  are  on  record; 
over  thirty  per  cent,  recovered.  The  dangers  are  shock,  hemorrhage,  and 
infection,  and,  if  these  can  be  avoided,  cicatrization  is  accomplished 
with  little  difficulty.  Regeneration  of  the  myocardium  cannot  be  ex- 
pected. Foreign  bodies  are  occasionally  present  in  the  heart  without 
giving  rise  to  any  symptoms.  Bullets  healed  in  the  heart  wall  have 
been  reported  by  Riethus,  Brown,  and  others.  Brown’s  patient  carried 
an  old-time  musket  ball  in  the  myocardium  of  the  left  ventricle  for 
thirty-six  years.  The  bullet  may  be  free  in  the  ventricular  cavity;  but 
usually,  when  so  situated,  it  becomes  entangled  in  the  spaces  between 
the  muscle  columns  and  is  attached  by  a thrombus  which  finally  organizes. 

ENDOCARDIUM. 

The  normal  endocardium  is  composed  of  a flattened  layer  of  connective- 
tissue  cells — histologically,  a serous  membrane.  The  continuous  flow 
of  blood  over  its  surface,  and  the  difference  in  function  from  other  serous 
membranes,  render  a separate  description  of  its  diseases  necessary. 
The  membrane  is  nonvascular  even  in  its  reflected  layers,  which,  rein- 
forced by  fibrous  and  elastic  tissues,  form  the  valves.  The  latter  struc- 
tures are  rich  in  lymphatics,  through  which  the  nourishment  of  the  sup- 
porting framework  is  maintained.  Recent  investigations  seem  to  show 
that  the  bases  of  the  mitral  and  tricuspid  leaflets  contain  some  capillary 
ramifications;  the  blood-vessels  do  not,  however,  approach  the  free 
edges  of  the  valves.  Immediately  beneath  the  endocardium  ramifies  the 
plexus  of  nerves  described  by  Krause. 

INFLAMMATION  OF  THE  ENDOCARDIUM ENDOCARDITIS.1 

General  Considerations ; Classification. — That  part  of  the  endocar- 
dium sustaining  the  most  stress,  other  things  being  equal,  will  first  suf- 
fer and  suffer  most.  Recognition  of  this  fact  explains  the  infrequency 
of  the  process  on  the  right  side  in  adult  life,  and  the  rarity  of  intrauterine 
disease  of  the  left  side ; it  elucidates  those  cases  of  secondary  endocardial 
inflammation  of  the  right  side,  in  adult  life,  when  extensive  obstructive 
or  regurgitant  lesion  of  the  left  side  raises  the  tension  and  increases  work 
of  the  right  heart.  When  inflammation  involves  the  valvular  endocard- 
ium, the  condition  is  known  as  valvular  endocarditis,  or  valvulitis ; when 
affecting  the  auricular  or  ventricular  wall,  it  is  spoken  of  as  mural  endo- 
carditis ; the  latter  is  rare  except  in  the  malignant  and  atheromatous 
forms.  In  adults  about  one-half  of  the  endocardial  lesions  involve 
the  mitral  leaflets;  of  the  remaining  fifty  per  cent.,  the  aortic  cusps  are 
affected  in  approximately  ninety-four  per  cent,  of  the  cases;  the  remaining 
cases  are  divided  between  the  valves  of  the  right  side,  the  tricuspid 
being  the  more  commonly  affected. 

Inflammation  of  the  endocardium  may  be  acute  or  chronic.  Formerly 
pathologists  and  clinicians  divided  acute  inflammations  of  the  endocardium 
into  simple  and  malignant.  It  was  believed  that  the  acute  simple  endo- 
carditis was  noninfective  in  origin,  and  that  it  was  not  associated  with 
the  presence  of  bacteria.  It  is  now  known  that  both  forms  result  from 
infection,  but  in  that  type  previously  called  simple  endocarditis,  the 

1 Thorel,  Lubarsch  and  Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat., 
1903,  Neunter  Jahr.  I.  Abt.,  p.  683. 
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infection  differs  in  degree,  or  possibly  in  character,  from  that  seen  in  the 
ulcerative  variety.  Both  pathologically  and  clinically,  cases  are  not 
infrequently  seen  in  which  the  clinical  history  and  morbid  anatomy 
justify  the  term  simple  endocarditis.  It  is  equally  true  that  we  occasion- 
ally find  extensive  lesions,  affecting  the  valves  and  mural  endocardium, 
associated  with  pyogenic  infection,  and  also,  although  less  commonly, 
with  other  mycoses,  clinically  and  anatomically  meriting  the  name  ulcera- 
tive or  malignant  endocarditis.  Between  these  extremes  there  is  a middle 
ground,  occupied  by  a not  very  small  number  of  cases,  in  which  it  is 
quite  impossible,  either  anatomically  or  clinically,  to  separate  and  group 
them  with  one  or  the  other  of  the  foregoing  divisions.  The  possible  identi- 
fication of  differences  once  believed  to  be  clearly  recognizable  is  further 
complicated  by  the  introduction  of  the  term  acute  malignant  rheumatic 
endocarditis,1  and  applying  it  to  a form  of  endocardial  inflammation  of 
rheumatic  origin,  usually  terminating  fatally,  without  a tendency  to 
suppurative  lesions  in  other  viscera,  and  unassociated  with  the  rather 
characteristic  temperature-curve  of  that  form  of  endocardial  inflammation 
that  we  have  been  in  the  habit  of  calling  malignant  endocarditis.  It  is 
to  be  presumed  that  the  easily  recognized  differences  between  the  typical, 
clearly  defined,  acute,  simple  endocarditis  and  the  admittedly  malignant 
endocarditis  must  depend  upon  the  character  of  the  infection  and  upon 
the  resistance  of  the  tissues  to  the  infective  agent.  Thus,  infection  mani- 
fested by  the  presence  of  staphylococci  will  usually  be  ulcerative  in 
type,  while  the  endocardial  inflammations  accompanying  rheumatism 
rarely  assume  the  general  characters  of  the  ulcerative  form  of  endocarditis. 
Bearing  the  foregoing  facts  in  mind,  and  remembering  that  the  so-called 
acute  simple  endocarditis  may  or  may  not  terminate  in  the  malignant, 
I shall  adhere  to  the  customary  division,  based  upon  the  belief  that  it  is 
possible  to  recognize  an  acute  simple  endocarditis  and  an  acute  malignant 
endocarditis. 

The  chronic,  indurative,  sclerotic,  or  interstitial  endocarditis  is  still  to 
be  regarded  as  an  entity,  although  it  often  is  nothing  more  than  a terminal 
stage  of  an  acute  process. 

Acute  Simple  Endocarditis. — Causes. — The  most  frequent  cause  of 
this  form  of  endocarditis  is  acute  articular  rheumatism.2  Litten’s  sta- 
tistics show  that  in  30,000  patients  there  were  400  cases  of  endocarditis, 
thirty-five  per  cent,  of  which  were  due  to  rheumatism.  Although  there 
may  be  some  doubt  as  to  the  specificity  of  the  organism  found  in  rheu- 
matism, the  infectious  nature  of  the  disease  is  generally  accepted.  Fre- 
quently endocarditis  is  preceded  by  tonsillitis,  and,  as  this  may  be  rheu- 
matic, such  cases  belong  with  those  due  to  the  first-mentioned  group 
of  causes.  The  fact  that  in  some  cases  of  endocarditis  following  tonsillitis 
other  bacteria  have  been  observed  indicates  that  the  tonsil3  may  be 
the  portal  through  which  infection  occurs  in  types  of  the  affection  other 
than  pure  rheumatic  endocarditis.  The  endocarditis  accompan)ring 


1 Litten,  Berl.  klin.  Woch.,  1899.  The  same  observer  (Deut.  med.  Woch.,  May 
22  and  29,  1902),  proposed  to  divide  acute  endocarditis  into  (1)  benign,  (2)  septic 
ulcerative,  (3)  nonseptic  ulcerative.  In  the  latter  form  evidence  of  ulceration  is 
present,  but  patients  do  not  manifest  the  usual  phenomena  of  sepsis. 

2 Lewis  and  Longcope,  Amer.  Jour,  of  Med.  Sci.,  Oct.,  1904,  p.  601;  Harrass, 
Munch,  med.  Woch.,  Aug.  30,  1904;  Cole,  Jour,  of  Infect.  Disease,  Nov.  5,  1904’ 
p.  714.  See  also  organism  of  rheumatism,  p.  84. 

3 Gurich,  Munch,  med.  Woch.,  Nov.  22,  1904. 
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or  following  pneumonia1  and  due  to  the  pneumococcus  is  sometimes 
of  the  form  at  present  under  consideration;  often,  however,  it  resembles 
the  ulcerative  or  malignant  type.  Kerchensteiner  believes  that  pneu- 
mococcus endocarditis  is,  anatomically,  midway  between  the  verrucose 
and  ulcerative  forms.  Rosenow’s2  studies  show  that  acute  endocarditis 
is  frequently  due  to  the  pneumococcus  which  may  also  be  present  in 
chronic  cases.  Endocarditis  of  this  type  may  follow  other  acute 
infectious  diseases,3  among  which  should  be  mentioned  diphtheria,4 
scarlet  fever,5  mumps,0  influenza,7  and  erysipelas.  In  Thayer’s8  collec- 
tion of  689  cases  of  chorea  over  twenty-five  per  cent,  had  endocardial 
lesions.  The  association  of  endocarditis  and  chorea  is  probably  due  to 
the  fact  that  in  certain  instances  both  are  infectious  diseases;  streptococci 
have  been  isolated  from  the  blood  in  a number  of  these  cases.  Debili- 
tating diseases  that  depress  the  antimicrobic  functions  are  frequently 
accompanied  by  endocarditis;  among  such  affections  should  be  mentioned 
gout,  diabetes,  and  renal  disease  and  degeneration,  especially  chronic 
interstitial  nephritis.  The  relation  of  trauma9  to  acute  and  chronic 
lesions  of  the  endocardium  has  been  variously  estimated;  there  are,  how- 
ever, undoubted  instances  in  which  valve  rupture  and  subsequent  inflam- 
mation have  followed  violent  exertion  and  chest  injuries.  Pleasants  has 
been  able  to  collect  fourteen  cases  of  endocarditis  believed  to  have  been  of 
traumatic  origin;  to  these  the  three  reported  by  Sinnhuber  should  be 
added.  In  a few  cases  endocarditis  had  resulted  from  transplacental 
infection.10  Previous  attacks  increase  susceptibility  to  the  disease. 
Robinson11  has  been  able  to  collect  seventeen  cases  of  acute  endo- 
carditis associated  with  congenital  malformation  of  the  heart. 

At  the  present  time  few  doubt  the  infectious  nature  of  acute  endo- 
carditis. A number  of  bacteria,  mostly  micrococci,  have  been  found  in 
the  valves  and  superimposed  vegetation.  Apparently  the  same  organ- 
isms occur  in  the  so-called  acute  simple  endocarditis  and  the  malignant 
forms  of  the  affection.  The  clinical  and  anatomic  differences  between 
the  two  classes  probably  depend  upon  the  pathogenic  activity  of  the 
organism  or  the  varying  susceptibility  of  the  infected  patients.  All 
forms  of  acute  endocarditis  are  constantly  associated  with  morbid  proc- 
esses admittedly  of  microorganismal  origin,  and  an  extended  study  of 
the  affection,  by  recent  methods,  has  led  to  the  frequent  isolation  of 
bacteria  from  the  blood  during  life  and  from  the  cardiac  lesions  post- 
mortem. The  attempts  to  establish  a specific  organism  for  endocar- 
ditis have  been  unsuccessful. 

treble,  Amer.  Jour,  of  Med.  Sci.,  Nov.,  1904,  p.  783;  full  bibliography. 

2 Jour,  of  Infect.  Dis.,  1909,  vi,  p.  245. 

3 Weaver,  Ft.  Wayne  Med.  Magazine,  Nov.,  1904. 

4 Jump,  Pediatrics,  Aug.,  1903. 

5 Spencer,  Lancet,  Feb.  19,  1905,  p.  420. 

6 Tatschner,  Wien.  med.  Woch.,  July  30,  1904. 

7 Flexner,  Univ.  of  Penna.  Med.  Bull.,  Jan.,  1903,  p.  551;  also  Escudero,  Argen- 
tina Med.,  Nov.  19,  1904. 

8 Jour.  Amer.  Med.  Assoc.,  Oct.  27,  1906. 

0 Pleasants,  Bull,  of  Johns  Hopkins  Hosp.,  1903,  vol.  xiv,  p.  124;  Herzfeld, 
Jour.  Amer.  Med.  Assoc.,  March  24,  1906;  Strumpler,  Munch,  med.  Woch.,  July  14, 
1903;  Sinnhuber,  Deut.  med.  Woch.,  1904,  xxx,  No.  32,  p.  1x61. 

10  Ballantyne,  Manual  of  Antenatal  Pathology  and  Hygiene;  Fisher,  Reports 
of  the  Society  for  the  Study  of  Diseases  in  Children,  1902,  vol.  ii. 

11  Bull,  of  the  Ayer  Clinical  Laboratory  of  the  Pennsylvania  Hospital,  Jan.,  1905, 
No.  2,  p.  45- 
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Heiberg  and  Winge  in  1869  demonstrated  bacteria  in  the  lesions  of 
endocarditis.  Iiarblitz1  analyzed  the  records  upon  the  subject,  and 
believed  that  it  might  be  possible  to  differentiate  some  of  the  infections 
by  the  character  of  the  lesion ; streptococcus  infections  were  thought  to 
produce  large  vegetations  that  progress  slowly  and  are  accompanied  by 
nephritis.  In  the  pyemic  endocardial  lesions  containing  the  ordinary 
staphylococci  the  course  of  the  disease  is  usually  more  rapid,  the  valve 
destruction  greater  and  associated  with  more  wide-spread  infection. 


Fig.  235. — Aortic  Orifice  Laid  Open,  Showing  the  Valve  Leaflets,  Acute  Endocarditis.  ( Re- 
drawn froui  Schmaus.) 

A.  Line  of  contact  with  beginning  formation  of  vegetations.  B.  More  advanced  and  larger  vegetations 
closely  simulating  in  appearance  an  ulcerative  lesion.  Between  the  leaflet  A and  the  leaflet  im- 
mediately above  the  letter  B is  seen  a single  vegetation  on  the  leaflet  B;  should  a similar  lesion  occur  at 
the  corresponding  point  on  the  leaflet  A,  the  two,  coming  together,  could  coalesce,  or  the  continued 
deposit  of  fibrin  might  fuse  the  adjacent  masses,  and,  by  organization,  would  produce  an  adhesion 
between  the  two  leaflets,  thereby  narrowing  the  orifice. 


Extended  observations  have  shown  that  the  morbid  anatomy  is  insuffi- 
cient to  differentiate  the  lesions  produced  by  one  germ  from  those  due  to 
other  bacteria,  and  that  the  same  microbe  may  be  found  in  both  ulcerative 
and  verrucose  types  of  the  affection. 

In  addition  to  the  Diplococcus  rheumaticus,2  the  organisms  usually 
found  in  endocarditis  belong  to  the  pyococcic  group,  and  include  the 
staphylococci,  streptococci,  pneumococcus,  and  gonococcus.3  According 
to  Preble,  there  are  one  hundred  and  thirty-two  reported  cases  of  pneu- 
mococcus endocarditis.  Gonococcal  endocarditis4  is  no  longer  looked 
upon  as  an  exceedingly  infrequent  complication  of  gonorrhea.  Among 
the  organisms  less  frequently  found  are  the  colon  bacillus,  bacillus  of 

1 Harblitz,  Om  Endokardit,  dens  Pathologiske  Anatomi,  og  Aetiologi,  1897; 
Deutsch.  med.  Woch.,  Feb.  23,  1899. 

2 See  p.  84. 

3 See  p.  78. 

4 Thayer,  Amer.  Jour,  of  Med.  Sci.,  Nov.,  1905. 
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Friedlander,  Bacillus  typhosus,  Bacillus  diphtheriae,  Micrococcus  endo- 
carditidis  rugatus  (Weichselbaum),  Micrococcus  endocarditidis  capsulatus 
(Weichselbaum),  Micrococcus  zymogenes,  Bacillus  endocarditidis  griseus 
(Weichselbaum),  Bacillus  endocarditidis  capsulatus,  and  the  tubercle 
bacillus.  Warfield  and  Walker1  report-a  case  of  acute  ulcerative  endo- 
carditis due  to  the  meningococcus. 

Morbid  Anatomy } — The  alterations  observed  in  this  condition  may 
be  more  or  less  arbitrarily  divided  into  two  stages,  the  first  of  which  ter- 
minates with  the  formation  of  vegetations.  Redness  and  injection  are 
not  present,  as  the  tissue  is  nonvascular.  (a)  The  milky  opacity  of  the 
membrane  is  due  to  serum  and  leukocytes  infiltrating  the  lymph-spaces  of 
the  affected  leaflet,  and  to  slight  roughening  of  the  endothelial  surface;  the 


Fig.  236. — Acute  Endocarditis  op  the  Mitral  Valve,  Section  at  Line  of  Contact.  (Partly  diagram- 
matic.) ( Rindfleisch .)  X 10  diameters. 

a,  a' . Endocardium,  which  at  c has  become  swollen  and  abraded  and  covered  by  the  cap  of  fibrin,  d. 

b.  Interstitial  tissue  of  the  valve  with  newly  formed  blood-vessels,  e.  Free  margin  of  valve  leaflet. 

latter  change  produces  an  effect  similar  to  that  which  results  from  grinding 
the  surface  of  glass.  (6)  Bogginess  or  edema  of  the  valve  is  discernible 
at  this  time,  and  is  due  to  the  infiltration  of  the  valve  tissue  by  serum 
and  leukocytes.  In  this  softened  and  boggy  condition,  the  valves  pound- 
ing against  one  another  at  the  rate  of  from  120  to  150  times  a minute,  (c) 
abrasion  or  even  laceration  may  occur.  The  line  of  friction  is  the  line  of 
contact,  and  in  this  line  the  roughened  points  develop.  A microscopic 
examination  of  the  valve  in  this  stage  discloses  more  or  less  necrosis  of 
the  endothelium,  associated  with  desquamation,  and  in  some  cases  hyaline 
degeneration  or  distinct  coagulation  necrosis.  The  subendocardial  con- 
nective-tissue cells  and  fibrils  are  not  infrequently  swollen,  and  the  lymph- 
spaces  of  the  valve  may  contain  fibrin.  The  elastica  of  the  affected  leaflet 
is  swollen  and  may  be  fragmented. 

The  Production  of  Vegetations. — The  blood  passing  over  the  rough- 
ened line  of  abrasion  deposits  a cap  of  fibrin  upon  the  rough  points;  to 
this  are  added  cells  produced  by  proliferation  of  the  connective-tissue 
elements  and  a further  infiltration  of  the  affected  valve  by  leukocytes. 
These  changes  are  most  marked  beneath  the  area  of  roughening,  and 
increase  the  size  of  the  so-called  vegetation  or  cap  of  fibrin.  The  deposited 
fibrin  may  be  granular,  fibrillar,  or,  less  frequently,  hyaline.  The  distinctly 
hyaline  form  of  fibrin  is  rarely  present;  when  found,  it  occurs  as  small 
irregular  collections  in  the  forming  vegetation.  It  should  be  observed 
that  structurally  and  genetically  the  developed  vegetation  is  essentially  a 
thrombus.  It  may  contain  all  the  bodies  commonly  found  in  thrombi — 
fibrin,  leukocytes,  erythrocytes,  and  platelets — and  is  subject  to  secondary 
changes  identical  with  those  occurring  in  thrombi.  (See  Thrombosis, 
p.  263.) 

1 Bull,  of  the  Ayer  Clinical  Laboratory  of  the  Pennsylvania  Hospital,  Oct.,  1903, 
No.  1,  p.  81. 

2 For  the  histology  of  endocarditis  see  Koniger,  Arbeit,  a.  d.  Path.  Inst.  Leipsic, 
1908;  Baldassari,  Centralbl.  f.  Allgem.  Path.,  Bd.  xx,  No.  3,  1909,  p.  97. 
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With  firm  vegetations  of  moderate  size  the  lesion  is  called  endocarditis 
verrucosa;  when  the  collection  of  fibrin  is  large  and  flabby,  the  term 
polypous  or  villous  endocarditis  is  at  times  applied. 

Changes  in  the  Fibrin  Cap  or  Vegetation. — The  vegetation  sometimes 
increases  by  layers  and  may,  in  this  way,  become  distinctly  stratified'; 
it  may  be  redissolved.  As  a result  of  its  large  size  vascularization,  and 
consequent  organization,  are  often  impossible;  the  bacteria  present,  or 
their  toxins,  may  cause  softening  (further  necrosis)  which  terminates  in 
fragmentation,  the  resulting  particles  constituting  emboli.  If  near 


A A 


Fig.  237. — Narrowed  Mitral  Orifice,  Showing  Results  of  Adhesions  with  Considerable  Fibroid 

Thickening  (Button-hole  Mitral). 

A,~A,  A,  A.  Papillary  muscles  and  tendons.  B to  C.  Area  of  adhesion  and  fibroid  thickening.  D to  E- 
Second  area  of  adhesion  and  fibroid  thickening.  The  whole  free  margin  of  the  valve  is  intensely 
indurated,  rendering  the  leaflet  too  stiff  to  close  readily  and,  as  a result  of  the  adhesions,  unable  to 
open  its  normal  lumen,  giving  rise  to  both  stenosis  and  regurgitation.  (From  specimen  in  author's 
collection.) 


a corresponding  mass,  on  an  apposed  leaflet,  especially  at  the  valvular 
attachment,  cohesion  of  two  vegetations  may  constitute  the  preliminary 
step  in  the  formation  of  an  adhesion  (see  Fig.  238). 

Organization  of  the  mass  is  the  last  process,  and  by  some  is  considered 
as  a third  stage.  Unless  the  inflammation  be  fulminatingly  rapid,  organi- 
zation has  begun,  at  the  point  of  attachment  to  the  valve,  by  the  time 
the  vegetation  is  visible  to  the  unaided  eye;  as  organization  progresses, 
new  blood-vessels  develop  from  the  base  of  the  valve,  are  projected 
into  the  leaflet,  and  finally  enter  the  vegetation  at  its  point  of  origin.  The 
presence  of  sufficiently  active  pyogenic  and  some  other  bacteria  may 
limit  or  prevent  organization  and  give  rise  to  disintegration  and  softening. 


SPECIAL  PATHOLOGY. 


;io 


The  influence  of  these  changes  upon  the  structure  and  functions  of 
the  affected  valve  may  be  epitomized  as  follows:  (i)  At  an  early  stage 

the  thickening  or  swelling  muffles  the  valves  and  alters  the  sounds  pro- 
duced by  their  closure;  (2)  if  not  prevented  by  the  cap  of  fibrin  a hole 
may  be  tom  in  the  valve  (fenestration),  or  traction  by  the  flowing  blood 
on  a large  or  loosely  attached  vegetation  may  pull  it  away,  giving  rise 
to  a fenestrum  at  the  point  from  which  the  fibrin  mass  was  detached; 

(3)  laceration  of  the  valve  leaflet,  a further  process  than  fenestration; 

(4)  adhesions  of  valve  leaflets  (see  Fig.  238);  (5)  induration,  as  organiza- 
tion occurs;  (6)  contraction  of  the  valve  (see  Fig.  237);  (7)  calcareous 
or  atheromatous  changes  (see  Fig.  238);  (8)  dilatation  of  the  valve  or 
orifice  may  occur  early,  from  the  softening  and  edema  of  the  initial  stage, 
or  it  may  follow  the  atheroma;  (9)  a single  valve  leaflet  may  relax,  pro- 
ducing what  is  sometimes  termed  an  aneurysm  of  the  valve. 

Acute  Malignant  Endocarditis.1 — (Synonyms,  Ulcerative,  Mycotic, 
Bacterial,  or  Pustular  Endocarditis;  Arterial  Pyemia;  L' Endocardite  Vege- 
tante  Ulcereuse;  Endocarditis  pycemica;  Diphtheric  Endocarditis,  etc.) 

Causes. — As  intimated  when  discussing  the  classification  of  endo- 
carditis, the  ulcerative  variety  possesses  no  causative  factors  that  distin- 
guish it  from  the  milder  form  just  described.  The  bacteriology  of  the 
two  conditions  is  essentially  similar,  although  in  cases  assuming  the  viru- 
lent type  pneumococcic,  streptococcic,  and  other  pyococcic  infections 
are  the  commonest.  The  disease  is  frequently  associated  with  pyemia, 
septicemia,  croupous  pneumonia,  puerperal  and  wound  infections,  ab- 
scesses, osteomyelitis,  and  other  processes  in  which  the  pyogenic  bac- 
teria are  usually  found.  The  simple  form  of  endocarditis  may  gradually 
develop  into  the  malignant  type.  Malignant  endocarditis  is  particu- 
larly prone  to  involve  sclerotic  valves ; Orth  holds  that  it  never  affects 
previously  sound  tissue,  and  the  number  of  cases  examined  post- 
mortem in  which  the  acute  lesion  was  engrafted  on  sclerotic  leaflets 
differs  in  the  collected  series  of  cases,  but  is  always  high,  ranging  from 
sixty  to  eighty-eight  per  cent.  Occasionally  it  is  secondary  to  myo- 
cardial infection,  particularly  when  the  latter  results  from  infective 
embolism  of  the  coronary  artery. 

Ulcerative  endocarditis  may  affect  (1)  the  contact  line  of  the  valves, 
(2)  base  of  a leaflet,  or  (3)  it  may  be  mural.  As  to  orifice,  Osier,  Sansom, 
and  Flamilton  accept  the  following  order:  (1)  Mitral;  (2)  aortic;  (3) 
aortic  and  mitral;  (4)  heart-wall;  (5)  tricuspid;  (6)  pulmonary.  The 
valves  of  the  right  side  of  the  heart  are  more  frequently  affected  in  this 
form  of  endocardial  inflammation  than  in  the  acute  simple  endocarditis. 
This  is  explained,  in  part  only,  by  the  fact  that  in  such  infectious  diseases 
as  suppuration,  erysipelas,  osteomyelitis,  puerperal  fever,  and  other 
infections  involving  the  genito-urinary  organs,  ulcerations  of  the  intes- 
tine, suppurative  processes  in  the  liver,  and  otitis  media,  the  venous 
blood  returns  to  the  heart  charged  with  the  bacteria,  and  hence  the  valves 
first  subjected  to  the  danger  of  infection  are  those  of  the  right  side. 
Following  Virchow,  most  observers  believe  that  the  infection  is  the 

1 Herrick,  Northwestern  Lancet,  March  15,  1902;  Lenhartz,  Munch,  med.  Woch., 
July  9,  1901;  French,  The  Practitioner,  Dec.,  1904,  p.  753;  Thorel,  Lubarsch  and 
Ostertag’s  Ergebnisse  d.  allgem.  Path.  u.  path.  Anat.,  1903,  Neunter  Jahr.  I.  Abt., 
p.  718;  Billings,  Section  on  Prac.  of  Med.,  Amer.  Med.  Assoc.,  1909,  p.  285; 
Rosenow  Jour,  of  Infect.  Dis.,  May  20,  19x0;  Libman  and  Celler,  Amer.  jour,  of 
Med.  Sci.,  Oct.,  1910. 
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result  of  direct  implantation  of  bacteria  upon  the  valve  segments,  al- 
though Koster  has  strongly  urged  the  possibility  of  infection  through 
the  blood-vessels  of  the  leaflet.  The  almost  complete  absence  of  blood- 
vessels in  the  normal  leaflet,  and  the  fact  that  bacteria  are  most  abundant 
in  the  periphery  of  the  lesion,  would  favor  the  view  first  given;  Ivoster’s 
contention  is  supported  by  the  frequency  with  which  the  disease  affects 
valves  vascularized  as  the  result  of  antecedent  inflammation. 

Morbid  Anatomy. — Whether  preceded  by  simple  inflammation  or 
not,  necrosis,  ulceration,  and  loss  of  tissue  are  almost  constantly  present. 
Ulceration  in  the  sense  that  a distinct  recognizable  or  anatomically  perfect 
ulcer  must  be  developed  is  not  at  all  necessary.  Bacteria  are  invariably 
present  during  the  active  stage  of  the  process,  and  are  usually  most  abundant 
in  the  superficial  layers  of  the  vegetation,  although  they  are  not  infre- 


Fig.  238. — Adjacent  Aortic  Cusps,  Showing  a Small  Vegetation  Developing  Just  Below  the 

Point  of  an  Old  Adhesion. 

Calcareous  areas  are  indicated  by  the  white  areas  on  the  valve  leaflet.  A case  of  acute  endocardial  in- 
flammation ingrafted  on  a chronic  lesion. 


quently  found  at  the  bases  and  in  the  interstices  of  the  valves.  Vegeta- 
tions are  usually  large,  although  well-marked  cases  have  been  reported  in 
which  they  were  small.  They  usually  manifest  evidences  of  necrosis, 
softening,  and  fragmentation.  As  a result  of  these  changes,  embolism, 
with  the  development  of  suppurative  processes  in  other  viscera,  usually 
accompanies  this  form  of  endocarditis.  The  necrotic  processes  are  not 
restricted  to  the  vegetation  alone,  but  may  involve  the  affected  leaflet, 
which  is  sometimes  totally  destroyed.  Mural  lesions  are  not  infrequent  ; 
they  sometimes  depend  upon  direct  inoculation  from  bacteria  in  the  blood  ; 
in  other  cases  their  location  would  indicate  that  the  vegetation  had,  by 
contact,  inoculated  the  ventricular,  auricular,  or  aortic  wall.  Cases  occur 
in  which  it  is  possible  to  believe  that  the  infection  involved  the  heart 
muscle  as  a result  of  dissemination  through  the  blood  by  way  of  the 
coronary  artery. 

Microscopic  abscesses  are  sometimes  to  be  recognized  in  the  valve 
tissue,  and  similar  areas  of  a larger  size  are  occasionally  observed  in 
the  myocardium.  The  extension  of  the  infection  to  the  myocardium 
may  lead  to  penetration  or  perforation  of  the  ventricular  septum,  aneu- 
rysm, or  rupture  of  the  heart.  The  calcific  deposits  occasionally  ob- 
served in  this  form  of  endocarditis  may  be  due  to  the  fact  that  the  lesion 
is  ingrafted  upon  an  old  endocardial  change  in  which  calcification  was 
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present.  In  other  instances  there  is  reason  to  believe  that  the  infiltra- 
tion is  secondary  to  the  acute  process  with  which  it  is  found. 

The  structural  alterations  produced  by  this  form  of  endocarditis 
are  often  striking;  entire  leaflets  may  disappear  and  penetration  of  the 
cardiac  septa  may  give  rise  to  abnormal  communication  between  the 
cavities.  The  disease  is  often  rapidly  fatal,  although  Herrick’s  conten- 
tion that  many  typical  cases  recover  is  now  generally  accepted.  The 


Fig.  239. — Heart.  Malignant  Endocarditis  op  the  Mitral  Leaflets  and  Part  of  the  Auricle. 

A.  Intra-auricular  (mural)  endocarditis.  B.  B.  Mitral  leaflets  unon  which  are  numerous  necrotic  vegeta- 
tions. C.  Fibroid  myocarditis.  D.  D' . Two  parts  of  papillary  muscle  and  tendon  eroded  through 
and  separated  by  the  progressing  necrosis.  D.  Partly  necrotic  papillary  muscle  separated  from  the 
tendon.  D' . Tendon  attached  to  valve.  E.  Large  mass  of  vegetation  which  had  retroverted  into 
auricle  and,  by  friction  against  wall,  inoculated  the  surface.  F.  Attenuated  muscle  column  that 
has  eroded  through. 


rapid  formation  and  prompt  necrosis  of  vegetations  induce  a constant 
change  in  the  morphology  of  the  affected  valves  and  fibrin  masses, 
resulting  in  sudden  alterations  in  the  physical  signs,  usually  absent  in 
other  types  of  endocarditis.  In  some  cases  the  symptomatology  is 
largely  restricted  to  the  heart  manifestations;  this  form  of  the  affection 
is  called  the  cardiac  type.  In  other  instances  the  symptomatology  is  not 
unlike  typhoid  fever  ( typhoid  type).  In  the  pyemic  or  septic  type,  the 
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phenomena  are  those  of  pyemia  or  septicemia;  embolism  and  metastatic 
abscesses  are  not  infrequent.  In  some  cases  definite  febrile  paroxysms, 
during  which  the  temperature  rises  sometimes  from  50  C.  to  6°  C.,  occur 
( pseudomalarial  type).  These  phenomena  are  due  to  the  influence  of  bac- 
terial toxins,  derived  from  the  lesions  in  the  heart,  or  resulting  from 
the  pullulation  of  bacteria  in  the  blood-stream.  Septic  inflammations 
of  the  joints  are  not  uncommon;  endarterial  infection  which  may  ter- 
minate in  aneurysm,  and  rupture  of  the  affected  vessel  sometimes  occurs. 
These  and  other  indications  of  a widely  distributed  infection  justify  the 
name  arterial  pyemia  given  to  the  condition  by  the  older  writers.  Some 
of  the  cases  belonging  to  the  cardiac  type  may  drag  along  for  weeks  or  even 
months  (chronic  ulcerating  endocarditis) ; French  refers  to  an  instance 
in  which  the  illness  lasted  297  days.  In  patients  who  recover  there  is 
usually  marked  valvular  distortion,  which  may  also  involve  the  orifice, 
in  either  case  permanently  crippling  the  heart. 

Chronic  Endocarditis.1  (Synonyms,  Indurative,  Fibrous,  Sclerotic,  Ad- 
hesive, Interstitial,  or  Permanent  Endocarditis  and  Arteriosclerotic  Val- 
vulitis.) 

Chronic  induration  of  the  cardiac  valves  may  result  in  a number  of 
conditions;  as  already  indicated,  the  acute  forms  of  endocarditis  may 
leave  the  valves  irreparably  damaged,  the  leaflets  thickened,  the  margins 
irregular  and  indurated  and  sometimes  adherent.  It  is  not  improbable 
that  minor  structural  alterations  in  the  leaflets  may  constitute  a basis 
upon  which  a chronic  sclerosing  process  is  implanted.  In  many  cases, 
however,  this  condition  occurs  without  any  antecedent  endocarditis. 
It  is  particularly  associated  with  affections  in  which  persistent  high 
tension  occurs.  Roy  and  Adami  showed  that  if  the  aortic  pressure 
be  raised  by  constriction  of  the  aorta,  edematous  blebs  might  develop 
in  the  aortic  leaflets  at  points  corresponding  to  the  location  of  the  most 
characteristic  lesions  of  chronic  fibroid  valvulitis.  It  is  probable  that 
this,  in  a way,  explains  the  influence  of  increased  stress  on  the  valve 
leaflets  in  man.  The  hypertension  associated  with  arteriosclerosis  and 
contracted  kidney  is  a frequent  cause.  This  form  of  valvular  disease 
is  often  seen  in  syphilitics  and  in  the  gouty,  and  is  common  in  alcoholics. 
Valvular  sclerosis  is  rare,  although  not  unknown,  in  youth,  and  occurs 
with  increasing  frequency  in  each  decade  after  the  fourth.  It  is  so  con- 
stantly associated  with  degenerative  changes  in  the  vessels  that  it  has 
been  called  arteriosclerotic  valvulitis. 

Morbid  Anatomy. — Chronic  sclerotic  changes  occur  in  both  mural 
and  valvular  endocardium;  in  the  former  the  change  is  rarely  intense. 
The  valves  and  orifices  commonly  affected  are  those  of  the  left  side  of  the 
heart;  sclerosis  of  the  tricuspid  and  pulmonary  leaflets  is  exceedingly 
rare.  The  first  change  observed  is  a grayish  opacity,  usually  developing 
along  the  line  of  contact  and,  on  the  aortic  leaflets,  often  radiating 
from  the  corpora  arantii.  Sometimes  the  thickening  forms  distinct 
lines,  parallel  with  the  free  edge,  giving  the  surface  of  the  valve  a rippled 
appearance.  Occasionally  the  valves  remain  pliable,  constituting  the 
soft  variety  of  chronic  valvulitis.  Histologic  examination  of  such 
structures  shows  that  the  new  tissue  is  mostly  elastica;  this  type  is 
of  infrequent  occurrence  and  the  lesion  is  rarely  marked.  The  dense 
or  hard  form  is  more  common.  Histologic  examination,  in  the  earlier 

1 Dewitzky,  Virch.  Arch.,  Feb.,  1910,  Bd.  cxlix,  H.  2,  p.  273,  and  Dec.,  1910,  Bd. 
ecii,  H.  3,  p.  341. 
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stages,  discloses  a marked  connective-tissue  hyperplasia,  scantily  sup- 
plied with  fibroblasts.  The  interstitial  fibroid  change  develops  slowly, 
and  gradually  extends.  It  increases  the  thickness  and  lessens  the  plia- 
bility of  the  valve,  sooner  or  later  contracts,  and  undergoes  calcareous 
change.  The  newly  formed  fibrous  tissue  frequently  shows  necrotic  and 
degenerative  processes,  and,  when  fully  developed,  commonly  contains 
areas  of  calcareous  infiltration.  Degenerative  and  necrotic  changes  in 
the  overlying  endothelium  may  expose  the  calcareous  plaques;  the 
presence  of  projecting  spicules  of  calcific  matter  leads  to  a deposit  of 
blood-platelets,  followed  by  fibrin,  so  that,  even  in  this  form  of  endocardi- 


e 

Fig.  240.  Aortic  Stenosis  seen  from  Aorta. 

Chronic  Endocarditis  with  fusion  of  two  leaflets,  converting  aortic  orifice  into  slit-like  opening  extend- 
ing from  A to  B.  C.  Point  of  fusion  between  the  two  leaflets.  All  leaflets  are  greatly  thickened  and 
the  sinuses  of  Valsalva  are  partly  occupied  by  newly  formed  tissue. 


tis,  small  fibrinous  collections  (vegetations)  are  occasionally  seen.  As 
contraction  progresses,  curling  of  the  valve  edges,  insufficiency,  and 
stenosis  commonly  develop.  In  figure  235  the  valve  leaflet  on  the  extreme 
right  is  beginning  to  show  slight  eversion.  The  chordae  tendineae  thicken, 
agglutinate,  or  shorten,  so  that  the  muscle  may  appear  to  be  inserted 
immediately  into  the  valve  cusp;  narrowing,  marginal  thickening,  and 
adhesion  lead  to  such  conditions  as  the  button-hole  mitral,  funnel  mitral, 
etc.  As  the  sclerosis  advances,  the  calcific  changes  become  more  marked, 
and  eventually  the  valves  and  margins  of  the  orifices  are  converted  into 
hard,  calcareous,  fibroid  structures,  with  scarcely  a normal  element  remain- 
ing. The  mural  form  of  chronic  endocarditis  is  secondary  to  atheroma 
or  interstitial  myocarditis,  and  is  manifested  by  the  presence  of  hard, 
fibroid,  or  calcareous  areas  on  the  cardiac  wall. 

Results  of  Endocarditis. — When  the  valve  does  not  return  to  the 
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normal,  which  in  rare  cases  may  occur,  the  changes  already  described 
lead  inevitably  to  one  of  two  conditions  or  to  both. 

1.  Narrowing,  Obstruction,  or  Stenosis. — This  condition  may  be 
brought  about  in  any  of  the  following  ways:  (a)  Vegetations  projecting 
into  the  lumen  when  the  valve  is  open;  ( b ) stiffened  valves  that  do  not 
open;  ( c ) contracted  valves  that  cannot  open,  but  subtend  the  orifice 
like  cords;  ( d ) adherent  valves,  the  adhesions  preventing  opening;  ( e ) 
eversion  or  inversion  of  a leaflet  either  as  a part  or  as  a whole;  (/)  a 
lacerated  leaflet  hanging  in  the  current;  (g)  contraction  of  the  orifice 
incident  to  a circumferential  inflammation  at  the  base  of  the  valve,  or 
in  the  mitral,  the  free  margin;  (h)  loss  of  elasticity  of  the  orifice,  owing 
to  fibrous  or  calcareous  changes,  or  to  both,  without  of  necessity  con- 
tracting, but  being  inelastic,  is  practically  a stenosis;  (i)  combinations 
of  these  processes. 


Fig.  241. — Adherent  and  Thickened  Valve  Leaflets.  (Rindfleisch.) 

V/ew  obtained  by  looking  downward  upon  the  aortic  valves  from  the  aorta.  Two  leaflets  are  adherent, 
all  are  contracted,  thickened,  everted,  and  unable  to  open  widely  or  close  tightly. 

2.  Insufficiency  or  Incompetency  of  the  Valves,  Permitting  Regurgi- 
tation.— (a)  Valves  may  be  propped  open  by  a vegetation;  (b)  valves 
may  be  too  stiff  to  close;  (c)  contracted  valves  cannot  close,  for  the 
same  reason  that  they  cannot  open;  ( d ) inverted,  everted,  or  lacerated 
valves  often  fail  to  close  the  orifice;  ( e ) fenestra  below  the  line  of  contact 
permit  regurgitation;  (/)  contraction  of  the  orifice  leading  to  wrinkling 
of  the  leaflets  is  by  some  supposed  to  be  a cause;  (g)  relaxation,  distention, 
or  dilatation  of  the  orifice  beyond  a size  that  the  valve  can  close.  This 
condition  is  called  relative  insufficiency  and  may  be  due  to  relaxation 
of  the  opening  without  any  disease  of  the  endocardium. 

Influence  of  Stenosis  and  Regurgitation  on  Cardiac  Sounds. — The  normal 
cardiac  sounds  are  produced  by  (x)  contact  of  the  organ  with  the  chest 
wall,  (2)  muscle  contraction,  (3)  valve  closure,  and  (4)  blood  flow.  Of 
themselves,  stenosis  and  regurgitation  do  not  primarily  influence  the  first 
and  second  of  these  factors  but,  because  of  alterations  in  the  valves  and 
orifices,  sounds  result  ng  from  closure  of  valve  leaflets  and  the  flow  of  blood 
through  narrowed  or  otherwise  affected  orifices,  are  altered.  When,  as 
the  result  of  pathological  lesion  the  period  in  which  a valve  should  be 
closed  is  not  attended  by  apposition  of  the  leaflets,  the  consequent 
auscultatory  phenomena  are  replaced  by  sounds  produced  by  vibrating 
blood  passing  in  the  reverse  of  the  normal  current  (regurgitation).  The 
audible  phenomena  are  called  murmurs,  the  palpable,  thrills.  The  thrill 
is  to  taction  what  the  murmur  is  to  audition;  the  one  is  felt,  the  other 
heard.  Both  are  manifestations  of  vibration  and  the  discussions  that  have 
arisen  as  to  their  nature  have  been  centered  upon  the  sources  of  the  vibra- 
tions. Bradshaw1  believes  that  murmurs  cannot  be  attributed  to  friction 
and  primary  vibration  of  valves  and  the  generally  accepted  vxw  is  that  they 

1 Arch,  des  Mai.  du  Coeur,  des  Vaisseaux,  et  du  Sang,  June,  1908. 
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depend  upon  the  production  of  fluid  veins  consisting  of  eddies  or  swir's 
formed  in  the  flowing  blood.  Such  abnormal  currents  induce  vibration 
of  the  blood  in  the  vessel  or  cardiac  cavity  which  in  turn  is  transmitted 
through  the  chest  wall  and,  if  audible,  may  be  detected  by  auscultation; 
if  palpable,  by  palpation ; and  sometimes,  by  both.  As  the  eddies  or  swirls 
are  perpetuated  in  the  blood  stream  until  normal  currents  are  re-established 
it  becomes  evident  that  murmurs,  most  evident  at  their  point  of  production, 
extend  in  the  line  of  the  flowing  blood,  becoming  less  distinct  and  finally 
disappearing.  A notable  exception  is  the  systolic  murmur  of  mitral 
regurgitation  which  ought  best  be  heard  over  the  left  auricle  and  not, 
as  everyone  agrees  it  is,  at  the  apex  beat  of  the  heart.  It  is  probable  that 
this  is  due  to  transmission  of  the  murmur  to  the  blood  surrounding  the 
mitral  cone  whence  it  is  propagated  to  the  ventricular  apex.  As  the 
intensity  of  any  murmur  is  largely  determined  by  the  speed  and  pressure 
under  which  the  blood  is  flowing,  and  as  these  are  exceedingly  variable 
qualities,  it  is  evident  that  the  same  lesion  may,  at  different  times,  be  at- 
tended by  murmurs  of  varying  intensity,  and  that  marked  changes  may  be 
present  without  audible  vibration. 

Influence  of  Stenosis  and  Insufficiency  on  Cardiac  Work. — It  matters 
not  which  of  the  above  processes  occurs,  the  inevitable  consequence  will 
be  increased  work  for  the  heart,  and  this  must  lead  to  either  hypertrophy 
or  dilatation.  It  is  not  possible,  in  the  space  available,  to  consider  the 
physics  of  the  normal  circulation,  with  which  it  is  presumed  that  the 
reader  is  familiar,  nor  can  the  disturbance  brought  about  by  stenosis  and 
insufficiency  be  fully  reviewed.  It  is,  of  course,  evident  that  either 
of  these  conditions  affecting  the  orifice  through  which  the  ventricle  is 
normally  emptied,  more  profoundly  influences  the  function  of  that 
structure  than  when  the  process  involves  the  orifice  through  which  the 
cavity  is  filled.  With  the  occurrence  of  aortic  stenosis  the  work  of  the 
left  ventricle  must  be  increased,  as  it  necessarily  requires  more  force  to 
deliver  ioo  gm.  of  blood  through  an  orifice  50  mm.  in  diameter  than 
through  an  orifice  possessing  a circumference  of  70  mm.  Were  there  not 
so  many  factors  to  be  taken  into  consideration,  it  would  be  possible  the- 
oretically to  calculate  the  amount  of  increase  in  cardiac  work  resulting 
from  a one-tenth  reduction  in  the  sectional  area  of  the  aortic  orifice. 

Cardiac  work  is  also  increased  by  insufficiency  or  regurgitation,  for 
if  100  gm.  of  blood  has  been  delivered  into  the  aorta  during  the  previous 
systole,  and  if  25  gm.  returns  to  the  ventricle  by  reason  of  insufficiency 
in  the  aortic  valves,  the  ventricle  at  the  same  time  receiving  its  normal 
inflow  from  the  auricle,  it  must  be  apparent  that,  in  order  to  assure  its 
progress,  one-fourth  of  the  blood  is  being  pumped  into  the  aorta  twice. 
It  of  necessity  follows  that  the  heart  is  doing  one-fourth  of  its  work  over, 
which,  of  course,  implies  an  enormous  increase  in  cardiac  labor.  The  same 
hypotheses  applied  to  the  auricles  would  not  justify  the  same  conclusions; 
the  auricular  cavities  communicate  directly  with  their  respective  venous 
systems,  so  that  the  venous  system  of  the  side  in  question  must  always 
be  considered  practically  as  a part  of  the  auricle.  Nevertheless,  it  is 
evident  that  regurgitation  through  the  mitral  orifice  must  increase  the 
work  of  the  heart,  as  when  the  left  ventricle  contracts,  a part  of  its 
force  loses  its  effectiveness  through  the  fact  that  the  insufficient  mitral 
permits  a backward  flow  into  the  auricle.  During  the  next  diastole  the 
ventricle  should  receive  its  normal  quota  of  blood  plus  the  blood  that  was 
regurgitated  into  the  auricle  through  the  insufficiently  guarded  mitral. 
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This,  of  course,  means  increased  work  for  the  ventricle.  Upon  the  left 
ventricle  mitral  stenosis  acts  differently — at  least,  when  marked — as 
already  referred  to  when  considering  local  atrophy  of  the  heart.  (See  p. 
487.)  In  the  presence  of  increased  cardiac  work  brought  about  in  ways 
that  have  just  been  mentioned,  hypertrophy  or  dilatation  must  of 
necessity  follow. 


Simple  hypertrophy  is  increased  weight  with  increased  functional 
power,  without  evident  alteration  in  the  size  of  the  cavity. 

Eccentric  hypertrophy  is  assumed  to  be  increased  weight,  with  in- 
creased (?)  functional  power  and  increased  cavity;  in  other  words,  it 
is  the  same  as  dilatation  with  thickening;  during  life  the  symptoms,  if  any 
presented  themselves,  were  those  of  dilatation  rather  than  hypertrophy. 

Concentric  hypertrophy  is  assumed  to  be  hypertrophy  at  the  expense 
of  the  cavity:  that  is,  increased  weight,  etc.,  with  diminution  in  the  size  of 
the  cavity.  It  is  a postmortem  change,  or  is  dependent  upon  the  con- 
ditions that  determine  death.  Allbutt  refers  to  it  as  a “mythical  type’’ 
of  hypertrophy.  How  easily  one  may  be  misled  is  illustrated  by  the 
following  experiment : 

Obtain  three  bullocks’  hearts  immediately  on  slaughtering.  In 
one  heart  all  the  vessels  should  be  ligated  before  the  animal  is  bled  or 
the  vascular  system  opened;  let  the  second  heart  remain  empty.  The 
third  heart  is  to  be  distended  by  ligating  the  pulmonary  veins,  sectioning 
the  aortic  valves,  and  attaching  the  aorta  to  a gravity  bottle  of  sufficient 
height  to  supply  a constant  pressure  of  250  mm.  of  mercury.  It  is  best 
that  all  the  hearts  possess  about  the  same  weight.  In  a few  hours, 
when  rigor  mortis  has  ceased  to  act,  the  following  will  be  found:  The 

first  heart  is  an  example  of  hypertrophy  with  a normal  cavity;  the  sec- 
ond, hypertrophy  with  diminished  cavity;  the  third,  hypertrophy  with 
increased  cavity.  As  death  may  arrest  the  heart  in  any  degree  of  dis- 
tention, or  rigor  mortis  act  to  any  extent,  any  one  of  the  foregoing  con- 
ditions may  be  found  in  any  hypertrophied  heart  examined  postmortem. 
Simple  hypertrophy  therefore  remains. 

Dilatation  with  thickening  is  admitted,  as  is  dilatation  with  thinning; 
but  simple  dilatation  implies  a larger  cavity,  with  wall  of  normal  thickness, 
and  as  such  a heart  must  weigh  more,  it  requiring  more  muscle  to  surround 
a large  cavity  with  a wall  of  a given  thickness  than  a smaller  cavity,  as 
the  normal,  the  condition  is  one  of  dilatation  with  increased  weight  or 
thickening. 

Causes  of  Hypertrophy  and  Dilatation. — Increased  work  with  adequate 
nutrition  is  followed  by  hypertrophy.  Overwork — that  is,  work  beyond 
the  nutrition  and  muscular  power  of  the  organ — -leads  to  dilatation. 

These  may  be  due  to  conditions  intracardiac  or  extracardiac;  the 
former  is  sometimes  called  cardiopathy , the  latter,  when  due  to  vascular 
influences,  is  known  as  cardiac  arteriopathy. 

Among  the  intracardiac  causes  are  included  those  valvular  lesions, 
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already  described,  which  persist  sufficiently  long  to  influence  materially 
the  amount  of  work  that,  the  heart  is  called  upon  to  perform;  these 
include  both  obstruction  and  insufficiency.  There  has  also  been  described 
a form  of  subvalvular  stenosis  characterized  by  narrowing  of  the  aortic 
area  of  the  ventricle  immediately  on  the  cavity  side  of  the  aortic  orifice; 
the  condition  is  called  subvalvular  or  pre-aortic  stenosis  or  subvalvular 
constriction.1  In  the  cases  reported  by  Shennan  and  Smart  the  condition 
was  associated  with  aortic  obstruction.  Myocardial  sclerosis  is  some- 
times given  as  a cause  of  cardiac  hypertrophy.  It  is  probable,  however, 
that  in  most,  if  not  all,  hearts  in  which  fibroid  change  and  hypertrophy 
are  concurrent  the  sclerosis  has  followed  the  hypertrophy,  and  not  the 
reverse.  Overstimulation  of  the  cardiac  muscle  resulting  from  excessive 
use  of  alcohol,  tea,  or  tobacco  is  also  given  as  one  of  the  intracardiac 
causes  of  hypertrophy;  it  is  presumed  that  the  influence  of  these  agents  is 
manifested  by  overstimulation  of  the  motor  ganglia  of  the  heart  or  by  an 
inhibiting  influence  on  the  regulating  mechanism  of  the  organ.  It  is 
alleged  that  drinking  large  quantities  of  fluids  increases  cardiac  work  and 
consequently  induces  hypertrophy,  “beer-drinkers’  heart.”  Possibly; 
but  the  mechanism  for  adjusting  the  moving  blood  volume,  excretion, 
venous  distensibility,  is  fairly  efficient.  Kefferstein2  believes  that  the 
cardiac  hypertrophy  observed  in  beer  and  tea  drinkers  is  a result  of 
stimulation  and  is  not  of  mechanical  origin. 

The  important  extracardiac  causes  increasing  the  work  of  the  heart 
are  usually  grouped  as  (1)  physiologic  and  (2)  pathologic.  The  physio- 
logic include  the  increased  work  demanded  in  individuals  performing 
hard  labor  and  in  athletes.  Cardiac  hypertrophy  is  usually  held  to  be  a 
physiologic  process  during  gestation.  There  has  been  considerable 
discussion  as  to  whether  either  of  these  factors  is  important  in  the  pro- 
duction of  cardiac  enlargement;  the  weight  of  authoritative  opinion 
seems  to  be  in  favor  of  according  them  a certain  value,  which,  however, 
is  not  great.  The  most  important  of  the  pathologic  causes  are  the 
arteriopathies,3  which  increase  the  blood-pressure.  These  include  nar- 
rowing or  hypoplasia  of  the  aorta,  arteriosclerosis,  and  especially  the 
latter  when  associated  with  chronic  interstitial  nephritis.  Pericardial 
adhesions,  and  other  forms  of  chronic  pericarditis,  probably  increase 
the  amount  of  work  demanded  of  the  heart.  In  addition  to  the  fore- 
going, there  are  instances  of  cardiac  hypertrophy  occurring,  particu- 
larly in  infants,  and  often  congenital,  for  which  no  satisfactory  explana- 
tion can  be  given.4 

Hypertrophy  of  the  left  ventricle  is  by  far  the  most  common,  but 
hypertrophy  of  the  right  occurs  not  infrequently.  Those  of  the  preceding 
causes  that  may  here  act  are  apparent,  and  to  such  may  be  added:  (1) 
Rise  of  pressure  in  the  pulmonary  area  due  to  mitral  disease;  primary 
pulmonary  arteriosclerosis,5  an  exceedingly  rare  condition;  (2)  narrowing 
of  the  pulmonary  blood-vessels,  as  in  congenital  stenosis  of  the  pulmonary 
artery;  reduction  in  the  vascular  area  of  pulmonary  artery,  as  in  emp  y- 

1 Allbutt,  A System  of  Medicine,  edited  by  Allbutt  and  Rolleston,  1909,  vol.  vi, 

p.  433;  Shennan,  Lancet,  Jan.  7,  1905,  p.  21,  and  Smart,  Lancet,  Nov.  19,  1904, 
p.  1417.  - 

2 Zeitschr.  f.  diat.  u.  phys.  Therap.,  Bd.  viii,  H.  4. 

3 Janeway,  Amer.  Jour.  Med.  Sci.,  Jan.,  1907. 

4 Hedinger,  Virchows  Arch.,  Bd.  clxxviii,  No.  2;  Simmonds,  Munch,  med.  Woch., 
Jan.  24,  1899. 

5 Sanders,  Arch.  Intern.  Med.,  April,  1909. 
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sema  and  interstitial  pneumonia;  (3)  valvular  lesions  of  the  right  side;  (4) 
tumors  and  aneurysms  pressing  upon  the  pulmonary  artery. 

Morbid  Anatomy  of  Hypertrophy. — Hypertrophy  may  involve  the 
entire  myocardium  or  may  be  largely  restricted  to  the  wall  of  a single 
cavity,  usually  the  left  ventricle.  When  the  entire  heart  is  involved,  the 
organ  is  both  lengthened  and  broadened.  Hypertrophy  of  the  auricle 
without  dilatation  rarely,  if  ever,  occurs.  When  the  wall  of  the  left 
ventricle  is  involved,  the  apex  of  the  heart  is  formed  by  the  myocardium 
of  that  side,  and  is  usually  displaced  toward  the  left.  Hypertrophy  of 
the  right  ventricle  broadens  the  heart  more  than  when  the  opposite  side 
is  involved;  the  lengthening  is  less  marked.  The  test  for  hypertrophy 
is  increased  weight;  hearts  weighing  over  1800  gm.  have  been  reported. 
In  uncomplicated  hypertrophy  the  myocardium  is  often  redder  than  in 
health,  firm,  and  resists  incision.  Frequently  there  is  an  associated 
fibroid  or  fatty  change,  in  which  case  the  muscle  is  paler  than  normal; 
if  fibroid,  the  density  is  increased;  if  fatty,  the  organ  is  soft.  Histo- 
logically1 a numeric  increase  of  muscle  fibers  is  possible  but  not  established 
beyond  reasonable  doubt;  during  the  active  stage,  both  the  new  and  the 
old  fibers  are  larger  than  normal. 

Life  History  of  Hypertrophy. — Hypertrophy  is  not  a disease,  but  a 
definite  physiologic  process  with  the  distinct  object  of  meeting  a demand 
for  more  cardiac  force:  just  as  any  muscle  responds  to  an  increased 
stimulus  for  energy,  the  heart  may  respond.  It  is,  however,  imperatively 
necessary  that  the  demand  be  not  too  suddenly  expressed,  and  that 
abundant  nutrition  be  supplied  to  attain  the  desired  end.  It  will  be 
observed  that  most  of  the  causes  already  given  are  progressive  in  char- 
acter and  permanent  in  action,  and  will,  therefore,  indefinitely  increase 
the  demand  for  work;  or  advancing  years,  with  the  concomitant  changes 
in  general  nutrition,  or  the  inroad  of  other  processes,  such  as  nephritis 
and  intoxication,  may  modify  the  nutritional  value  of  the  blood  and  lessen 
the  available  food-supply  for  the  heart.  In  either  case  the  compensation 
that  nature  has  attempted  may  be  overthrown  by  the  wasting  that  the 
new  changes  induce.  In  the  earlier  stages  of  stenosis  and  insufficiency 
abundant  nutrition  and  slowly  increasing  work  favor  the  occurrence 
of  hypertrophy,  with  which  there  may  be  a certain  degree  of  dilatation. 
The  hypertrophy,  however,  exceeds  the  dilatation;  with  the  increased 
cavity  there  is  a proportionate  increase  in  the  volume  of  muscle.  Later, 
dilatation  gains  on  the  hypertrophy,  compensation  fails,  and  the  circula- 
tion, possibly  for  the  first  time,  begins  to  manifest  evidences  of  embarrass- 
ment. Hypertrophy  then  passes  into  dilatation.  It  is  well  also  to  recall 
that  hypertrophy  is  at  the  expense  of  cardiac  reserve  force.  A heart 
having  attained  its  maximum  hypertrophy  possesses  a minimum  of  reserve 
force  and  consequently  fails  under  a relatively  slight  increase  of  load. 

Acute  dilatation,2  may  or  may  not  be  preceded  by  hypertrophy. 
Cases  occur  in  which  the  cardiac  tone  is  inadequate,  or  the  nutrition  in- 
sufficient, to  meet  a suddenly  expressed  demand  for  vigorous  contraction; 
ordinarily,  this  is  met  by  the  reserve  force  of  the  organ,  but  this  may  be 
deficient  as  the  result  of  general  malnutrition  or  local  disease,  as  occurs 
in  granular  degeneration  and  myocarditis,  or  the  work  suddenly  thrown 

1 Lissauer,  Munch,  med.  Woch.,  Sept.  7,  1909,  p.  1830. 

2 Robinson,  Amer.  Jour.  Med.  Sci.,  Feb.,  1907;  Starck,  Munch,  med.  Woch., 
Feb.  14,  1905;  Cheinisse,  La  Sem.  Med.,  Feb.  27,  1907;  Teissier,  La  Sem.  Med., 
Jan.  12,  1909,  p.  13;  Barach,  Arch.  Intern.  Med.,  April  15,  1910,  vol.  v,  p.  382. 
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on  the  heart  may  be  beyond  the  power  of  the  reserve  force;  in  either  case 
the  inability  of  the  organ  fully  to  perform  its  function  leads  to  a gradual 
sudden  accumulation  of  blood  within  the  cavity — dilatation.  Acute  dila- 
tation occurs  in  mountain  climbing,  after  severe  exertion,  and  sometimes 
during  excitement.  Suddenly  developed  valvular  insufficiency,  as  from 
laceration  or  rupture  of  a leaflet,  may  bring  about  the  same  result.  The 
myocardium  may  yield  and  the  cavities  overdistend  under  the  influence 
of  bacterial  toxins.  This  form  of  acute  dilatation  is  especially  observed  in 
diphtheria,  pneumonia,  rheumatic  fever,  typhoid,  influenza,  and  other 
infectious  diseases  characterized  by  intense  toxemia.  In  some  of  these 
conditions  (diphtheria)  the  dilatation  develops  with  such  rapidity  as  to 
cause  practically  instantaneous  death.  Occasionally  the  myocardial 
weakness  comes  on  somewhat  insidiously  and  may  appear  during  con- 
valescence. Clifford  Allbutt  has  particularly  called  attention  to  this  form 
of  cardiac  overdistention  following  typhoid  fever.  In  patients  exhausted 
by  protracted  illness,  such  as  tuberculosis,  or  profound  blood  dyscrasiae — - 
for  example,  chlorosis,  pernicious  anemia,  and  leukemia — a moderate 
acute  or  subacute  dilatation  may  result  from  slight  exertion. 

Chronic  dilatation,  as  previously  mentioned,  usually  follows  hyper- 
trophy, when  compensation  can  no  longer  be  maintained. 

Morbid  Anatomy  of  Dilatation. — The  lesion  is  most  frequent  on  the 
right  side,  and  most  marked  in  all  the  cavities  as  a result  of  aortic  incom- 
petency. Auricles  never  hypertrophy  without  dilatation,  and  may 
attain  an  enormous  size.  Dilatation  of  a cavity  leads  to  dilatation  of  the 
orifices  that  communicate  with  it,  and  hence  to  incompetency  of  the 
valves.  Opacity  of  the  endocardium  has  been  noted.  The  muscle-fibers 
not  uncommonly  show  advanced  degenerative  change,  and  in  some  cases  a 
well-defined  interstitial  myocarditis  is  present.  Occasionally  pigmenta- 
tion is  marked.  In  dilatation  with  thickening  the  weight  of  the  heart  is 
above  normal  and  the  thickness  of  the  wall  of  the  affected  cavity  may  not 
be  altered,  especially  is  this  true  in  the  earlier  period  of  failing  compensa- 
tion. Later  the  wall  is  greatly  thinned;  this  change  is  most  conspicuous 
in  notably  enlarged  auricles.  When  dilatation  is  not  preceded  by  hyper- 
trophy the  myocardium  is  necessarily  thinner  than  normal.  Degeneration 
of  the  cardiac  ganglia  has  been  observed. 

Influence  of  Cardiac  Failure  on  the  Circulation  and  Nutrition  of  Other 
Organs.— Lesions  of  the  valves  or  orifices,  and  alterations  in  the  texture 
of  the  myocardium,  may  render  the  heart  unable  adequately  to  advance 
the  blood,  in  which  case  accumulation  in  the  venous  system,  distention  of 
capillaries  within  organs,  chronic  congestion,  malnutrition,  edema,  pig- 
mentation, and  other  conditions  follow.  In  order  to  appreciate  the  extent 
of  the  alterations  depending  upon  progressing  cardiac  inefficiency  it  is 
necessary  to  consider,  briefly,  the  sequence  of  events  resulting  from  dis- 
ease affecting  the  aortic  orifice;  for  present  purposes  it  is  immaterial 
whether  the  lesion  of  the  orifice  be  obstruction  or  regurgitation.  In 
either  case  the  increased  work  thrown  upon  the  left  ventricle  will,  in 
favorable  cases,  be  met  by  hypertrophy,  which,  in  the  presence  of  the 
advancing  lesion,  becomes  inadequate,  the  myocardium  yields,  and 
dilatation  results.  When  the  distention  of  the  left  ventricle  reaches  a 
certain  point,  the  valves  of  the  mitral  orifice,  if  not  already  involved, 
become  insufficient  because  of  the  increased  size  of  the  opening — relative 
insufficiency.  This  condition  results  in  a recoil  of  blood  into  the  left 
auricle  during  each  contraction  of  the  dilated  ventricle.  The  auricle 
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now  receives  the  normal  quota  of  blood  coming  from  the  pulmonary 
veins,  and  also  that  regurgitating  through  the  mitral  orifice.  This  leads 
to  dilatation  of  the  auricle,  which  may,  in  favorable  cases,  be  accom- 
panied by  slight  hypertrophy.  The  relatively  thin  wall  of  the  auricle  is 
not  equal  to  any  continued  stress,  and,  therefore,  the  hypertrophy  is 
rarely,  if  ever,  marked.  In  the  meantime  the  pulmonary  veins — the 
orifices  of  which  are  not  guarded  by  valves — encounter  the  blood  recoil 
resulting  from  the  relative  insufficiency  of  the  mitral;  the  increasing 
resistance  due  to  progressing  inefficiency  of  the  left  side  more  and  more 
influences  the  pulmonary  circulation,  first  by  raising  the  tension  of  the 
pulmonary  veins  followed  by  extension  into  the  capillaries,  and  eventu- 
al'y  the  pulmonary  arteries.  For  the  first  time  the  right  side  of  the  heart 
encounters  increased  tension  in  the  pulmonary  area,  and  must  therefore 
increase  its  capacity  for  work  or  yield  and  dilate.  Under  favorable 
conditions  the  wall  of  the  right  ventricle  hypertrophies,  raises  the  pul- 
monary tension  sufficiently  to  assure  delivery  of  the  requisite  amount 
of  blood  into  the  left  ventricle,  and  in  so  doing  subjects  the  pulmonary 
capillaries  to  the  deleterious  influence  of  persistently  increased  tension. 
Failing  nutrition,  and  continued  demand  for  force  beyond  the  capacity 
of  the  myocardium  of  the  right  wall,  lead  to  its  failure,  very  much  in  the 
same  way  as  on  the  left  side.  The  resulting  dilatation  of  the  right  cavity 
causes  the  tricuspid  valves  to  become  inefficient,  regurgitation  occurs,  and 
the  tension  in  the  systemic  veins  rises. 

In  the  meantime  the  congested  lungs  suffer  from  the  baneful  influences 
of  a flagging  circulation.  The  connective  tissue  and  elastica1  increase, 
here  and  there  areas  of  circulatory  stasis  appear,  and  the  erythrocytes, 
under  the  influence  of  hemolysis,  disintegrate  and  yield  their  altered  pig- 
ment to  the  pulmonary  parenchyma.  The  indifferently  nourished  bron- 
chial mucosa  becomes  progressively  more  and  more  susceptible  to  infec- 
tions, and  hence  chronic  bronchial  inflammation,  often  slight  but  usually 
persistent,  finds  a permanent  abode  in  these  structures.  The  pigmenta- 
tion gives  rise  to  a brownish  color,  the  increase  in  interstitial  tissue,  and 
the  bronchial  thickening,  render  the  lungs  firmer  than  in  health,  the 
resulting  condition  being  known  as  brown  induration.  The  sputum  con- 
tains leukocytes  and  epithelial  cells  in  which  pigment  is  often  present 
in  abundance.  While  the  condition,  just  described,  has  been  progressing 
in  the  lung,  important  structural  changes  have  been  taking  place  in  other 
organs.  Failure  in  normal  progression  through  the  right  ventricle  nec- 
essarily causes  a rise  of  tension  in  the  larger  venous  trunks,  and  this  in  turn 
is  transmitted  to  the  capillaries  of  the  organs  drained.  The  increased 
capillary  tension  is  attended  by  changes  similar  to  those  already  described 
as  occurring  in  the  lung.  In  the  liver  the  dilated  and  distended  capillaries 
increase  the  size  of  the  organ,  the  hemolytic  processes  induce  pigmenta- 
tion, the  indifferent  nutrition  and  accumulation  of  irritants  are  followed 
by  connective-tissue  hyperplasia  (cirrhosis  of  congestion),  and  degenera- 
tive, necrotic,  or  atrophic  changes  give  rise  to  wasting  of  the  parenchyma 
cells  (red  atrophy) ; all  of  these  combine  to  render  the  hepatic  function  less 
efficient  than  in  health.  As  the  capillary  pressure  within  the  liver  rises, 
the  portal  blood  encounters  increased  resistance  within  the  hepatic  capil- 
laries and  the  consequent  tension  is  transmitted  to  the  venules  and  capil- 
laries, the  confluent  branches  of  which  form  the  portal  vein.  The  con- 
gested spleen  may  increase  in  size,  the  connective-tissue  content  of  the 

1 Pearce,  Proc.  Path.  Soc.  Phila.,  July,  1901,  p.  215. 
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organ  rises,  splenic  hemolysis  increases,  and  pigmentation  of  the  paren- 
chyma progresses.  Such  spleens  are  frequently  the  site  of  infarction. 
Similar  influences  are  manifested,  through  the  gastric  and  intestinal  veins, 
on  the  capillaries  of  the  intra-abdominal  alimentary  canal,  deleteriously 
influencing  the  nutrition  of  the  intestinal  mucous  membrane,  consequently 
lessening  its  secretory  and  absorbing  functions,  and  thereby  interfering 
with  digestion  and  attacking  nutrition  at  a vital  point. 

The  distensibility  of  the  liver  in  chronic  heart  disease  is  sometimes 
remarkable.  Occasionally  the  organ,  injected  postmortem,  will  receive 
and  again  give  up  a volume  of  water  equal  to  one-half  or  in  extreme  cases 
three-quarters  of  its  bulk;  it  is  sponge-like.  The  organ  is  usually  elastic 
although  the  degree  of  elasticity  varies,  and  it  has  been  suggested  that  the 
distensibility  renders  possible  relief  to  overfilled  veins  and  less  urgent 
demands  on  the  heart  already  overworked.1 

While  the  tissues  drained  by  the  portal  circulation  are  undergoing 
the  changes  briefly  outlined  above,  the  increased  venous  tension  has  given 
rise  to  important  alterations  in  the  kidney.  Under  the  influence  of  the 
rise  in  venous  pressure,  and  consequent  capillary  slowing,  these  organs 
develop  changes  similar  to  those  occurring  in  the  lung,  liver,  and  spleen. 
The  renal  epithelium  is  ill-nourished,  the  connective  tissue  proliferates, 
the  consistence  of  the  organ  is  increased,  and  the  condition  called  cyanotic 
induration  is  gradually  produced.  The  fluid  output  from  such  organs 
may  not,  at  first,  be  materially  altered;  usually  the  urine  is  increased  in 
quantity.  Sooner  or  later,  however,  the  kidneys  become  unequal  to  the 
task  of  secreting  the  toxic  substances  contained  in  the  blood,  and  con- 
sequently these  bodies  accumulate  in  the  circulating  fluid. 

Cardiac  Edema. — The  rise  of  venous  tension  impedes  the  circulation 
in  the  extremities,  particularly  the  legs,  alters  the  endothelium  of  the 
capillaries,  and  eventually  gives  rise  to  edema.  This  same  tendency 
results  from  the  heightened  pressure  in  the  portal  circulation  inducing 
the  ascites  from  which  these  patients  commonly  suffer.  Transudates 
within  the  thoracic  serous  cavities  (hydrothorax  and  hydropericardium) 
may  occur.  With  this  wide-spread  circulatory  disturbance  general 
nutrition  suffers,  the  muscles  waste,  the  ability  to  combat  infections  is 
lessened,  and  the  patient  falls  a prey  to  some  minor  infection,  pulmonary 
edema  and  infarction,  uremia,  or  other  legitimate  consequence  of  the 
circulatory  inadequacy. 


BLOOD-VESSELS. 

ARTERIES. 

The  normal  artery  is  composed  of:  (i)  Tunica  adventitia,  or  areolar 
sheath  of  fibrous  tissue.  (2)  Tunica  media;  (a)  in  the  large  blood-vessels 
this  consists  of  elastica  and  resilient  fibrous  tissues  with  but  little  muscle- 
fiber;  ( b ) in  the  arterioles  the  involuntary  fibers  predominate  and  the 
elastica  is  relatively  less  abundant.  (3)  Tunica  intima  is  histologically 
identical  with  the  endocardium,  and  is  known  as  the  endangium;  it  lines 
the  interior  of  all  the  blood-vessels  and  constitutes  the  wall  of  the  capillary. 

Malpositions  and  Malformations. — Anomalies  in  the  branching  and 
distribution  are  of  frequent  occurrence  but  usually  without  pathologic 
significance.  In  situs  inversus  the  aorta  is  transposed.  This  structure 

1 Salaman,  Lancet,  vol.  i,  1907,  p.  4. 
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may  be  also  duplicated.  Hypoplasia  of  the  arterial  system  is  of  infrequent 
occurrence;  Ritook1  records  17  cases  and  collects  56  from  literature. 
The  patients  are  usually  young  and  clinically  manifest  varying  degrees  of 
anemia  and  asthenia.  The  condition  has  also  been  found  frequently  in 
tuberculous  youths.  The  aorta  and  great  vessels  may  be  reduced  to 
one-half  their  normal  sizes. 

Arteritis. — Inflammations  of  an  artery  may  involve  the  external 
coat  and  contiguous  tissues — periarteritis;  the  internal  coat — endarter- 
itis; or  the  middle  coat — me s arteritis.  Many  of  the  conditions  ordi- 
narily described  as  inflammatory  and  grouped  under  the  term  arteritis 
are  composite  processes,  partly  degenerative  and  partly  inflammatory. 
In  other  instances  inflammatory  lesions  precede  degeneration  or  degenera- 
tion occurs  in  the  cellular  accumulations  resulting  from  past  inflammatory 
processes. 


A B C 


Fig.  242. — Heart  and  Aorta  of  Raebit,  Adrenalin  Atheroma,  and  Multiple  Aneurysms. 

Part  of  the  left  ventricle  is  cut  away.  The  heart  shows  moderate  hypertrophy.  The  opened  aorta  is  the 
seat  of  the  following  lesions:  A.  False  aneurysm  of  the  aorta  dissecting  in  the  media.  B.  Point  of 
iraiimum  dilatation;  the  vessel  at  this  point  is  calcareous.  C.  Three  small  aneurysmal  sacs;  the 
area  adjacent  is  calcareous.  D.  Small  aneurysmal  sac  just  above  bifurcation  of  aorta.  (The  illus- 
tration is  a little  more  than  natural  size.) 


I.  Atheromatous  Arteritis.2 — (Synonyms,  Endarteritis  Chronica  No- 
dosa, Endarteritis  Deformans.)  The  artificial  production  of  atheroma 
by  adrenalin  is  usually  construed  as  supporting  the  contention  that  the 
disease  is  due  to  hypertension.  The  affection  is  seen  particularly  in 
connection  with  conditions  in  which,  at  some  time  or  another,  a rise  in 
arterial  pressure  occurs.  It  is  not  certain,  however,  but  that  the  poisons 
giving  rise  to  the  hypertension  may  also  induce  degenerative  and  necrotic 
lesions  in  the  elastica,  which  is  always  involved.  It  has  been  suggested 
that  this  form  of  arteritis  is  due  to  primary  sclerosis  of  the  vasa  vasorum. 
The  condition  is  frequently  associated  with  chronic  interstitial  nephritis, 
syphilis,  gout,  and  rheumatism.  Overeating,  alcoholic  intemperance, 
protracted  mental  stress,  and  excessive  sexual  indulgence  are  accepted  as 

1 Zeitschr.  f.  klin.  Med.,  lx,  1907. 

2 Hollis,  Jour.  Path,  and  Bact.,  Nov.,  1894,  p.  2;  Coplin,  Proceed.  Path.  Soc. 
Phila.,  1904,  n.  s.,  vol.  vii,  No.  5,  p.  133;  Melchior,  Copenhagen  Thesis,  1904;  Ball, 
These  de  Lyon,  1906-07;  Rickett,  Jour.  Path,  and  Bact.,  Oct.,  1907:  Loeper, 
Arch,  des  Mai.  du  Coeur,  etc.,  Jan.,  1908;  Etienne  and  Fritsch,  Jour,  de  physiol,  et 
de  Pathol,  gen.,  Nov.,  1909;  Sand,  La  Sem.  Med.,  April  13,  1910,  p.  175. 
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causes.  The  disease  is  rare,  but  not  unknown,  in  the  young;  its  occurrence 
increases  with  advancing  years  and  it  is  almost  invariably  present  in 
adults  who  have  passed  the  half  century  mark.  The  disease  appears 
earlier  and  progresses  farther  in  men  than  in  women. 

Morbid  Anatomy. — Atheroma  involves  particularly  the  larger  ves- 
sels, and  especially  the  arch  and  the  thoracic  and  abdominal  aorta,  in 


Fig.  243. — Aorta,  Opened,  Showing  Different  Types  of  Atheroma. 

The  surface  is  most  extensively  altered  by  infiltration,  degeneration,  and  necrosis.  Many  of  the  necrotic 
areas  are  calcified  and  could  be  fractured  by  bending.  A,  A,  A.  Elevated  obstructing  patches  of 
atheroma  surrounding  exit  points  of  small  branches.  B,  B.  Linear  atheroma. 

the  order  given.  All  of  the  larger  branches  of  the  arterial  tree  may  be 
affected.  The  abdominal  branches  and  the  arteries  of  the  lower  limbs  are 
usually  more  susceptible  than  the  subclavian  and  its  branches.  The 
vertebral  and  larger  arteries  at  the  base  of  the  brain  are  not  infrequently 
affected.  It  is  particularly  prone  to  occur  around  smaller  branches  given 
off  by  larger  trunks;  at  such  points  it  gives  rise  to  elevated  rings  surround- 
ing the  lumen  of  the  afferent  vessel,  the  sectional  area  of  which  is  dimin- 
ished. By  reducing  the  blood-carrying  capacity  of  the  involved  vessels 
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the  nutrition  of  the  organs  supplied  by  such  structures  is  necessarily 
affected.  Diffuse,  nodular,  and  linear  types  of  the  affection  have  been 
described.  The  first  manifestation  of  the  condition  consists  of  a grayish 
or  milky,  semi-translucent  opacity  of  the  intima,  never  universal,  but  con- 
fined to  patches  here  and  there ; this  is  followed  by  elevation  of  the  patches, 
due  to  cellular  infiltration  and  thickening.  Fatty  and  necrotic  changes  in 
the  nodule  give  rise  to  a pale-yellow  spot  in  the  center,  which  spreads 
throughout  the  entire  area  involved.  Deformity  of  the  vessel  is  manifested 
by  the  occurrence  of  button-like  elevations,  usually  most  marked  where 
a branch  is  given  off,  and  irregular  dilations.  The  studies  of  Sailer  and 


Fig.  244.  Obliterative  Endarteritis.  {The  tissue  from  which  drawing  was  made  was  removed  from 
near  a cancer  of  the  face,  and  prepared  in  the  laboratory  of  the  Jefferson  Medical  College  Hospital  by  Dr. 
Thomas  Leidy  Rhoads.)  i-inch  objective,  i-inch  ocular. 

Specimen  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and 
mounted  in  balsam,  a.  Adventitia,  b.  Media,  c,  c.  Elastic  lamina,  d.  Irregular  mass  of  organ- 
izing tissue  superimposed  on  and  replacing  the  intima.  The  gross  specimen  was  hard,  cord-like,  but 
not  nodular. 


Pfahler1  indicate  that  the  vessels  are  elongated  as  well  as  dilated.  A 
central  necrosis  in  the  atheromatous  areas,  with  more  or  less  fatty  change, 
gives  rise  to  liquefaction.  This  may  terminate  by  involving  the  intima, 
which  exfoliates,  leaving  an  irregular,  so-called  atheromatous  ulcer; 
or  fibroid  and  calcareous  changes,  rarely  the  former,  with  absorption  of 
the  liquefied  part  of  the  mass,  may  perpetuate  the  condition  as  a fibrous 
or  calcific  area,  corresponding  in  size  to  that  of  the  primary  infiltration  and 
subsequent  necrosis.  Histologically  the  first  change  which  I have  been 
able  to  detect  is  fragmentation  of  the  elastica  with  some  swelling  between 
the  fibers,  promptly  followed  by  the  accumulation  of  mononuclear  cells 

1 Amer.  Jour,  of  Med.  Sci.,  Oct.,  1903,  p.  616. 
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in  which  necrotic  and  degenerative  changes  give  rise  to  liquefaction. 
The  process  terminating  in  the  formation  of  a small  cavity  containing 
liquid  is  usually  referred  to  as  a degeneration,  and  is  regarded  by  some 
observers  as  a form  of  fatty  metamorphosis.  I am  convinced  that  it  is 
a necrosis,  but  the  distinction  is  not  a matter  of  practical  importance. 
The  necrosis  or  degeneration  commences  near  the  media.  The  new  tissue 
disintegrates,  forming  a small  cavity  filled  with  granular  debris,  oil  glo- 
bules, and  occasionally  cholesterin.  The  advancing  necrosis  and  degene- 
ration may  invade  the  media,  although  extensive  involvement  of  this 
stratum  is  not  common.  The  cellular  infiltration  of  the  arterial  wall 
may  be  first  manifest  or  most  marked  around  the  branches  of  the  vasa 
vasorum. 

Atheroma  causes  loss  of  elasticity,  weakening  of  the  wall,  and  increased 
liability  to  aneurysm.  The  arterial  tube  being  made  rigid,  the  cardiac 
work  is  thought  to  be  increased,  although  upon  this  point  authorities 
are  not  fully  agreed. 

II.  Arteritis  obliterans1  is  observed  in  association  with  tertiary  syphilis 
and  contracting  kidney,  and  is  present,  as  a local  process,  in  the  vessels 
supplying  areas  of  tuberculosis.  Obliterative  changes  are  physiologic 
in  the  vessels  of  the  fetus  which  become  useless  at  birth,  and  in  the  arterial 
supply  to  the  parturient  uterus,  after  labor.  A similar,  but  not  identical 
process  occurs  in  the  branches  of  ligated  vessels,  especially  those  not 
participating  in  the  production  of  any  succeeding  collateral  anastomosis. 

Morbid  Anatomy. — The  disease  is  primarily  an  affection  of  the  smaller 
vessels,  but  may  extend  centripetally,  producing  thrombosis  in  the  larger 
trunks.  The  affected  vessels  are  hard,  often  cord-like,  usually  smooth 
externally,  although  the  obliterating  process  is  rarely  symmetric  internally. 
Adventitial  induration  and  abnormal  adhesion  to  the  perivascular 
structures  are  frequently  present.  Histologically  the  condition  is  charac- 
terized by  the  presence  of  an  irregular  cellular  mass  blending  with  the 
subintimal  structures,  the  intima  having  largely  disappeared  or  been 
replaced  by  the  new  tissue.  The  earlier  views  that  the  obliteration 
depended  upon  proliferation  in  the  intima  Buerger  believes  must  be 
abandoned  and  that  the  essential  nature  of  the  process  is  thrombus  forma- 
tion, the  new  tissue  resulting  from  organization  and  vascularization  of 
the  thrombus.  Whether  continuously  or  interruptedly  progressive  the 
lumen  is  in  many  instances  finally  closed  by  an  occluding  thrombus. 
Concurrently  with  the  changes  in  the  arteries  one  or  more  veins  may 
be  similarly  affected.  Recognizing  the  thrombosis  and  the  fact  that 
both  arteries  and  veins  are  involved  led  Buerger  to  adopt  the  name 
thrombo-angiitis  obliterans.  In  specimens  that  I have  examined  there 
was  rarely  any  conspicuous  alteration  in  the  elastica.  In  some  cases 
the  internal  elastic  lamina  is  reduplicated,  but  this  I have  often  observed 
independently  of  vascular  disease.  The  absence  of  changes  in  the  elastica 
and  the  fact  that  degeneration  and  necrosis  appear  never  to  involve  the 
newly  formed  tissue  constitute  the  conspicuous  differences  between  this 
affection  and  arteriosclerosis  and  atheroma. 

The  obliterative  change  gives  rise  to  ischemia,  which  may  be  pro- 
gressive and  sometimes  terminates  in  gangrene.  In  the  case  reported 
by  Morgan  gangrene  occurred  in  the  four  extremities  and  necessitated 

1 Levin,  Medical  Record,  April  u,  1908;  Buerger,  Amer.  Jour.  Med.  Sci.,  Jan., 
1910.  Lubarsch  u.  Ostertag.,  Ergeb.  d,  Allg.  Path.,  14  Jahr.,  II.  Abt.,  1910,  p.  539. 
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amputation  of  both  legs  and  one  hand.  In  Branson’s  patient  all  the 
palpable  peripheral  arteries  were  indurated;  one  renal  artery  was  involved 
and  the  kidney  supplied  by  the  vessel  was  shrunken.  The  figures  ac- 
companying Bradford’s1  report  of  a case  of  endarteritis  of  the  renal 
arteries  strongly  resemble  the  condition  under  consideration.  The 
reporter,  however,  does  not  call  it  an  instance  of  obliterative  endarteritis; 
the  interlobular  arteries  were  thrombosed  and  the  cortex  of  the  kidney 
necrotic.  This  form  of  arteritis  may  be  associated  with  Raynaud’s 
disease.  The  cause  of  the  obliterative  change  is  unknown ; it  sometimes  ac- 
companies syphilis,  but  clearly  all  cases  are  not  of  syphilitic  origin;  the 
parasite  of  syphilis  has  not  been  found  in  the  cases  so  far  examined. 

III.  Arteritis  infectiosa2  properly  embraces  all  of  the  infectious  diseases 
that  may  involve  the  arteries.  It  is  customary,  however,  not  to  include 
tuberculosis  and  syphilis  in  the  group,  but  to  apply  the  name  to  the  more 
acute  inflammations  due  to  infectious  agents.  The  condition  is  essentially 
of  bacterial  origin,  and  Gilbert  and  Lion  have  shown  that  it  may 
be  produced  experimentally  by  bacterial  toxins.  As  an  affection 
beginning  on  the  intima  it  is  nearly  always  the  accompaniment  of  some 
condition  attended  by  the  presence  of  bacteria  in  the  circulating  blood. 
In  such  cases  it  is  not  certain  whether  the  infection  results  from  mural 
implantation,  or  bacterial  embolism  of  a vasa  vasorum.  The  condition 
is  of  frequent  occurrence  in  pyemia  and  may  be  associated  with  ulcerative 
endocarditis.  Thayer  has  especially  studied  its  occurrence  in  typhoid 
fever,  and  it  is  known  to  be  present  occasionally  in  pneumonia,  influenza, 
puerperal  fever,  and  other  infectious  diseases,  including  gonorrhea. 
Guyot  maintains  that  the  rheumatic,  gouty,  diabetic,  and  even  the  arter- 
iosclerotic endarteritides  are  really  of  infectious  origin.  In  other  cases 
the  affected  vessels  are  involved  as  a result  of  periarterial  disease,  such  as 
abscess  and  other  suppurative  conditions  contiguous  to  the  arteries. 

Morbid  Anatomy. — In  the  mural  variety  of  infectious  arteritis  the  in- 
itial lesion  is  in  the  intima,  the  endothelium  of  which  roughens,  followed 
by  implantation  of  platelets  and  a deposit  of  fibrin.  This  rapidly  con- 
verts the  lesion  into  a thrombo-arteritis,  and  the  subsequent  manifesta- 
tions are  those  of  thrombosis  and  embolism.3  The  interstitial  variety 
may  be  due  to  extension  of  the  mural  form,  infection  of  the  media  by 
the  vasa  vasorum,  or  involvement  of  the  vessel  wall  from  the  exterior. 
In  these  cases  leukocytic  infiltration  is  often  marked  and  softening  of 
the  vessel  may  lead  to  rupture  or  to  the  development  of  an  aneurysm. 
When  infection  involves  the  artery  by  extension  from  a contiguous  tissue 
the  resulting  lesion  is  called  secondary  arteritis , and  partakes  of  the  es- 
sential features  of  the  inflammatory  process  which  caused  it.  In  some 
cases  the  lesion  in  the  vessel  wall  is  essentially  an  abscess,  which  later, 
rupturing  into  the  lumen,  leaves  an  ulcer.  In  the  case  reported  by  Witte 
the  aorta  was  perforated  by  a bacterial  aortitis  accompanying  pyemia;  in 
Baginsky’s  patient  septic  arteritis  and  aneurysms  of  the  abdominal 
aorta  were  present.  The  formation  of  septic  thrombi  and  the  consequent 

1 Jour,  of  Path,  and  Bact.,  May,  1898,  p.  195. 

2 Coplin,  Proceed,  of  Path.  Soc.  of  Phila.,  May,  1904,  p.  133;  Guyot,  L’Arthritis, 
Maladie  generale,  Microbienne  et  Transmissible,  2 ed.,  Paris,  1905;  Allbutt,  Lancet, 
July  18,  1903,  p.  139;  Thayer,  Bull,  of  Johns  Hopkins  Hospital,  Oct.,  1904;  Witte, 
Zieg.  Beitr.,  Bd.  xxxvii,  H.  x,  1904;  p.  151;  Barie,  Presse  Med.,  March  25,  1905; 
Baginsky,  Arch.  f.  Kinderh.,  Bd.  xlviii,  H.  1 and  2. 

3 See  pp.  263  and  271;  also  examine  Fig.  12 1,  p.  267. 
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embolism  usually  result  in  metastatic  abscesses,  the  distribution  of  which 
is,  in  part  at  least,  determined  by  the  location  of  the  septic  process. 

IV.  Endarteritis  verrucosa,  or  Warty  Endarteritis,  is  a rare  condition, 
and  probably  results  from  the  organization  of  thrombi  on  the  wall  of  the 
vessel;  it  usually  affects  the  larger  vessels — the  aorta  or  the  iliac  or  femoral 
arteries. 

Morbid  Anatomy.-— -Smooth  warty  growth  on  the  interior  of  the  vessel, 
the  same  color  as  the  intima,  and  projecting  into  the  lumen.  The  mass 
is  at  first  composed  of  young  cell  elements,  and  later,  for  the  most  part, 
of  fibrous  tissue  covered  by  endothelium. 

V.  Periarteritis  simplex  was  described  by  Charcot  as  a characteristic 
lesion  of  the  small  arteries  of  the  brain  leading  to  hemorrhage.  The 
recent  studies  of  Ellis1  show  that  the  changes  are  not  distinguishable 
from  those  observed  in  arteriosclerosis,  and  that  the  disease  is  not,  there- 
fore, a morbid  entity.  The  miliary  dilatations  formed  are  all  false  aneu- 
rysms, in  which  appropriate  sections  disclose  rupture  of  the  intima  and 
blood  dissecting  between  the  coats  of  the  vessel. 

VI.  Arteritis  Nodosa.2 — This  condition  has  been  described  as  occurring 
in  the  vessels  of  the  heart  (coronary  artery),  stomach,  kidney,  spleen,  and 
muscles.  The  exact  cause  is  not  known,  but  an  infective  origin  is  prob- 
able. As  a rule,  the  smaller  vessels  alone  are  involved.  Macroscojrically, 
the  irregular  nodular  enlargements  vary  in  size  from  i or  2 mm.  in  the 
smaller  vessels  to  0.5  cm.  in  the  larger.  It  has  been  thought  that  the 
affection  did  not  involve  the  blood-vessels  of  the  brain,  but  studies  by 
Schrotter3  indicate  that  the  cerebral  arteries  may  be  affected.  The 
vessels  are  dilated  in  some  areas,  and  at  other  points  contracted.  An 
abundant  cellular  infiltration  occurs  in  the  outer  coat  of  the  vessel;  the 
media  degenerates;  the  intima  may  manifest  proliferative  changes.  The 
small  sac-like  dilatations  not  uncommonly  contain  clots.  The  studies  of 
Dickson  establish  the  occurrence  of  two  forms  of  the  affection;  one — 
periarteritis  nodosa — involves  chiefly  the  outer  coat  although  the  media 
and  intima  may  also  be  affected.  In  the  second  form — polyarteritis 
acuta  nodosa — the  lesion  is  more  widespread,  inflammatory,  affecting  all 
coats,  especially  the  muscular,  and  attended  by  weakening  of  the  vessel 
wall,  aneurysmal  dilatation,  and  thrombosis. 

VII.  An  endarteritis  cartilaginosa4  has  been  described.  The  lesion 
is  obliterative  in  character  and  affects  particularly  the  intracranial  ar- 
teries. The  intima  and  media  may  be  slightly  infiltrated  by  mono- 
nuclear cells;  the  conspicuous  change,  however,  is  the  encroachment 
upon  the  lumen  by  tissue  consisting  of  a hyaline  matrix  in  which  are  cells 
indistinguishable  from  those  of  cartilage — some  resembling  chondro- 
blasts — and  associated  with  the  presence  of  more  or  less  fibrous  tissue. 

Arteriosclerosis.5 — Under  the  name  arteriosclerosis  have  been  con- 

1 Ellis,  Proc.  Path.  Soc.  of  Phila.,  1909. 

2 Dickson,  Jour.  Path,  and  Bact.,  Oct.,  1907,  p.  31;  Longcope,  Bull.  Ayer  Clin. 
Lab.  of  Penna.  Hosp.,  Dec.,  iqo8,  No.  5;  Benedict,  Zeitschr.  f.  klin.  Med.,  lxiv, 
1908;  Beitzke,  Virch.  Arch.,  Bd.  cxcix,  H.  2,  Feb.,  1910,  p.  213.  Lubarsch  u. 
Ostertag,  Ergeb.  d.  Allg.  Path.,  14  Jahr,,  II.  Abt.,  1910,  p.  528. 

3 Wiener  klin.  Wochen.,  April  15,  1899. 

4 Marburg,  Centralbl.  f.  allgem.  Path.  u.  path.  Anat.,  1902,  Bd.  xiii. 

5 Coplin,  Proc.  Path.  Soc.  of  Phila.,  May,  1904,  n.  s.,  vol.  vii,  p.  133;  Pick  and 
Bonnamour,  Jour,  de  Physiol,  et  de  Path,  gen.,  1906;  Adler  and  Hensel,  Jour.  Med. 
Research,  Sept.,  1906;  Rickett,  Jour.  Path,  and  Bact.,  Oct.,  1907,  p.  15;  Thayer 
and  Fabyan,  Amer.  Jour.  Med.  Sci.,  Dec.,  1907  ; Klotz,  Centralbl.  f.  allg.  Path.  u.  path. 
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sidered  a number  of  conditions,  either  associated  or  occurring  independ- 
ently. Many  writers  on  the  subject  have  grouped  the  lesions  already 
described,  and,  by  reason  of  the  fact  that  they  are  occasionally  associated, 
assumed  that  they  were  but  different  expressions  of  a general  process. 
Gull  and  Sutton  apparently  intended  to  restrict  the  process  to  changes 
in  the  capillary  and  arteriole  walls  associated  with  an  increase  in  fibrous 
tissue;  to  this  condition  they  gave  the  name  of  arteriocapillary  fibrosis. 
As  the  clinical  studies  of  the  affection  were  extended,  it  was  observed 
that  atheroma,  periarteritis  simplex,  etc.,  were  not  infrequently  asso- 


Fig.  245. — Coronary  Artery,  Showing  Arterial  Sclerosis. 

A.  Adventitia.  B.  Media.  C.  Intima.  D.  Degenerating  newly  formed  tissue  which  at  E shows  ad- 
vanced softening. 


ciated  with  changes  in  the  arterioles  and  capillaries  This  led  to  group- 
ing all  these  conditions  under  the  one  term — arteriosclerosis.  The  unicists 
believe  that  atheroma  is  a manifestation  of  arterial  sclerosis  and  that  both 
are  results  of  hypertension.  The  term  atherosclerosis  (Marchand)  is  from 
this  point  of  view  acceptable,  but,  as  Adami  observes,  sclerosis  without 
atheroma  is  not  infrequent  Thoma  concluded  from  his  studies  of  the 
process  that  it  was  not  to  be  restricted  to  the  arteries,  but  that  it  involved 
the  whole  circulatory  apparatus,  and  hence  he  termed  the  condition 
angiosclerosis.  Having  considered  the  changes  observed  in  atheroma, 

Anat.,  Bd.  xix,  1908,  p.  535;  Aschoff,  Beihefte  zurmed.  Klinik,”  Vienna,  1908,  4,  Hft. 
1 ; Pearce,  Jour.  Exper.  Med.,  vol.  x,  No.  6,  1908;  Josue,  Traite  de  l’Artcrioscl^rose, 
Paris,  1909;  Biedl  and  Braun,  Wien.  klin.  Woch.,  No.  20,  1909,  p.  709;  Weisel, 
Wien.  klin.  Woch.,  Nos.  12  and  13,  1909;  Sumikawa,  Virch.  Arch.,  Bd.cxcvi,,H.  2, 
1909,  p.  232;  Harvey,  Virch.  Arch.,  Bd.  cxcvi,  H.  2,  1909,  p.  303;  Adami,  Amer. 
Jour.  Med.  Sci.,  October,  1909;  Oguro,  Virch.  Arch.,  Bd.  cxcviii,  H.  3,  1909,  p.  554; 
Hill,  Arch.  Intern.  Med.,  Jan.  15,  1910,  p.  21;  Klotz,  Jour.  Exper.  Med.,  vol.  xii, 
No.  6,  1910;  Lubarsch  u.  Ostertag,  Ergcb.  d.  Allg.  Path.,  14  Jahr.,  II.  Abt.,  1910, 
P-  554- 
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arteritis  obliterans,  and  the  forms  of  periarteritis,  an  idea  may  be  formed 
as  to  what  is  meant  by  arteriosclerosis.  In  the  clinical  sense,  it  is  assumed 
that  all  of  the  foregoing  are  but  different  manifestations  of  the  same 
process. 

Old  age  is  said  to  be  one  of  the  causes;  the  presence  in  the  blood  of 
the  poisons  of  gout  and  rheumatism,  and  of  the  irritant  bodies,  whatever 


B 


Fig.  246/ — Artery,  Early  Stage  of  Arteriosclerosis. 

Stained  especially  for  the  demonstration  of  the  elastica;  Weigert’s  method,  followed  by  Mayer’s  carmalum 
and  picroindulin.  A.  Broken  and  curled  elastica  which  at  places  shows  fragmentation.  B.  Fibro- 
hyaline  thickening  of  the  intima;  within  this  stratum  can  be  seen  short  crinkled  fragments  of  elastica 
that  have  been  regarded  by  some  authors  as  efforts  at  regeneration.  Fragmentation  of  the  elastic 
lamina  is  particularly  marked  just  above  the  leader  from  letter  B.  The  media  in  this  vessel  appears 
much  broader  than  normal,  but  it  is  most  difficult,  if  not  impossible,  to  say  that  it  is  hypertrophied. 


Fig.  247. — Artery,  Arteriosclerosis. 

Stained  especially  for  the  demonstration  of  the  elas- 
tica; Weigert’s  method,  followed  by  carmalum 
and  picroindulin.  A.  Fragmented  and  seoa- 
rated  elastica.  B.  Fragmented  and  curled 
elastica;  note  the  swelling  of  the  isolated  frag- 
ment and  the  curled  end  at  B.  C.  Unusually 
crinkled  elastica  resulting  from  yielding  and 
recoil  due  to  solution  in  continuity  at  A and  B. 
D.  From  just  below  the  leader  from  D to  upper 
part  of  drawing  there  is  no  break  in  the  elastica. 
It  will  be  observed  that  in  that  part  of  the  ves- 
sel still  possessing  a practically  normal  elastica 
there  is  no  thickening  of  the  intima  and  subin- 
timal  stratum,  while  the  area  of  altered  elastica 
is  overlaid  by  a fibrohyaline  newly  formed  tis- 
sue containing  bits  of  elastic  tissue.  There  is 
some  fragmentation  of  the  external  elastic 
lamina  which  is  present  in  this  soecimen  but 
absent  from  the  arteries  from  which  Figs.  246 
and  248  were  made. 


Fig.  248. — Artery,  Advanced  Arteriosclero- 
sis. 

Stained  especially  for  the  demonstration  of  the  elas- 
tica; Weigert’s  method,  followed  by  carmal- 
um and  picroindulin.  In  this  specimen  little 
more  than  irregular  fragments  of  the  elastic 
lamina  are  present.  The  endothelium  no 
longer  forms  a separate  layer,  but,  as  the  re- 
sult of  proliferative  changes,  the  inner  stra- 
tum is  composed  of  young  connective-tissue 
cells.  There  may  be  some  doubt  as  to  whether 
this  vessel,  during  life,  transmitted  blood. 


they  may  be,  which  induce,  or  at  least  accompany,  chronic  interstitial 
inflammation  of  the  kidney  are  important  factors.  The  excessive  use  of 
nitrogenous  food,  the  abuse  of  alcohol,  poisoning  by  lead  (chronic  form), 
and  the  poison  of  syphilis  are  active  causes. 


VASCULAR  SYSTEM. 


531 


That  atheroma,  obliterative  changes,  and  arterial  degenerations  are 
induced  by  an  increase  in  blood-pressure  is  indicated  by  the  fact  that 
under  normal  conditions  the  pulmonary  artery  is  rarely  involved,  but 
in  mitral  stenosis,  with  increased  intravascular  tension  in  the  lung  and 
marked  rise  in  the  blood-pressure  of  the  pulmonary  artery,  the  vessel 
not  infrequently  shows  atheroma;  furthermore,  in  cases  in  which  the  right 
ventricle  hypertrophies,  and  thereby  further  raises  the  pressure,  atheroma 
may  be  widely  distributed  in  the  pulmonary  artery  and  its  branches. 
Exactly  what  raises  the  blood-pressure  of  the  left  side  is  not  always 
easily  determined.  The  method  by  which  it  is  raised  is,  of  course,  more 
readily  comprehended.  Thus,  if  it  be  assumed  that  the  heart  increases 
its  output  of  blood  into  the  aorta,  and  at  the  same  time  there  is  no  yielding 
in  the  arterioles  throughout  the  body,  the  arterial  tension  must  rise. 
On  the  other  hand,  if  the  heart  continue  its  normal  output,  and  there 
be  contraction  of  the  arterioles,  a similar  rise  in  pressure  must  be  brought 
about.  That  heightened  tension  has  something  to  do  with  the  evolution 
of  arteriosclerosis  is  indicated  by  possible  experimental  production  in 
animals  of  lesions  resembling  those  observed  in  this  form  of  arterial  disease 
in  man.  (See  Fig.  242,  p.  523.)  Klotz  produced  sclerosis  by  suspending 
rabbits,  head  downward,  for  three  minutes  daily,  during  a long  period; 
Harvey,  also  Biedl  and  Braun,  have,  after  repeated  brief  compressions  of 
the  abdominal  aorta,  observed  similar  lesions.  It  is  evident  that  many 
intoxications  induce  hypertension — hyperpiesis — and  many  influences 
may  act  similarly.  It  is  also  clear  that  even  brief  elevations  of  blood- 
pressure  fulfill  all  requirements;  a steady  or  persisting  hypertension  is  not 
necessary.  Dunin  has  found  that  in  fully  developed  clinical  arterio- 
sclerosis the  blood-pressure  may  be  below  normal;  prior  to  the  occurrence 
of  degenerative  changes  in  the  myocardium  the  tension  is  usually  above 
the  normal,  and  when  interstitial  nephritis  is  present  the  arterial  pressure 
is  frequently  extremely  high,  sometimes  reaching  250  mm.  of  mercury. 

Morbid  Anatomy. — In  describing  arteriosclerosis  it  may  be  assumed 
that  if  atheroma  be  properly  a part  of  the  affection  it  is  a late  manifesta- 
tion. My  own  observations,  and  they  are  supported  by  the  studies  of 
Jores,  have  led  to  the  conviction  that  the  initial  change  is  in  the  elastica, 
particularly  of  the  smaller  arterioles.  In  the  earliest  stage  the  internal 
elastic  lamina  is,  at  points,  broken,  and  often  distinct  intervals  can  be 
observed  between  the  ends  of  severed  fibers.  In  such  areas  edema  and 
mononuclear  infiltration  quickly  appear,  followed  by  the  formation  of  new 
connective  tissue  intercalated  between  the  elastic  lamina  and  the  endothe- 
lium of  the  vessel.  Later  the  fragmentation  of  the  elastica  becomes 
still  more  marked  and  the  encroachment  upon  the  vessel  lumen  by  the 
newly  formed  tissue  progressively  advances.  In  the  young  proliferate 
and  in  the  area  occupied  by  the  normal  elastic  lamina  there  appear 
innumerable  fine  fibrils  which  take  elastica  stains;  these  are  evidently  of 
recent  production,  and,  while  others  speak  with  confidence  of  their  origin, 
I cannot  say  with  certainty  whether  they  are  formed  from  the  new  cells 
or  from  the  pre-existing  elastica.  Analogy  would  justify  the  assumption 
that  the  latter  explanation  is  the  correct  one.  The  different  changes  in 
the  elastica  are  represented  in  figures  246,  247  and  248.  This  somewhat 
immature  fibrous  tissue  matrix,  containing  the  irregularly  distributed 
elastica,  evidently  constitutes  the  hyalofibrous  tissue  recognized  by 
Gull  and  Sutton  as  present  in  the  walls  of  the  arterioles.  The  encroach- 
ment on  the  lumen  of  the  vessel  lessens  the  sectional  area  and  diminishes 
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the  amount  of  blood  which  it  is  able  to  transmit;  this  results  in  starva- 
tion of  the  tissue  beyond.  Savill  has  strongly  urged  that  there  is  a dem- 
onstrable increase  in  the  muscle  of  the  affected  vessel,  and  clinical  phe- 
nomena (angina  pectoris,  arteriosclerotic  colic,  intermittent  claudica- 
tion) indicate  that  sclerotic  arterioles  may  be  spasmodically  contracted. 
I believe  it  was  first  suggested  by  Hippolyte  Martin  that  atheroma  might 
depend  upon  sclerotic  changes  in  the  vasa  vasorum,  and  possibly  this  is 
the  case. 

The  Influence  of  Arteriosclerosis  on  the  Nutrition  of  Organs.1— The 

weight  of  the  brain  is  diminished,  the  nerve  cells  degenerated,  the  vessels 
tortuous,  and  in  some  cases  miliary  aneurysms  are  present;  degenerative 
changes  have  been  described  in  the  ganglion  cells  of  the  cortex.  In  the 
spinal  cord,  perivascular  sclerosis,  which  is  usually  slight,  and  degenerative 
changes  in  the  motor  cells  occur.  Interstitial  fibroid  change  in  the  pe- 
ripheral nerves,  associated  with  sclerosis  of  the  nutrient  vessels,  has  been 
described.  I have  already  referred  to  myocardial  changes  produced  by 
sclerosis  of  the  coronary  arteries.2  An  arteriosclerotic  cirrhosis  of  the 
liver  has  been  described,  but  it  is  probable  that  the  fibroid  liver  and 
vascular  changes  are  coincident  and  due  to  the  same  cause,  and  that  the 
hepatic  induration  is  not  the  result  of  the  vascular  lesion.  Opie’s  studies 
indicate  that  there  may  be  some  connection  between  arteriosclerosis  and 
chronic  changes  in  the  pancreas,  and  the  frequent  association  of  diabetes, 
pancreatic  disease,  and  sclerotic  vessels  supports  this  view.  It  has  been 
suggested  that  some  gastric  ulcers  may  be  of  arteriosclerotic  origin.  A 
form  of  intestinal  colic  has  been  attributed  to  sclerosis  of  the  mesenteric 
vessels.  The  most  important  visceral  lesion  accompanying  arteriosclero- 
sis occurs  in  the  kidney.  This  condition  will  be  considered  later.3 

Tuberculosis4  of  the  arteries  is  rarely,  probably  never,  a primary 
affection.  It  usually  results  from  extension  of  a tuberculous  process  from 
some  contiguous  tissue,  commonly  a caseous  lymph-node,  in  which  case 
the  arterial  wall  is  gradually  infiltrated  from  without,  eventually  giving 
rise  to  a cellular  accumulation  on  the  intima  in  which  the  histologic  structure 
of  tuberculosis  can  readily  be  recognized.  By  infection  from  the  blood- 
stream multiple  nodules  of  endarteritis  tuberculosa  may  be  produced. 
These  may  consist  of  minute  granulations  or  even  warty  growths  of  some 
size,  and  are  usually  accompanied  by  miliary  tuberculosis,  of  which  they 
are  not  necessarily  the  cause.  The  endarterial  caseous  nodules  produced 
by  the  infiltrating  tuberculosis  are  almost  invariably  followed  by  the 
eruption  of  acute  miliary  tubercles  in  the  organs. 

Syphilis5  of  the  vascular  system  has  been  made  to  include  practically 

1 Barrett,  Amer.  Jour.  Insanity,  lii,  1905,  1;  Buchholz,  Arch.  f.  Psychiat.,  Bd. 
xxxix,  1905,  H.  [2;  Brooks,  Amer.  Jour.  Med.  Sci.,  May,  1906;  Raymond,  Jour,  des 
Prat.,  Dec.,  22,  1906;  Perutz,  Munch,  med.  Woch.,  liv,  1907,  No.  22;  Slocum, 
Surg.  Gynec.  and  Obstet.,  April,  1908,  p.  352;  Fremont-Smith,  Jour.  Amer.  Med. 
Assoc.,  March  7,  1908,  p.  761. 

2 See  Fibroid  Myocarditis,  p.  495. 

3 See  Chronic  Interstitial  Nephritis. 

4 See  foot-note,  p.  129.  Also  consult  Thorel,  Lubarsch  and  Ostertag’s  Ergebnisse 
d.  allg.  Path.  u.  path.  Anat.,  Neunter  Jahrg.  I.  Abt.,  1903,  p.  1039;  Vanzetti,  Royal 
Accad.  di  medicina  di  Torino,  July  7,  1909. 

5 Thorel,  Lubarsch  and  Ostertag’s  Ergebnisse  d.  allg.  Path.  u.  path.  Anat., 
Neunter  Jahrg.  I.  Abt.,  1903,  p.  1042;  Rach  and  Wiesner,  Wien.  klin.  Woch.,  1907, 
xx,  p.  521;  Klotz,  Jour.  Path  and  Bact.,  Oct.,  1907,  p.  11;  Ehrmann,  Wien.  med. 
Woch.,  April  13,  1907;  Longcope,  Sect.  Prac.  of  Med.,  Amer.  Med.  Assoc.,  1909, 
p.  61;  Wright  and  Richardson,  Pub.  of  Mass.  Gen.  Hosp.,  Oct.,  1909. 


VASCULAR  SYSTEM. 


533 


Iall  forms  of  arterial  disease.  The  poison  of  lues  is  generally  accredited 
with  ability  to  produce  almost  any  of  the  chronic  arterial  inflamma- 
tions and  degenerations.  Atheroma  and  arteriosclerosis  are  common 
manifestations  of  tertiary  syphilis.  Hiibner  described  an  endarteritis 
luetica  characterized  by  the  formation  of  fibrous  tissue  in  the  intimal 
and  subintimal  layer,  which,  by  progressive  narrowing,  might  occlude 
the  affected  vessel.  In  the  nodular  form  of  this  affection  the  resem- 
blance of  the  endarterial  proliferate  to  gumma  may  be  striking.  Baum- 
garten  studied  a similar  process  affecting  the  adventitia,  involving  the 
vasa  vasorum,  and  thereby  infiltrating  the  media;  the  new  tissue  par- 
took of  the  characters  usually  observed  in  gummata.  In  the  cerebral 
arteries,  less  frequently  elsewhere,  a distinct  gummatous  arteritis  some- 
times occurs.  Clinically  the  influence  of  syphilis  in  the  production  of 
aneurysm  is  commonly  recognized.  The  poison  of  syphilis  induces 
structural  changes  in  the  elastica,  lessens  the  resilience  of  the  vessels,  and 
predisposes  to  dilatation  and  rupture.  To  such  forms  of  syphilitic  dis- 
ease of  the  blood-vessels  Mott  would  apply  the  term  ectasial  arteritis. 
In  syphilitic  mesaortitis,  gray  or  grayish-yellow  elevated  nodules  often 
with  corrugated  or  crinkled  margins  are  found  in  the  aorta.  In  older 
areas  pitting  or  even  minute  aneurysms  are  present.  Histologically  the 
intima  is  thickened,  the  vasa  vasorum  surrounded  by  mononuclear  cells 
and  occasionally  giant  cells;  in  these  areas  and  sometimes  elsewhere 
necrosis  is  also  present.  At  the  points  of  cellular  infiltration  and  necrosis 
the  elastica  is  destroyed.  Aneurysmal  formations  are  of  frequent  occurrence. 

Calcification1  of  blood-vessels  occurs  (i)  as  a result  of  atheromatous 
endarteritis  or  other  inflammation  of  the  vessel;  (2)  when  lime  salts  are 
deposited  in  the  vascular  wall,  without  any  discernible  antecedent 
disease,  the  condition  is  called  cryptogenic  calcification. 

Ossification,2  or  true  bone  formation,  is  said  by  Orth  to  be  a possibility; 
exactly  what  induces  it,  or  how  it  may  be  brought  about,  is  not  known. 

Hyaline,  vitreous,  or  diaphanous  degeneration,  allied  to  that  form  of 
degeneration  described  by  Zenker  as  occurring  in  the  muscles,  has  been 
found  in  the  vessel-walls,  usually  in  the  arterioles.  (See  p.  237.) 

Amyloid  infiltration  has  been  considered  when  dealing  with  lardaceous 
disease.  (See  p.  219.) 

Fatty  degeneration  of  the  blood-vessels  is  a disease  of  the  capillaries, 
the  small  arteries,  and,  rarely,  the  veins.  It  occurs  most  commonly  in 
the  capillaries  of  the  brain.  As  to  cause,  it  is  observed  in  connection 
with  old  age,  pernicious  anemia,  phosphorus-poisoning,  and  general 
debilitating  conditions.  The  change  in  the  intima  resembles  the  degen- 
erative lesion  of  atheroma,  but  is  not  accompanied  by  any  fibrous  tissue 
formation  or  other  phenomena  so  constantly  associated  with  atheroma. 
The  vessel-walls  are  converted  into  a fatty  cellular  debris  without  any 
preceding  inflammatory  process  like  that  of  atheroma. 

An  aneurysm3  is  a tumor-like  saf,  containing  blood  and  communi- 
cating with  an  artery.  (See  Fig.  213,  p.  463.) 

1  Monckeberg,  Virch.  Arch.,  1903,  Bd.  clxxi;  Vanzetti,  Giornale  della  R.  Accad. 
di  Med.  di  Torino,  July  and  Aug.,  1903;  Carrel,  Jour.  Exper.  Med.,  March,  1908, 
vol.  x,  No.  2. 

2  Buerger  and  Oppenheimer,  Jour.  Exp.  Med.,  May  1,  1908. 

3  Camac,  Amer.  Jour.  Med.  Sci.,  May,  1905;  Hamilton,  Amer.  Jour.  Med.  Sci., 
June,  1906;  McGraw,  Annals  of  Surgery,  July,  1909,  p.  59;  Lewis  and  Schrager, 
Jour.  Amer.  Med.  Assoc.,  Nov.  27,  1909,  p.  1808;  Osier,  Brit.  Med.  Jour.,  Nov.  27, 
1909,  p.  1509;  McCrae,  Amer.  Jour.  Med.  Sci.,  Oct.,  1910;  Amenomiya,  Virch. 
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The  sac  may  be  composed  of  one  or  more  coats  of  the  blood-vessel, 
when  it  is  known  as  a true  aneurysm  or  arterial  ectasia;  when  the  limiting 
membrane  of  the  cavity  is  formed  by  the  condensed  tissues  around  the 
vessel,  the  wall  of  which  has  entirely  given  way,  the  condition  is  spoken 
of  as  a false  aneurysm. 


Fig.  249. — Thoracic  Aneurysm. 

1,  2,3,  Points  at  which  an  inserted  trocar  failed  to  reveal  the  presence  of  fluid  blood.  At  4 fluid  blood  was 
found.  At  the  autopsy  a globular  aneurysm  17.5  cm.  in  diameter  was  found.  The  sac  bulged  be- 
tween the  first  and  fifth  ribs,  the  second,  third,  and  fourth  ribs  having  been  absorbed  in  front  of  it. 
The  sac  was  lined  by  a laminated  clot,  5 cm.  thick,  internal  to  which  was  a coagulum,  7 cm.  in  thick- 
ness. The  aneurysm  communicated  with  the  arch  of  the  aorta,  and  had  been  treated  by  wiring. 
( For  the  use  of  this  illustration  I am  indebted  to  Dr.  W.  W.  Johnston , Washington , D.  C.,  who  reported 
the  case  in  “ American  Medicine,"  May  n,  1901,  vol.  i.) 


Causes  of  Aneurysm. — Aneurysms  are  said  to  be  traumatic  or  idio- 
pathic. As  nothing  occurs  without  a cause,  it  would  be  better  to  call  the 
latter  cryptogenic.  Further,  the  causes  of  aneurysm  are  said  to  be  pre- 
disposing and  exciting.  Of  the  former,  many  of  the  degenerations  of  the 
vessel-walls  that  have  been  studied,  and  that  weaken  the  artery,  are 
eminently  predisposing;  atheroma  is  doubly  dangerous  in  that  it  renders 

Arch.,  Sept.  1,  1910,  p.  r39o;  Moriani,  Virch.  Arch.,  Bd.  ccii,  H.  2,  1910,  p.  283; 
Lubarsch  u.  Ostertag,  Ergeb.  d.  Allg.  Path.,  14  Jahr.,  II,  Abt.,  1910,  p.  610. 
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the  vessel  rigid  and  at  the  same  time  weakens  the  wall.  The  fact  that 
syphilis  favors  or  often  brings  about  arterial  disease  or  degeneration 
makes  it  a predisposing,  if  not  truly  an  exciting,  cause  of  aneurysm. 
Between  the  thirtieth  and  fortieth  years  of  life  the  degenerative  arterial 
changes  described  in  the  preceding  pages  are  likely  first  to  evince  them- 
selves; the  heart  is  yet  in  full  power  in  most  individuals,  and,  with  the 
maintained  cardiac  force  and  diminished  strength  of  the  diseased  arterial 
wall,  rupture  or  dilatation  of  the  blood-vessel  is  likely  to  ensue.  Suddenly 
developed,  powerful  cardiac  force — such  as  may  occur  from  a hard  lift, 
sudden  spring,  or  vault — doubles  the  demand  on  the  semi-rigid  and  weak- 
ened vessel-walls,  and  may  induce  rupture  of  one  or  more  of  the  arterial 


Fig.  250. — Superior  Mesenteric  Artery,  Fig.  251. — Arch  of  Aorta,  Aneurysm. 

Aneurysm.  Soldier,  age  51;  pain  in  chest  and  pulsation: 

Soldier,  age  25;  pulsating  tumor  in  umbilical  region,  died  of  pneumonia.  ( Contributor , Dr.  D. 

midline;  died  of  intestinal  ulceration.  ( Contributor , L.  Huntington,  Surgeon,  U . S.  Army. 

Dr.  M.  Goldsmith,  Surgeon,  U.  S.  Volunteers.  Courtesy  of  Dr.  D.  S.  Lamb.) 

Courtesy  of  Dr.  D.  S.  Lamb.) 

coats.  The  male  is  more  liable  to  sudden  vascular  stress,  and  hence 
aneurysm  is  much  more  prevalent  in  that  sex.  Injury  to  a blood-vessel 
may  be  an  exciting  cause  or  a predisposing  element;  if  the  injury  be  a 
puncture,  it  may  be  followed  immediately  by  a false  aneurysm ; a contusion 
may  give  rise  to  arterial  changes  that  weaken  the  wall  and  cause  it  to 
yield  when  subjected  to  a strain  that  would  not  influence  the  normal 
vessel.  Stretching  and  twisting  of  vessels,  as  in  dislocations  and  fractures, 
or  in  their  reduction,  have  been  followed  immediately  by  aneurysmal  dilata- 
tion. Histologic  studies  of  aneurysmal  vessels  in  man,  and  examination  of 
arteries  in  which  experimental  aneurysms  have  been  produced,  constantly 
disclose  alterations  in  the  elastica.  The  changes  may  be  structural  and 
manifested  by  fragmentation  or  larger  breaks  in  the  elastic  strata;  it  is 
possible  that  breaks  in  the  elastica  are  preceded  by  chemic  alteration, 
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and.  that  the  latter  may,  without  structural  change,  permit  dilatation. 
Schwyzer  affirms  that  alterations  in  the  collagenous  tissues  of  the  arterial 
wall  are  important  factors  in  the  production  of  aneurysm.  It  is  prob- 
able that  in  the  aneurysms  due  to  acute  infective  lesions  of  the  vessels 
both  elastic  and  fibrous  tissues  are  involved. 

Forms  of  Aneurysm. — Classified  by  the  shape:  Cylindric,  uniform 

distention  of  the  vessel.  Fusiform,  or  spindle-shaped.  A cirsoid  aneurysm 


D 


A p 


Fig.  252. — Symmetric  Aneurysm  of  the  Abdominal  Aorta.  ( Specimen  in  the  museum  of  the  Jefferson 

Medical  College.) 

fl..  Sacrum.  B.  Fourth  lumbar  vertebra;  the  anterior  part  of  the  body  has  been  eroded  by  the  aneurysm. 
At  the  inferior  margin  calcareous  material  has  been  thrown  out  anteriorly;  this  covers  the  cartilage. 
C.  Body  of  third  lumbar  vertebra.  At  D the  aneurysmal  sac  has  been  cut  away  to  show  the  absorp- 
tion of  the  body  of  the  vertebra.  E.  Cavity  of  the  aneurysm.  At  the  lower  part  of  the  cavity,  be- 
tween the  points  of  exit  of  the  two  iliac  arteries,  a sharp  spicule  of  a calcareous  plaque  will  be  seen 
projecting  upward.  F.  Left  iliac  artery;  the  right  iliac  artery  will  be  seen  as  a short  stump  at  the 
lower  part  of  the  aneurysmal  wall. 


consists  of  a number  of  arteries  irregularly  dilated  and  lengthened  through- 
out a considerable  part  of  their  courses.  When  a single  artery  is  involved, 
the  term  aneurysmal  varix  has  been  applied;  the  same  name  is  also  used 
for  arteriovenous  aneurysm  and  should  be  suppressed.  Arterial  varix 
is  better.  Saccular,  in  which  a distinct  pouch  is  formed.  If  on  one  side 
of  the  vessel  and  communicating  by  a small  opening,  it  is  spoken  of  as 
asymmetric;  if  the  sac  be  uniformly  distributed  around  the  vessel,  as  in  the 
miliary  aneurysm  of  the  brain,  it  is  symmetric.  Arteriovenous  aneurysm 
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results  from  any  injury  which  establishes  a communication  between  an 
artery  and  a vein.  When  the  wall  sharply  defines  the  aneurysm,  it  is 
spoken  of  as  circumscribed ; when  the  blood  cavity  terminates  in  infiltrated 
tissue,  the  term  diffuse  is  applied;  the  latter  is  necessarily  a false  aneurysm. 
When  small  and  multiple,  particularly  in  the  brain,  they  are  called 

miliary  aneurysms.  . . 

Classified  by  the  cause;  Traumatic  aneurysm.  An  aneurysm  arising 
suddenly,  as  from  an  ulcerative  endarteritis  or  trauma,  is  sometimes 
spoken  of  as  an  acute  aneurysm;  idiopathic  or  cryptogenic ; embolic , due  to 
proximal  distention  in  occluded  vessels,  usually  terminal,  dissecting 


Fig.  253. — Superficial  Femoral  Artery; 
Aneurysm,  Clot. 

Soldier;  pressure  applied  and  pulsation  ceased; 
died  from  hemorrhage  after  rupture  of 
thoracic  aorta.  (Contributed  by  Dr.  W.  H. 
Forwood,  Surgeon,  U.  S.  Army.  Courtesy 
of  Dr.  D.  S.  Lamb.) 


Fig.  254. — Aneurysms  of  Transverse  Arch 
and  Abdominal  Aorta;  Rupture  and 
Fatal  Hemorrhage  into  Abdomen. 
Soldier,  age  32;  said  to  have  had  rheumatism; 
pulsating  tumor;  pain  in  epigastrium  and 
back.  Erosion  of  lumbar  vertebras;  pul- 
monary tuberculosis.  ( Contributed  by  Dr. 
A.  T.  Watson,  Surgeon,  U.  S.  Volunteers. 
Courtesy  of  Dr.  D.  S.  Lamb.) 


aneurysm  due  to  blood  dissecting  between  the  layers  or  coats  of  a vessel 
wall;  verminous  aneurysm,  one  containing  a parasite  such  as  is  found  in  the 
mesentery  of  the  horse. 

Classification  based  on  duration  and  changes  in  the  wall:  An  acute 

aneurysm  or  recent  aneurysm  is  one  quickly  developed,  and  is  usually 
traumatic;  chronic  or  old  aneurysm,  an  aneurysm  that  has  persisted  longer, 
as  shown  by  the  changes  that  its  walls  have  undergone. 

Residts  of  Aneurysm. — Disturbance  of  blood  distribution;  pressure 
on  surrounding  tissues  and  organs;  rupture;  cure  and  arrest  of  further 
circulation  through  the  altered  vessel. 

Cure  of  Aneurysm. — The  first  step  in  the  spontaneous  obliteration  of  an 
aneurysm  is  the  formation  of  a clot  or  fibrinous  deposit  in  the  cavity ; this 
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may  be  in  layers  (laminated)  (see  Fig.  213,  p.  463),  or  it  may  be  a central 
clot  apparently  formed  as  one  mass.  By  occluding  the  point  of  exit  the 
circulation  is  arrested.  The  coagulum  may  remain  practically  unaltered 
for  years.  The  writer  saw  a case  in  which  all  symptoms  except  the  pres- 
ence of  the  tumor  had  been  absent  for  eight  years,  the  proximal  and  distal 
ends  of  the  vessel  having  undergone  obliterative  arteritis.  In  time,  blood- 
vessels may  permeate  the  clot  and  organization  of  the  mass  ensue. 
Occasionally  some  of  the  young  blood-vessels  dilate  and  are  converted  into 
channels  transmitting  blood  from  the  proximal  to  the  distal  parts  of  the 
vessel,  and  thereby  re-establishing  the  circulation.  (See  Canalization  of  a 
Thrombus,  Fig.  123,  p.  269.)  Organization  of  a clot  formed  within  an 
aneurysm  terminates  in  the  production  of  a mass  of  fibrous  tissue,  which 
contracts,  and  often  perpetuates  the  contour  of  the  cured  aneurysm. 
Above  and  below  the  healed  sac,  the  artery  involved  is  occluded  by 
obliterative  changes  extending  to  the  first  branch  through  which  the  blood 
continues  to  flow. 

Hypertrophy  of  Arteries. — When  a large  arterial  trunk  is  obstructed, 
the  blood-supply  to  the  part  beyond  may  be  maintained  by  enlargement 
of  branches,  rising  above  the  point  of  obstruction,  and  anastomosing  with 
branches  from  below;  the  latter  may  also  increase  in  size.  The  condition 
is  one  apparently  of  true  hypertrophy.  The  anastomotic  circulation 
eventually  becomes  as  competent  to  carry  on  the  functions  of  nutrition 
as  were  the  normal  vessels.  When  this  occurs,  it  is  said  that  a collateral 
circulation  has  been  established  by  anastomosis. 

VEINS. 

Normal  Structure. — Normal  veins  possess  essentially  the  same  struc- 
ture as  arteries,  except  that  the  tunica  media  is  very  much  less  developed, 
and  hence  the  walls  are  thinner.  Many  of  the  veins  are  supplied  with 
valves,  and  thus  differ  from  the  arteries. 

Bennett1  and  others  have  described  congenital  sacculations  and 
cystic  dilatation  of  the  veins  occurring  independently  of,  or  associated 
with,  varicosity.  Such  abnormalities  may  involve  a part  or  all  of  the 
wall  and  hence  may  be  symmetric  or  asymmetric.  The  veins  of  the  neck 
and  inguinal  regions,  and  the  saphena  veins,  may  be  affected;  the  condi- 
tion constitutes  a form  of  congenital  varix. 

Phlebitis,2  Inflammation  of  Veins. — Inflammatory  processes  analo- 
gous to  those  already  described  as  occurring  in  the  arteries  (see  p.  523) 
take  place  in  the  veins,  the  most  important  of  which  are  the  infective 
forms — infectious  phlebitis.  As  the  current  in  the  veins  is  from  the 
smaller  lumen  to  a larger  one,  dislodgment  occurs,  and  emboli  are  thrown 

1 Lancet,  April  12,  1889,  p.  788;  Picquet  and  Clacys,  Bull,  et  Mem.  de  la  Soc. 
Anat.  de  Paris,  Nov.,  1905. 

2 Revue  de  Med.,  vol.  xxii;  Oettinger,  La  Semaine  Med.,  Feb.  12,  1902;  Hess, 
Deut.  med.  Woch.,  June  26,  1902,  xxviii  Jahrg;  Ducastel,  These  de  Paris,  1903; 
Heller.,  Berl.  klin.  Woch.,  June  9,  1904,  No.  23;  Galtier  and  Pierre,  Gaz.  des  Hop. 
Civil,  et  Mil.,  Sept.  3,  1904;  Ledderhose,  Deut.  med.  Woch.,  Oct.  20,  1904;  Cobble- 
dick,  Practitioner,  Nov.,  1904,  p.  707;  Forster,  Wein.  klin.  Woch.,  Nov.  3,  1904, 
p.  1175;  Halbron,  La  Presse  Med.,  March  18,  1905,  p.  173;  Briggs,  Lancet,  July 
22,  1905,  p.  234;  Schwarz,  Virch.  Arch.,  Bd.  clxxxii,  H.  2,  1905,  p.  178;  Haward, 
The  Hunterian  Lectures,  1906;  Grant,  Jour.  Amer.  Med.  Assoc.,  Feb.  16,  1907, 
p.  567;  Brooks  and  Crowell,  Jour.  Exp.  Med.,  vol.  x,  No.  2,  1908;  Thibierge, 
Sem.  Med.,  April  13,  19x0,  p.  179;  Buerger,  International  Clinics,  vol.  iii,  Nine- 
teenth Series. 
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of?  in  large  numbers.  When  considering  thrombosis  and  embolism,  this 
point  was  mentioned.  (See  p.  268.)  The  source  of  the  infection  in 
veins  may  be  by  (1)  direct  infection,  as  in  wounds;  (2)  mural  implanta- 
tion; (3)  continuity  of  spread  (that  is,  passing  directly  along  the  vessel- 
wall)  ; (4)  contiguity,  from  periphlebitis.  As  examples  of  the  last  two 
may  be  cited  the  spread  from  infected  uterine  sinuses  to  pelvic  veins,  and 
the  extension  of  suppurative  mastoid  disease  to  the  adjacent  intracranial 
sinuses,  respectively.  Pyemia  and  other  forms  of  bacteremia  are  frequently 
due  to  phlebitis;  the  latter  may  be  secondary  to  the  blood  infection. 

When  the  inflammation  involves  the  intima,  a thrombus  usually  at- 
tends the  progress  of  the  inflammation,  justifying  the  term  thrombophle- 
bitis. The  presence  of  bacteria  in  practically  all  these  thrombi  is  usually 
admitted;  in  many  of  them  pyogenic  organisms  are  almost  exclusively  the 
cause,  and  such  venous  inflammation  has  received  the  name  suppurative 
phlebitis.  In  other  cases  neither  suppuration,  softening,  disintegration, 
fragmentation,  nor  dislodgmento  ccurs.  The  absence  of  such  changes  indi- 
cates that  the  condition  is  not  suppurative,  but  by  no  means  excludes 
infection,  such  as  typhoid  fever,  influenza,  and  rheumatism.  The  simple, 
bland,  or  noninfective  phlebitis,  such  as  follows  injury  of  the  vein  without 
infection,  is  inconsequential,  and  is  usually  unattended  by  secondary 
processes.  In  some  cases  the  patient  may  suffer  repeated  attacks,  consti- 
tuting what  is  called  recurrent  phlebitis ; in  other  instances  a number 
of  veins  are  involved  in  succession,  as  though  the  disease  were  moving 
from  place  to  place,  constituting  what  is  called  migrating  phlebitis. 

The  results  of  phlebitis  are  influenced  by  the  character  of  the  accom- 
panying infection,  and  especially  by  the  changes  occurring  in  the  result- 
ing thrombus.  The  latter  I have  considered  when  dealing  with  throm- 
bosis (p.  268).  When  the  inflammation  is  attended  by  the  formation  of 
an  occluding  thrombus,  the  affected  vein  is  frequently  obliterated.  Osier1 
has  collected  twenty-nine  cases  of  thrombosis  involving  the  superior  vena 
cava;  to  these  should  be  added  the  instance  reported  by  Cobbledick. 
The  circulation  in  the  area  drained  by  the  occluded  vessel  is  more  or  less 
impeded,  the  nutrition  of  the  structures  disturbed,  and  edema  is  fre- 
quently present. 

Tuberculosis  of  the  veins  is  manifested  by  changes  essentially  similar 
to  those  already  described  (see  p.  532)  as  occurring  in  the  arteries,  but 
is  much  more  frequent.  The  paths  of  infection  in  the  two  kinds  of  vessels 
are  essentially  similar,  and  the  dangers  from  dissemination  of  the  bacilli 
by  the  blood  are  practically  identical.2 

Syphilis  of  the  veins  may  be  of  the  sclerotic  or  gummatous  type. 
Nodular  syphilitic  phlebitis  gives  rise  to  circumscribed  enlargements 
(gummata)  along  the  course  of  the  affected  vein.  In  other  cases  the  in- 
duration is  cord-like  and  not  nodular.  Thibierge3  demonstrated  the 
treponema  pallidum  in  the  wall  of  an  excised  vein  and  successful^  in- 
oculated a monkey.  The  lesion  he  describes  is  a granulating  endophle- 
bitis  manifesting  marked  endothelial  proliferation  without  preliminary 
thrombosis;  the  lumen  of  the  affected  vein  was  greatly  reduced. 

Chronic  phlebitis  or  phlebosclerosis  is  a morbid  entity  studied  by 
Thoma,  who  believes  it  to  be  part  of  general  vascular  disease  ( angio - 
sclerosis).  The  wall  of  the  vein,  usually  immediately  beneath  the  intima, 

1 Bull,  of  Johns  Hopkins  Hospital,  July,  1903. 

2 See  Tuberculosis,  p.  129. 

3 Sem.  Med.,  April  13,  1910,  p.  179. 
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shows  a marked  increase  in  the  fibrous  tissue,  which  may  undergo  hyaline 
degeneration;  the  elastica  is  commonly  affected  as  in  arteriosclerosis  and 
thrombosis  is  not  infrequently  present.  The  resemblance  to  thrombosis 
is  often  striking.  Whether  empty  or  full  the  cord-like  veins  are  of  the 
same  color.  According  to  Carducci1  the  disease  is  most  frequent  in  the 
anterior  tibial,  popliteal,  femoral,  external  iliac,  brachial,  ulnar,  radial,  and 
the  great  saphena. 

Varicose  Veins,  or  Phlebectasia2  (Synonyms,  Varix,  Varicosity). — This 
condition  consists  of  more  or  less  irregular  dilatation  of  the  veins;  as  a 

rule,  associated  with  alterations  in  their  walls  and  nu- 
tritive changes  in  the  area  involved. 

Sites. — Veins  of  the  leg  and  thigh;  plexus  pampini- 
forrnis;  hemorrhoidal  veins;  occasionally,  the  veins  of 
the  abdominal  wall,  and,  rarely,  intraabdominal  veins 
— peri-uterine,  renal,  or  mesenteric. 

Causes. — Dilated  veins  may  result  from  (i)  obstruc- 
tion to  the  onward  flow  of  the  blood;  e.  g.,  tumors  of 
the  pelvis,  pregnancy,  etc.,  inducing  varicosity  of  the 
veins  of  the  leg  and  of  the  rectum;  cirrhosis  of  the  liver, 
obstructing  the  veins  returning  from  the  alimentary 
canal;  tight  garters  or  other  constricting  bands  are  also 
causes.  (2)  Diseases  of  the  central  organ  of  circula- 
tion, leading  to  venous  stasis.  (3)  Pulmonary  obstruc- 
tion, inducing  stagnation  of  the  blood  in  the  veins. 
Fig.  ass— Varicose  (4)  Inflammation  of  the  veins,  leading  to  (a)  softening 
(Gouid.)  F ™E  Leu'  of  the  walls,  and  thus  favoring  expansion,  and  (6) 
obliteration  or  narrowing  of  a large  vein,  such  as  the 
femoral,  by  a thrombus  or  by  contraction,  thereby  increasing  the  intra- 
venous pressure  in  the  vessel,  distal  to  the  point  of  obstruction.  Some 
observers  believe  there  is  always  a congenital  defect,  in  the  presence  of 
which  other  conditions  may  produce  varicosity;  many  cases  are  congenital. 

Forms. — (i)  When  the  dilatation  is  regular,  sjunmetric,  and  not 
associated  with  lengthening,  the  condition  is  known  as  simple  dilatation; 
(2)  when  the  vein  is  dilated  and  tortuous,  owing  to  apparent  lengthening 
as  well  as  to  dilatation,  it  is  spoken  of  as  cirsoid  dilatation;  (3)  when 
the  distention  is  irregular,  saccular,  or  upon  alternate  sides,  the  con- 
dition is  called  varicose  dilatation.  (4)  An  ampullary  dilatation  of  the 
veins  has  also  been  described;  this  form  occurs  particularly  near  the 
femoral  ring  and  has  been  mistaken  for  hernia.  By  some  writers  the 
congenital  sacculations  and  cystic  dilatations,  referred  to  on  page  538, 
are  placed  in  this  group. 

Results  of  Phlebectasia. — The  slowed  circulation  and  passive  congestion 
lessen  the  nutrition  of  the  tissues  in  the  area  drained  by  the  involved 
vessels;  as  a result  of  failure  to  remove  effete  materials,  degenerative 
or  even  necrotic  processes  may  ensue.  Edema  may  occur;  clots  may 
form  in  the  veins;  the  stretching  of  the  walls  usually  renders  the  valves 
inefficient;  as  a result  of  the  lowered  vitality,  slight  bruises  or  super- 
ficial excoriations  are  followed  by  infection  in  the  diseased  area,  and 
extensive  ulceration  commonly  ensues.  In  the  testicle  lessened  nutri- 

1 II  Policlin.,  Jan.,  1907. 

2 Kallenberger,  Virch.  Arch.,  Bd.,  clxxx,  H.  1,  1905,  p.  130;  Scagliosi,  Virch. 
Arch.,  Bd.  clxxx,  H.  1,  1905,  p.  1 6 1 ; Istomin,  Deut.  Zeit.  f.  Chir.,  June,  1909;  Nobl, 
Der  Varicose  Symptomencomplex,  Berlin  and  Vienna,  1910. 
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tion  undoubtedly  results,  and  in  some  instances  this  may  be  followed 
by  atrophy  of  the  organ.  In  the  rectum,  clotting  may  occur  in  the 
dilated  hemorrhoidal  veins,  and  violent  inflammatory  processes  may 
follow,  or  the  venous  mass  may  ulcerate  and  bleed,  or  may,  by  its  size, 
cause  more  or  less  obstruction  to  the  passage  of  fecal  matter. 

Tumors  of  Blood-vessels. — Primary  tumors  of  the  blood-vessels  are 
rare.  They  must  be  of  the  connective-tissue  series.  Sarcomata  invade 
the  vessels  rapidly,  and  particularly  the  veins,  by  which  they  not  un- 
commonly spread.  Cancers  can  implicate  the  vessels  only  as  secondary 
growths  or  by  direct  extension  of  the  neoplasm  into  the  vessel-wall. 
(For  tumors  of  the  blood-vessels,  blood-vessel  tumors,  see  Heman- 
giomata, p.  341.) 


LYMPH-VESSELS. 

Nutrition  of  the  tissues  is  greatly  influenced  by  adequate  production 
and  proper  flow  of  lymph.  (See  Edema,  p.  260.)  Derived  from  the 
blood  the  lymph  is  poured  into  pericellular  spaces  from  which  it  trav- 
erses the  endothelium  of  the  lymphatic  capillaries,  thereby  entering  the 
closed  lymph-vessel  system.  The  larger  lymph-vessels  possess  walls 
structurally  resembling  the  walls  of  blood-vessels.  The  lymphatic  capil- 
laries, or  lymph  canaliculi,  are  structurally  like  the  blood  capillaries,  ex- 
cept that  they  show  great  irregularity  in  diameter,  often  exhibiting 
saccular,  cylindric,  and  fusiform  dilatations. 

Malformations  of  the  lymph -vessels  are  usually  manifested  as  con- 
genital tumors  (lymphangiomata) , which  have  been  considered  elsewhere 
(See  p.  342.)  As  in  the  blood-vessels  anomalies  of  origin  and  course 
are  occasionally  observed,  so  in  the  lymphatic  vessels  evidences  of  ab- 
normal distribution  of  the  channels  are  sometimes  exhibited.  Thus, 
carcinoma  of  the  mamma,  which  usually  first  invades  the  axillary  nodes, 
may  show  initial  glandular  involvement  in  the  supraclavicular  nodes, 
thereby  proving  that,  in  some  instances  at  least,  the  lymph  stream  from 
the  breast  passes  in  a direction  at  variance  with  the  normal. 

Obstruction  of  a lymph -vessel  may  result  from  pressure,  as  when 
adjacent  tumors,  aneurysms,  and  cicatrices  collapse  its  walls;  injury, 
inflammation,  thrombosis,  tuberculosis,  and  animal  parasites  (such,  for 
example,  as  the  filaria,  see  p.  196)  may  also  occlude  its  lumen,  or  ex- 
cision of  lymph-nodes,  extensive  suppurative  processes,  and  lymphan- 
geiolitis  may  destroy  the  ducts  traversing  an  area.  Cancer  spreading 
by  the  lymphatics  may  plug  the  vessels.  The  changes  resulting  from 
occlusion  of  a lymph-vessel,  and  consequent  lymph  blockage,  depend 
largely  upon  the  importance  of  the  vessel  and  upon  the  possibility  of 
collateral  anastomoses.  The  distribution  of  the  lymphatic  system 
commonly  affords  abundant  opportunity  for  the  lymph  to  pass  through 
some  circuitous  route  when  obstructed  in  its  normal  course.  When 
passage  in  this  way  cannot  be  provided,  the  resulting  obstruction  is 
associated  with  edema  in  the  area  involved.  (See  Edema,  p.  260.)  In 
other  cases,  either  with  or  without  edema,  the  lymphatic  vessels  distal 
to  the  obstruction  dilate.  The  dilatation  may  be  restricted  to  a small 
area,  in  which  case  a lymphangioma  results,  or  it  may  be  diffuse,  and 
manifested  by  the  occurrence  of  small  cysts  in  the  tissue  involved.  In 
still  other  instances,  either  with  or  without  any  of  the  foregoing  conditions, 
more  or  less  edema,  with  marked  proliferation  of  the  connective  tissues, 
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occurs,  giving  rise  to  elephantiasis  (see  p.  198)  and  elephantoid  conditions 

(see  p.  198).  Manson’s  statistics  show  that  in  96.84  per  cent,  of  the  cases 
of  elephantiasis  the  lower  extremities  are  involved;  in  5.86  per  cent,  the 
upper  extremities;  and  in  2.3  per  cent,  the  scrotum  manifests  the  change. 
The  enormous  overgrowth  of  the  connective  tissues  may  be  appreciated 
by  the  fact  that  the  scrotum  sometimes  attains  a weight  of  200  pounds. 
On  incision,  the  tissue  involved  is  found  to  consist  largely  of  white 
fibrous  elements  superficially,  and  deeper,  of  a “ blubbery-looking  drop- 
sical tissue.”  The  lymphatic  nodes  of  the  area  involved  are  commonly 
enlarged  and  fibrous. 

Occlusion  of  the  thoracic  duct  affords  a slightly  different  picture 
by  reason  of  the  fact  that  the  vessel  transmits  chyle.  It  may  be  ob- 
structed from  the  same  causes  as  those  already  given  for  lymphatic  trunks 
elsewhere.  Thrombosis  involving  the  left  innominate  vein  occludes  the 
duct  at  the  point  where  it  empties  its  contents  into  the  venous  circulation. 
As  in  obstruction  of  other  lymph-channels,  it  is  possible  to  have  occlusion 
of  the  thoracic  duct  without  any  untoward  manifestation,  in  which  case 
the  fluid  that  it  normally  transmits  must  enter  the  circulation  through 
some  circuitous  route.  As  a result  of  obstruction,  chylous  ascites  may 
occur.  (See  p.  453.)  Similar  effusions  are  occasionally  observed  in  the 
pleural  cavities,  and  chylocele — an  accumulation  in  the  tunica  vaginalis 
testis — at  times  follows  obstruction  to  the  course  of  the  intra-abdominal 
lymph.  In  other  cases  there  is  an  accumulation  of  chyle  in  the  lym- 
phatics of  the  scrotum,  constituting  so-called  lymph -scrotum ; and  in  still 
other  instances  the  obstruction  to  the  onward  flow  of  the  lymph  is  mani- 
fested by  the  occurrence  of  chyluria. 

As  a result  of  obstruction  to  the  flow  of  the  chyle  along  its  normal 
course  in  the  vessels  of  the  mesentery,  cysts  are  occasionally  formed. 
Not  infrequently  chyle-cysts1  closely  resemble  abscesses,  for  which  they 
have  been  mistaken.  A microscopic  or  chemic  examination  of  their 
contents  prevents  this  error  in  diagnosis.  Obstruction  to  the  onward 
flow  of  chyle  materially  interferes  with  nutrition,  leading  to  more  or 
less  anemia,  and  eventually,  in  many  cases,  to  emaciation. 

Lymphangitis,  angioleucitis,  or  inflammation  of  the  lymphatic  vessels 
occurs  in  two  forms — acute  and  chronic. 

The  acute  form  is  usually  due  to  infection  by  pyogenic  organisms,  and 
is,  therefore,  commonly  suppurative  in  character.  It  may  accompany 
erysipelas  or  may  result  from  the  extension  of  infections,  such  as  abscesses. 
The  dissection  and  postmortem  wounds,  of  common  occurrence  and  great 
mortality  before  the  proper  injection  of  anatomic  material,  were  typical 
examples  of  acute  suppurative  lymphangitis.  That  acute  inflammation 
of  the  lymphatic  vessels  is  not  always  the  result  of  infection  is  indicated 
by  the  occurrence  of  a typical  form  due  to  filaria,  and  of  another  variety, 
brought  about  by  the  introduction  of  venom  into  the  lymph-spaces. 
Severe  bruises  and  bums,  the  former  often  without  any  solution  in 
the  continuity  of  the  skin,  may  be  followed  by  acute  lymphangitis. 

The  morbid  anatomy  of  the  condition  depends  largely  upon  whether 
the  process  is  restricted  to  the  cellular  tissues  or  passes  beyond  these 
structures  and  invades  the  vessel  properly  so  called.  In  acute  reticular 
lymphangitis  there  is  dilatation  of  the  blood-vessels,  giving  rise  to  red- 
ness, which  often  shows  a peculiar  mottling  due  to  its  irregular  distribu- 

1 See  reference,  p.  479.  Also  Spechert,  Arch.  f.  klin.  Chir.,  Bd.  lxxv,  H.  4,  1905; 
Hartwig,  Beitr.  z.  klin.  Chir.,  1907,  lv,  1;  Brinsmade,  Annals  of  Surg.,  Oct.,  1908; 
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tion.  More  or  less  edema  (swelling)  is  present.  In  the  acute  tubular 
lymphangitis  the  lines  of  hyperemia  and  swelling  follow  the  course  of  the 
lymphatic  vessels;  usually  they  are  broader  than  the  duct,  as  a result 
of  the  presence  of  an  associated  perilymphangitis,  or,  rather,  a reticular 
lymphangitis  surrounding  the  inflamed  vessel.  On  microscopic  examina- 
tion, the  lymphatics  contain  numerous  leukocytes,  and  later,  in  pyo- 
genic infection,  the  accumulation  may  be  sufficient  to  justify  its  being 
called  a distinct  pus  collection.  Fibrin  is  nearly  always  present  at  some 
stage  in  the  process.  In  the  lymphatic  vessels  swelling  and  desquamation 
of  the  endothelium  occur,  associated  with  more  or  less  marked  leukocytic 
migration,  and  not  infrequently  with  thrombosis.  The  extent  and  termi- 
nation depend  largely  upon  the  character  of  the  infection  and  upon  the 
resistance  of  the  individual.  In  areas  of  lymphatic  obstruction — such  as 
iymph-scrotum  and  elephantiasis — the  absence  of  sufficient  protective 
powers  on  the  part  of  the  tissues  may  lead  to  disastrous  infections.  In 
other  cases  the  virulence  of  the  infecting  agent  may  be  overwhelming, 
and  associated  with  the  production  of  poisons  that  rapidly  destroy  life, 
or  by  the  diffusion  of  bacteria  into  the  lymphatic  nodes,  and  eventually 
into  the  blood-vessels,  septicemia  or  pyemia  may  ensue.  In  still  other 
instances  the  virulence  of  the  infection  may  be  slight  or  the  resistance 
of  the  tissues  marked,  and  in  either  case  the  process  quickly  subsides. 

Chronic  lymphangitis  may  follow  the  acute  form  or  may  result  from 
gradually  developing  obstruction  to  the  onward  flow  of  lymph.  It  is 
frequently  observed  in  lymphangiomata.  It  is  manifested  by  more  or 
less  dense  edema  of  the  area  involved,  with  proliferation  of  the  connec- 
tive tissue,  leading  to  a true  fibrous  induration. 

Lymphangiectasis  and  lymphangioma  have  been  referred  to  in  con- 
sidering tumors.  (See  p.  342.)  Tumofs  of  the  lymph- vessels,  aside  from 
those  resulting  from  lymphangiectasis,  either  congenital  or  acquired  are 
usually  secondary,  and  are  due  to  invasion  of  the  adjacent  tissues  or 
primitive  lymph  vessels.  Endotheliomata  of  the  serous  membranes  are 
usually  regarded  as  primary  tumors  arising  from  the  endothelium,  and 
are  allied  to,  if  not  identical  with,  similar  tumors  the  origin  of  which 
is  the  endothelium  of  smaller  lymph-vessel  ducts.  The  extension  of 
cancer  by  the  lymphatics  has  already  been  considered.  (See  p.  318.) 

In  connection  with  or  independent  of  associated  tuberculosis  of  the 
lymph-nodes  the  process  may  involve  the  vessels.  Extension  onward  to 
the  nearest  nodes  or  to  the  blood-stream  is  possible.  When  tuberculosis 
occurs  in  the  thoracic  duct1 — either  as  a result  of  mural  implantation  of 
tubercle  bacilli,  which  have  found  entrance  near  the  periphery  of  its 
distribution,  or  when  an  adjacent  tuberculosis  invades  the  structure — dis- 
aster due  to  systemic  dissemination  is  prone  to  follow. 

1 See  Longcope,  Report  of  the  Ayer  Clin.  Lab.,  vol.  iii. 
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CHAPTER  VII. 


MUCOUS  MEMBRANES. 

Normal  Structure. — A mucous  membrane  consists  essentially  of 
three  parts:  (i)  Upon  the  surface,  a layer  of  epithelial  cells;  (2)  a base- 
ment membrane,  upon  which  these  cells  rest;  (3)  the  submucous  con- 
nective tissue,  in  which  ramify  the  blood-vessels,  lymphatics,  and  nerves 
essential  to  the  life  and  function  of  the  layers  above. 

The  epithelial  layer  varies  in  two  particulars:  in  the  character  of  the 
epithelium  and  in  the  number  of  layers.  When  the  function  of  the 
epithelium  is  largely  protective,  stratification  is  the  rule;  when  secretion 
is  the  essential  function,  there  is  commonly  but  one  layer:  e.  g.,  on  the 
tongue  numerous  layers  are  found,  while  in  the  tubules  of  the  stomach,  the 
acini  of  glands,  and  the  secreting  structures  of  the  kidney,  etc.,  but  a single 
stratum  exists.  When,  in  addition  to  protection,  propulsive  force  is 
needed,  or  when  the  latter  alone  is  demanded,  the  epithelial  cells  are 
supplied  with  cilia,  as  in  the  bronchi  and  Fallopian  tubes.  In  all  mucous 
membranes  possessing  stratified  epithelium  there  lies  immediately  adja- 
cent to  the  basement  membrane  a genetic  layer  analogous  to  the  cylindric- 
cell  layer  of  the  rete  mucosum  of  the  skin.  When  the  epithelial  covering 
is  simple  (nonstratified),  as  in  the  pulmonary  vesicles  and  renal  tubules, 
a distinct  genetic  layer  may  not  be  demonstrable.  Mucous  membranes 
so  constructed  must,  after  exfoliation  or  destruction  of  a single  layer, 
recoat  the  connective-tissue  basement  membrane  from  viable  cells  at  the 
margin  of  the  area  involved,  exactly  as  the  epithelial  regeneration  pro- 
gresses over  the  surface  of  an  ulcer  undergoing  repair. 

Epithelial  cells  possess  the  remarkable  faculty  of  manufacturing 
from  supplied  nutrition  new  chemic  compounds  not  existing,  as  such, 
in  the  pabulum  supplied:  e.  g.,  the  secretions  of  the  salivary  glands, 
the  gastric  follicles,  the  pancreas,  the  kidney,  etc.  Every  mucous  surface 
is,  therefore,  a laboratory,  and  this  peculiarity  has  given  the  membrane 
the  name  specialized,  indicating  that  it  possesses  characters  eminently 
its  own.  While  all  mucous  membranes  elaborate  something,  the  most 
constant  element  is  mucus;  when  a mucosa  is  altered  by  disease,  mucus 
not  uncommonly  forms  a conspicuous  product  in  the  altered  secretion; 
as  a rule,  the  greater  the  functional  perversion,  the  more  abundant  the 
abnormal  products,  and  the  larger  the  quantity  of  mucus.  As  the  Junc- 
tion of  the  epithelial  cell  is  dependent  largely  upon  the  pabulum  supplied, 
and  as  this  supply  is  controlled  by  the  subepithelial  layers,  it  becomes 
evident  that  alterations  involving  the  basement  membrane,  or  of  the 
submucosa,  must  affect  the  activity  of  the  superimposed  epithelium. 

The  Basement  Membrane  ( Membrana  propria).— This  structure  is 
mesoblastic  in  origin,  composed  of  fibrous  tissue  and,  in  some  situations, 
a scant  supply  of  unstriped  muscle-cells,  and  a varying  quantity  of 
elastica.  The  thickness  of  the  basement  membrane  varies  greatly; 
thus,  in  the  mouth  and  nose  it  is  of  a discernible  thickness,  while  in  the  wall 
of  the  pulmonary  alveoli  it  is  demonstrated  with  difficulty.  When 
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great  changes  in  the  volume  and  surface  of  the  organ  are  likely  to  occur, 
the  basement  membrane  may  form  irregular  ridges ; in  this  way  the  gastric 
mucosa  is  enabled  to  adapt  itself  to  the  changes  in  volume  constantly 
manifested  by  the  stomach.  By  some  it  is  claimed  that  nerves  and  lym- 
phatics penetrate  the  membrana  propria  and  present  themselves  imme- 
diately in  the  epithelial  layer.  It  is  not,  however,  probable  that  such  is 
the  case;  as  in  all  mucosae  the  basement  membrane  is  the  line  between  the 
connective  the  epithelial  tissues,  it  seems  reasonable  to  assume  that 
it  is  merely  pushed  as  a thin  layer  ahead  of  the  nerve-fibers,  and  that 
the  lymphatics  open,  if  at  all,  immediately  beneath  or  into  the  genetic 
layer  of  epithelium  when  such  a structure  exists. 

The  submucosa,  or  submucous  connective-tissue  layer,  is  of  the 
greatest  importance,  and  varies  more  than  either  of  the  preceding.  In 
a part  of  the  nasal  fossae  it  is  erectile;  where  an  organ  is  subject  to  great 
alteration  in  surface,  like  the  stomach,  it  is  especially  abundant;  where 
it  is  not  called  upon  for  such  rapid  alterations  in  surface  during  brief 
intervals,  it  may  be  wanting,  as  in  the  uterus,  where  it  is  extremely 
scanty,  if  at  all  present.  As  the  nutrition  of  the  epithelium  is  largely 
dependent  upon  the  condition  of  the  submucosa,  lesions  of  this  layer 
influence  the  function  and  structure  of  the  overlying  membrane.  Many 
mucous  membranes  possess  lymphoid  tissue,  and,  in  some  locations, 
collections  of  lymphoid  follicles  constitute  a distinguishing  feature.  For 
the  most  part  these  nodes  occupy  the  submucosa,  although  in  numer- 
ous situations  the  membrana  propria  contains  a quantity  of  lymphoid 
tissue.  The  lymphoid  elements  may  be  somewhat  diffuse,  agminated 
in  nodules,  or  grouped  in  patches.  Lymphoid  tissue,  among  other 
functions,  clearly  possesses  antitoxic,  bacteriolytic,  and  possibly  other 
properties  which,  in  the  present  state  of  our  knowledge,  remain  undeter- 
mined. In  certain  infectious  processes,  affecting  the  mucous  mem- 
branes— for  example,  typhoid  fever — the  most  conspicuous  lesion  in- 
volves, to  the  greatest  degree,  the  lymphoid  elements  of  the  mucous 
membrane. 

Hyperemia  of  a mucosa  may  be  physiologic;  an  increased  blood- 
supply  is  sent  to  the  stomach  during  gastric  digestion;  the  uterine  mu- 
cosa is  supplied  with  an  excess  of  blood  during  menstruation.  Patho- 
logic hyperemia  is  usually  a manifestation  of  irritation  and  is  commonly 
observed  as  a precursor  of  inflammation.  The  blood  admitted  to  the 
submucosa  is  increased  by  temperature  variations  and  the  presence  of 
poisons  of  strengths  inadequate  to  produce  inflammation;  it  is  possible 
that  vasomotor  influences  may,  in  other  ways,  increase  the  amount  of 
blood  supplied  to  a mucous  membrane.  The  form  of  pathologic  hyper- 
emia associated  with  inflammation  of  the  mucosas  will  be  dealt  with 
when  considering  that  subject. 

Congestion  of  a mucous  surface  is  dependent  upon  conditions  that 
interfere  with  the  exit  of  blood  from  the  affected  mucosa.  Congestion  is 
seen  in  the  lungs  and  upper  air-passages  and  in  the  alimentary  canal, 
as  a result  of  cardiac  disease  associated  with  interference  in  the  onward 
flow  of  the  blood,  and  in  the  stomach  and  intestinal  mucous  membranes 
in  obstructive  hepatic  disease  as  well.  It  may  or  may  not  be  the  pre- 
cursor of  inflammation,  and  its  permanency  is  dependent  upon  the 
condition  that  causes  it. 

The  function  of  the  membrane  is  materially  altered  by  the  faulty 
metabolism  that  always  attends  a stagnant  circulation.  In  time  an 
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increase  in  the  fibrous  tissue  of  the  submucosa  occurs,  usually  preceded, 
accompanied,  and  followed  by  a catarrhal  process  manifested  in  the 
overlying  epithelial  layers.  In  obstructive  diseases  of  the  lungs  or  heart 
the  congestion  of  the  gastric  mucous  membrane  may  be  so  great  as  to 
resemble  the  lesions  resulting  from  poisoning.  The  venous  stasis  some- 
times gives  rise  to  hemorrhage  which  may  be  recurring  and,  although 
usually  slight,  occasionally  is  severe.  If  congestion  be  prolonged,  vari- 
cosity of  the  submucous  veins  frequently  develops;  rupture  of  such 
varices  may  give  rise  to  alarming  or  even  fatal  bleeding. 

Hemorrhage  from  the  mucous  membrane  occurs  as  a physiologic 
process  in  menstruation;  hyperemia  and  congestion  not  uncommonly 
terminate  in  hemorrhage,  as  in  yellow  fever,  malaria,  and  allied  condi- 
tions. It  is  not  always  an  evidence  of  a serious  malady,  as  is  shown 
by  the  occurrence  of  trifling  epistaxis  without  apparent  cause.  In  hemo- 
philia and  scurvy,  epistaxis  is  frequently  present.  As  to  severity,  a 
hemorrhage  may  consist  of  the  trifling  escape  of  a few  red  corpuscles 
in  an  abundant  mucous  exudate  (serosanguineous)  or  it  may  be  alarm- 
ing; the  escaped  blood  may  pour  out  on  the  surface  as  in  epistaxis,  or  it 
may  infiltrate  the  submucosa  (interstitial  or  purpuric  hemorrhage) 
and  be  found  postmortem  in  the  intestines  or  elsewhere  as  petechias, 
ecchymoses,  or  larger  collections  in  the  submucosa.  During  life,  in 
purpura,  exposed  or  visible  mucous  surfaces  may  exhibit  the  discolora- 
tions in  a typical  manner.  These  spots,  if  large,  may,  in  very  exceptional 
cases,  terminate  in  necrosis,  and,  if  the  patient  survive,  ulcers  may 
develop,  although  this  is  rare;  as  a rule,  if  recovery  occur,  the  blood  is 
absorbed  without  any  septic  or  gangrenous  process. 

Atrophy  of  the  mucous  membrane  may  be  an  insidious  process,  due 
to  malnutrition  and  the  action  of  toxic  substances,  or  to  inflammation 
and  sclerosis  of  the  submucosa;  the  epithelium  is  principally  affected. 

Hypertrophy  of  the  mucous  membrane,  in  the  sense  that  there  is  a 
notable  increase  in  the  functional  activity,  is  not  known  to  occur.  In  a 
number  of  conditions  the  thickness  of  the  submucosa  is  conspicuously 
increased  and  occasionally  the  epithelial  layer  is  thickened;  as  a rule, 
these  changes  are  due  to  irritation  or  inflammation  and  are  not  accom- 
panied by  any  augmentation  in  the  specific  function  of  the  affected 
membrane;  usually  physiologic  activity  is  lessened  or  suppressed. 

INFILTRATION  OF  THE  MUCOUS  MEMBRANES.1 

Pigmentary  Infiltration.— (A)  Pneumoconiosis,2  or  pulmonary  pig- 
mentation due  to  extraneous  substances,  assumes  a number  of  forms. 
Solid  particles  may  gain  ingress  to  or  through  the  mucous  membrane 
from  the  surface,  as  in  laborers  whose  occupation  exposes  them  to  the 
constant  inhalation  of  suspended  solid  matters:  e.  g.,  the  inhalation  of 
coal-dust  by  miners  leads  to  a condition  in  the  lungs  known  as  anthra- 
cosis;  in  the  grinders  of  metal  instruments,  in  nailers,  etc.,  iron  inhaled 
gives  rise  to  an  allied  condition,  known  as  siderosis  (when  the  disease  oc- 
curs in  nailers,  it  is  also  known  as  nailer's  phthisis ) ; in  stone-cutters  and 
the  makers  of  grindstones,  etc.,  the  disease  is  known  as  lithosis  or  chali- 
cosis.  Similar  infiltrations  occur  in  laborers  in  cotton  and  shoddy  mills 

1 See  pp.  222  to  226. 

2 Scurfield,  Brit.  Med.  Jour.,  Aug.  22,  1908,  p.  480;  Montgomery,  Jour.  Med. 
Research,  vol.  xxiii,  No.  x,  1910. 
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and  in  the  handlers  of  grain.  These  pigment  particles  do  not  seem  to 
be  able  to  penetrate  the  stratified  epithelium,  but  gain  ingress  further 
down  in  the  air-passages;  the  alveoli  being  permeable,  the  epithelial 
cells  not  arresting  all  the  pigment,  it  enters  the  lymph-spaces  of  the 
basement  membrane,  from  which  the  extraneous  substance  diffuses  by 
the  lymphatic  channels  into  the  surrounding  tissues.  The  deposited  ma- 
terial finds  lodgment  in  the  following  structures  (Hamilton) : in  the 
subpleural  and  interbronchial  tissues;  in  the  peribronchial  lymph-nodes; 
in  the  lymphadenoid  interspaces  of  the  alveoli. 

After  the  infiltration  is  well  advanced  in  the  pulmonary  tissues,  the 
substemal  and  general  mediastinal  glands  are  usually  involved.  Weigert 
has  shown  that  the  circulation  may  be  reached  by  the  pigment  passing 


Fig.  2^6. — Section  of  the  Lung,  Pneumoconiosis.  ( RindflHsch .) 

The  deposited  pigment  is  shown  in  the  connective  tissue  of  the  vesicular  wall. 


through  the  peribronchial  nodes,  which  attach  themselves  to  the  pul- 
monary veins,  into  which  they  rupture.  The  presence  of  foreign  solid 
material  induces  inflammation  of  the  mucous  covering — at  first  acute, 
but  from  the  continued  application  of  the  irritant,  the  changes  incident 
to  chronic  inflammation  occur.  In  the  deeper  tissues  fibroid  hyper- 
plasia ensues,  with  the  abundant  production  of  new  fibrous  tissue  in  the 
infiltrated  areas.  The  accompanying  catarrhal  processes  denude  the  epi- 
thelial protecting  layer,  and  the  lung  tissue  becomes  exposed  to  the  dan- 
gers of  infection  by  bacteria.  The  introduction  of  pyogenic  organisms 
induces  an  infective  inflammation  which  may  terminate  in  necrosis,  and 
eventually  give  rise  to  cavity  formation;  or,  what  is  much  more  com- 
mon in  susceptible  individuals,  the  tubercle  bacillus  gains  entrance  to  the 
affected  tissues  and  tuberculosis  is  engrafted  on  the  existing  lesions. 
Aside  from  the  lung,  pigmentary  infiltration  is  occasionally  seen  in  the 
vomer  and  turbinated  bones. 

Medicometal  Pigmentation  of  Mucosae. — Occasionally,  metallic  sub- 
stances taken  as  medicines  or  otherwise  may  be  precipitated  in  or  on 
the  mucous  membranes  with  which  they  come  in  contact.  Examples  of 
this  are  seen  after  the  administration  of  iron  and  bismuth. 

(B)  Pigment  Deposit  from  the  Blood. — Brown  induration  of  the  lung 
is  in  part  a pigmentary  infiltration,  secondary  to  chronic  congestion. 
The  disease  is  most  marked  in  the  lung  in  chronic  heart  disease.  The 
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alveolar  epithelium  contains  altered  blood  pigment,  and  pigmented 
cells  are  found  in  the  interalveolar  wall.  The  capillaries  are  distended, 
and  the  fibrous  tissue  of  the  lung  is  increased  in  amount.  The  lungs,  on 
opening  the  chest,  do  not  immediately  retract;  they  are  at  first  brownish- 
red  in  color,  but  on  exposure  to  the  air  they  become  livid  from  the  oxi- 


a 


Fig.  257. — Section  of  Lung  Showing  Chalicosis.  ( Schmaus .) 
a.  Collection  of  infiltrated  material  lodged  in  the  pleura,  c.  A capsule  of  fibrous  tissue  has  formed  around 
it.  a'.  Similar  nodule  in  the  lung  tissue.  Other  nodules  are  shown,  b.  Unaffected  pulmonary 
tissue,  c.  Pleura,  g,  g.  Blood-vessel,  around  one  branch  of  which  a nodule  is  forming,  i.  Inter- 
lobular septum,  showing  some  thickening. 

dation  of  the  excessive  quantity  of  hemoglobin;  as  a result  of  the  in- 
crease in  fibrous  tissue  the  organs  are  denser  than  normal,  cutting  and 
tearing  with  considerable  resistance. 

Deposition  of  coloring-matter  is  found  in  other  mucous  membranes, 
where  constant  or  repeated  congestions  occur,  as  in  malaria;  the  intes- 
tinal, gastric,  and  hepatic  tissues  showing  the  change  in  the  highest 
degree. 

Fatty  infiltration  seems  exceedingly  rare,  if  it  ever  occurs,  in  a mu- 
cous surface.  The  author  has  never  seen  it.  It  may  be  present  in  the 
glands  of  the  mucosa. 

Albuminoid  or  amyloid  infiltration,1  when  the  general  disease  is  pres- 
ent, invades  the  mucous  membrane  (submucous  blood-vessels)  of  the 
stomach  and  intestines,  rarely  the  gullet  or  the  air-passages. 

Calcareous  infiltration  is  usually  secondary  to  chronic  inflammatory 
and  necrotic  changes  in  the  submucosa. 

DEGENERATIONS  OF  THE  MUCOUS  MEMBRANES. 

Granular  degeneration,2  or  cloudy  swelling,  occurs  in  the  various 
epithelial  structures  as  the  result  of  infection  of  the  mucosa  or  the  action 

1 See  p.  219. 

2 See  p.  231. 
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of  bacterial  toxins  reaching  the  epithelium  through  the  blood.  The 
condition  has  also  been  attributed  to  high  temperature  and  to  vari- 
ous autointoxications.  The  affected  cells  are  granular,  the  nuclei  ob- 
scured, and  desquamation  hastened.  Granular  degeneration  accom- 
panies necrosis  and  all  forms  of  inflammation  attacking  mucous  mem- 
branes. 

Fatty  degeneration,1  or  fatty  metamorphosis,  representing,  as  it  does, 
a later  stage  of  the  granular  process,  will  be  seen  when  the  latter  condi- 
tion has  persisted  for  a time  with  continuing  or  progressively  increasing 
causes.  It  has  been  noted  in  pernicious  anemia. 

Coagulation  necrosis2  affecting  mucous  membranes  is  not  materially 
different  from  the  same  process  occurring  elsewhere.  It  may  be  in- 


Fig.  258. — Granular  Degener- 
ation (Cloudy  Swelling) 
op  the  Liver  Cells. 

( Schmaus .) 


Fig.  259. — Fatty  Degenera- 
tion of  the  Liver  Cells. 
(Schmaus.) 


Fig.  260. — Granular  Degener- 
ation of  the  Kidney  Epi- 
thelium (Cloudy  Swelling). 
(Schmaus.) 


duced  by  chemic  agents,  such  as  lactic  acid,  and  is  sometimes  due  to 
contact  with  heat.  A similar,  but  probably  not  identical,  process  re- 
sults from  the  action  of  necrosing  poisons,  such  as  strong  alkalies  and 
concentrated  acids.  The  usual  cause  of  coagulation  necrosis,  as  observed 
on  mucous  membranes,  is  infection;  the  most  typical  form  of  the  lesion 
is  observed  in  mucosas  attacked  by  the  diphtheria  bacillus.3  The  typhoid 
ulcer  is  in  part  the  result  of  coagulation  necrosis  affecting  the  patches 
of  Peyer.  The  streptococcus,  pneumococcus,  and  sometimes  other 
infections  give  rise  to  this  form  of  necrosis. 

Morbid  Anatomy. — On  the  mucosae,  particularly  that  of  the  pharynx, 
coagulation  necrosis  may  be  restricted  to  an  exudate  forming  on  the 
surface,  constituting  what  is  sometimes  called  a false  membrane.  In 
the  presence  of  more  intense  irritation,  as  by  diphtheria  bacilli  of  rela- 
tively high  virulence,  the  necrosis  extends  into  the  submucosa  or  occa- 
sionally deeper.  Histologically  the  structure  is  composed  of  a matrix 
in  which  fibrin  is  often  conspicuous;  epithelial  cells  and  leukocytes  are 
commonly  abundant.  Where  the  lesion  extends  into  the  submucosa, 
separation  of  the  necrotic  material  results  in  the  formation  of  an  ulcer, 
the  size  of  which  corresponds  to  the  extent  of  the  necrotic  process. 
The  condition  is  most  frequent  in  the  pharynx,  and  in  pseudomem- 
branous inflammation  of  the  larynx,  trachea,  and  bronchi;  it  also  occurs 
in  certain  infections  of  the  intestine. 

1 See  p.  232. 

2 See  p.  243. 

3 See  p.  88  and  examine  Fig.  29,  p.  91. 
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INFLAMMATION  OF  THE  MUCOUS  MEMBRANES. 

There  is  probably  no  tissue  in  the  body  so  prone  to  inflammatory 
processes  as  the  mucous  membranes,  and  since  these  inflammations  occur 
as  the  result  of  many  and  complex  causes,  and  are  modified  by  the  char- 
acter of  the  membrane,  as  well  as  by  its  function  and  by  the  cause,  to 
describe  each  anatomic  and  etiologic  form  would  require  more  space  than 
is  allotted  to  the  present  volume.  For  convenience  of  description  the  in- 
flammations are  divided  into  the  catarrhal,  pseudomembranous,  hemor- 
rhagic, gangrenous,  suppurative,  and  chronic  infectious. 

Catarrhal  inflammation  of  the  mucous  membranes  may  be  acute 
or  chronic.  The  former  is  usually  of  brief  duration  and,  unless  excep- 
tionally severe,  does  no  irreparable  damage  to  the  affected  mucosa. 
The  chronic  process  is  of  indefinite  duration,  usually  begins  in  the  acute 
or  a succession  of  acute  attacks,  or,  in  some  cases,  insidiously.  If  at 
all  intense  or  prolonged,  as  is  usually  the  case,  permanent  changes  are 
produced  in  the  tissues  involved. 

Acute  catarrhal  inflammation  arises  as  a result  of  many  complex 
causes  applied  from  without  or  exerting  their  influence  from  the  cir- 
culatory side  of  the  membrane.  The  process  is  practically  always  a 
manifestation  of  infection,  although  predisposition  has  no  little  influence 
in  determining  the  character,  duration,  and  other  essential  phenomena 
of  the  lesions.  White,1  Benham2  and  others  believe  that  common  colds 
may,  in  some  epidemics,  be  specific  infections.  Nearly  all  the  acute 
infectious  diseases — such  as  measles,  scarlet  fever,  typhus  fever,  diphtheria, 
etc. — are  accompanied  by,  or  may  incite,  a catarrhal  inflammation  of  one 
or  more  mucous  surfaces;  the  same  is  true  of  the  chronic  infections,  such 
as  tuberculosis  and  syphilis,  wThen  they  affect  a mucous  membrane. 

The  application  of  other  irritants  to  the  mucous  surface  is,  next 
to  infection,  the  most  common  cause,  and  embraces  a multitude  of 
subcauses:  e.  g.,  foreign  bodies;  contact  of  the  mucosa  with  heat,  in 
the  form  of  hot  air,  steam,  or  a liquid  such  as  hot  water;  irritant  gases, 
as  chlorin,  bromin,  ammonia,  sulphurous  acid;  poisons,  such  as  escha- 
rotics  like  the  mineral  acids,  arsenic,  etc.,  in  dilutions  too  weak  actually 
to  induce  necrosis  of  the  surfaces  with  which  they  come  in  contact. 
Inflammatory  conditions  in  the  mucosae  may  also  arise  from  irritants  due 
to  chemic  changes  in  foods,  whether  the  irritant  be  preformed  when 
the  food  is  taken  or  develop  subsequently  by  fermentation  or  other 
change;  as  examples  of  these  may  be  mentioned  ptomain  poisoning 
and  gastric  catarrh  due  to  the  ingestion  of  decomposing  or  fermenting 
foods.  Alcohol  is  also  a cause. 

While  rapid  thermic  and  barometric  changes  and  excessive  humid- 
ity are  alleged  causes,  they  probably  act  by  altering  the  secretion  or 
circulation,  or  both,  thereby  lessening  the  normal  resistance  to  infec- 
tion; it  is  not  improbable  that  many  of  the  previously  given  causes 
act  in  a similar  manner.  Pure  mycoses  of  the  mucous  surfaces  may  in- 
cite a catarrhal  inflammation,  often  violent  in  character;  as  an  example 
of  mycotic  infection,  apparently  restricted  to  the  mucous  membrane, 
thrush  is  most  frequently  cited.  Bright’s  disease,  rheumatism,  gout, 
and  allied  diseases  may  be  causes  or  predisposing  factors.  The  young 

1 Catarrhal  Fevers,  Commonly  Called  Colds;  Their  Causes,  Consequences,  Control, 
and  Cure,  London,  1906. 

2 Brit.  Med.  Jour.,  Nov.  6,  1909,  p.  1338. 
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and  the  aged,  more  than  those  in  middle  life,  seem  susceptible  to  dis- 
eases of  the  mucous  membranes. 

The  foregoing  is  intended  to  indicate  types  of  causes  of  mucous 
membrane  inflammation,  and  is  in  no  way  a catalogue  of  the  possible 
etiologic  factors.  The  same  cause  rarely  gives  rise  to  inflammation  of  a 
number  of  mucosas  simultaneously,  although  it  may  do  so.  It  has  been 
demonstrated  that  the  pneumococcus  may  produce  conjunctivitis, 
rhinitis,  pharyngitis,  tracheitis,  bronchitis,  and  pneumonia,  and  also 
that  it  may  attack  the  alimentary  mucosa,  endometrium,  and  Fallopian 
tubes.  As  a rule,  however,  it  affects,  at  one  time,  continuous  mucous  mem- 
branes only.  Another  fact  to  be  borne  in  mind  in  connection  with  catar- 
rhal inflammations  is  that,  no  matter  what  the  type  of  inflammatory 
lesion  affecting  a mucous  membrane,  there  is  practically  always  an  asso- 
ciated catarrhal  process.  Typhoid,  cholera,  and  dysentery  frequently 
induce  other  lesions,  but  a catarrhal  inflammation  of  the  intestinal 
mucosa  is  essentially  always  present.  In  the  pharynx  and  larynx,  less 
frequently  in  the  nose,  the  diphtheria  bacillus  is  capable  of  producing 
extensive  necrosis,  false  membrane,  even  hemorrhagic  inflammation,  but 
with  all  of  these  a varying  degree  of  catarrh  occurs. 

Morbid  Anatomy. — In  acute  catarrhal  inflammation  of  any  mucous 
membrane,  it  is  practically  always  possible  to  recognize  three  stages; 
in  the  first,  sometimes  called  the  dry.  stage,  or  stage  of  hyperemia,  the 
secretion  is  lessened;  in  the  second,  known  as  the  exudative  stage,  the 
discharge  from  the  mucosa  is  more  abundant  than  normal,  a peculiarity 
justifying  the  name  acute  catarrh,  sometimes  used  for  the  process;  the 
third  stage,  in  favorable  cases,  constitutes  the  period  in  which  regenera- 
tion and  restoration  to  the  normal  occur. 

In  the  first  stage  of  the  inflammation  the  surface  is  dry,  or  is  lightly 
covered  by  a thick,  sticky,  adherent  mucus;  during  life  hyperemia  is 
shown  by  the  intense  redness,  which,  in  violent  cases,  may  assume  a dusky 
red;  a little  later  is  added  evident  submucous  edema,  due  to  the  hyperemia 
and  progressing  exudation  of  serum  in  the  submucosa.  The  histologic 
changes  of  this  stage  are  engorgement  of  the  submucous  vessels  and 
infiltration  of  the  submucosa  with  serum  and  leukocytes;  the  epithelium 
is  cloudy  and  swollen,  and  beginning  desquamation  is  usually  evident. 
The  morbid  physiology  is  shown  in  excessive  dryness,  giving  rise,  in 
the  vocal  organs,  to  the  husky,  rough  voice  or  to  a cough;  in  the  nose,  to 
the  “ stopped-up  ” feeling,  which  is  intensified  by  the  erectile  tissue  becom- 
ing far  more  distended  by  blood  than  is  possible  in  mucosas  containing 
no  such  structure;  in  the  stomach,  the  absence  of  secretion  causes  anorexia 
and  nausea,  and  in  the  intestines,  constipation. 

Immediately  following  the  first  or  dry  stage — which  may  be  brief 
or  unusually  prolonged,  rarely  the  latter — an  abundant  discharge  from 
the  affected  mucosa  occurs.  The  epithelial  cells  desquamate  with  the 
greatest  rapidity,  and  the  surface,  instead  of  being  dry  and  sticky,  becomes 
flooded  with  mucus.  The  rapidly  exfoliating  cells  undergo  granular 
and  fatty  degeneration,  necrosis,  and  desquamation  with  such  prompt- 
ness that  the  special  secretion  of  the  part  is  not  elaborated:  e.  g.,  in  the 
stomach,  pepsin  production  is  arrested;  in  the  salivary  glands,  there  is 
a lessened  output  of  digestive  ferment,  and  the  production  of  mucus  is 
excessive.  The  mucous  membrane  may  fail  to  produce,  even  in  small 
quantities,  the  agent  which  normally  it  is  the  function  of  the  mucosa  to 
elaborate;  the  apepsia  of  gastritis  may  be  taken  as  illustrating  this 
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functional  inadequacy  of  an  inflamed  mucous  membrane.  The  inflam- 
matory discharge  is  composed  of  the  debris  resulting  from  necrosis  and 
consequent  fragmentation  of  the  epithelium,  a varying  quantity  of  serum, 
epithelial  cells,  free  nuclei,  and  leukocytes;  more  or  less  of  the  serum  in- 
filtrating the  submucosa  passes  through  the  basement  membrane,  and 
may  be  sufficient  in  quantity  to  justify  calling  the  inflammation  serous; 
in  very  severe  cases  many  red  blood-corpuscles  escape. 

The  patient  is  usually  relieved,  the  submucous  circulation  being 
re-established  and  the  perivascular  exudate  finding  some  exit  by  the 
surface  and  the  lymphatics.  If  the  cause  be  now  withdrawn,  the  cir- 
culation gradually  returns  to  the  normal,  absorption  of  the  submucous 
exudate  is  completed,  and  restoration  of  the  epithelial  covering  from 
the  genetic  layer  of  the  basement  membrane  gradually  takes  place. 
Ulceration  rarely  occurs.  The  basement  membrane  is  probably  never 
destroyed  by  a simple  catarrhal  process;  when  such  destruction  results, 
it  is  most  likely  that,  during  the  hyperemic  stage,  stasis  occurred  in  some 
of  the  vascular  twigs  and  by  the  occurrence  of  coagulation  necrosis  in  the 
affected  area,  an  ulcer  resulted. 

Restoration  of  the  mucosa  is  usually  complete  and  the  return  of 
function  is  satisfactory.  It  is  generally  maintained  that  a mucous 
membrane  once  subjected  to  a catarrhal  disturbance  is  rendered  more 
susceptible  to  subsequent  attacks.  In  some  cases,  the  cause  continuing 
to  act,  the  process  is  gradually  converted  into  a chronic  catarrh;  in  other 
instances  rapidly  repeated  acute  inflammations  induce  structural  altera- 
tions in  the  mucosa  and  lay  the  foundation  for  a more  chronic  lesion. 

Chronic  catarrhal  inflammation  of  a mucous  membrane  results  from 
continuance  of  the  acute  condition  or  eventually  persists  after  a succession 
of  acute  attacks.  The  chronic  inflammations  are  due  to  causes  which 
persist — practically  always  infections— and  are  rendered  possible  by 
antecedent  or  concurrent  conditions,  influencing  the  mucosa  locally 
or  lessening  the  bacteriolytic  and  allied  properties  of  the  body-juices: 
e.  g.,  the  slowed  circulation  of  chronic  heart  disease,  the  vascular  and 
blood  changes  of  Bright’s  disease,  gout,  rheumatism,  malaria,  chronic 
alcoholism,  etc.,  by  weakening  the  resistance  of  the  mucosae,  favor  re- 
peated attacks  of  infection  or  the  persistence  of  a single  attack  once 
developed.  The  continued  presence  of  nonbacterial  irritants  also  exerts 
a deleterious  influence  on  the  affected  tissue  and  impedes  the  processes 
by  which  infection  is  combated  and  restitution  of  the  normal  accomplished. 
Such  influences  are  shown  in  the  chronic  nasal  catarrhs  associated  with 
the  presence  of  foreign  bodies;  constant  exposure  to  irritating  dusts  and 
fumes  is  attended  by  similar  consequences.  Repeated  libations  also 
weaken  the  mucous  membrane. 

Morbid  Anatomy. — The  continued  infiltration  of  the  submucosa  with 
leukocytes  and  serum  leads  to  permanent  alterations  in  tissue.  Pro- 
liferation of  the  fixed  connective-tissue  cells  gives  rise  to  fibrous  tissue, 
which,  at  first,  is  cellular,  and  often  edematous  but  later  the  cells  become 
less  abundant  and  contraction  occurs.  These  changes  alter  the  nutrition 
of  the  submucosa,  lessen  its  blood-supply,  and  exert  a deleterious  influence 
on  the  over-lying  epithelium.  During  the  earlier  stages  the  superabun- 
dance of  the  submucous  inflammatory  products  gives  the  membrane  an  ap- 
pearance of  thickening,  and  is  often  spoken  of  as  an  evidence  of  hypertrophy, 
or  the  .nflammation  is  said  to  be  hypertrophic;  the  persistent  softened  condi- 
tion of  the  tube  may  favor  dilatation  in  this  stage.  Occasionally,  from 
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obstruction  of  ducts,  mucous  glands  and  follicles — as  in  the  mouth, 
pharynx,  and  trachea — become  distended  and  conspicuous.  The  prom- 
inence of  these  structures  has  given  to  the  process  the  name  follicular 
inflammation.  In  other  cases  the  lymphoid  tissue  is  the  seat  of  important 
alterations;  the  lymph-sinuses  are  distended,  the  endothelial  cells  prolif- 
erate, and  an  accumulation  of  leukocytes  in  the  interior  of  the  nodule 
occurs.  As  a result  of  these  changes  the  lymphoid  follicle  enlarges  and 
may  often  be  recognized  as  a distinct,  slightly  indurated,  or- soft  node  in 
the  affected  mucosa.  Failure  on  the  part  of  the  earlier  observers  to  differ- 
entiate between  the  enlarged  lymphoid  follicles  and  the  distended  mucous 
glands  resulted  in  both  processes  being  called  follicular  inflammations. 

jr  h 
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Fig.  261. — Section  of  Wall  of  Bronchus;  Chronic  Bronchitis. 

Specimen  hardened  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin, 
and  mounted  in  balsam.  ( From  slide  prepared  by  Professor  Harris.)  a.  Diagrammatic  representa- 
tion of  the  normal  cylindric  cells  arranged  as  in  health,  b.  The  line  runs  just  under  the  membrana 
propria  into  a mass  of  newly  formed  fibrous  tissue,  which  extends  downward  to  c.  Just  beyond  the 
line  from  c are  several  blood-vessels  distended  by  blood,  d.  Mucous  gland  surrounded  by  considerable 
fibroid  thickening  of  the  submucosa,  e.  Cartilage.  /.  Distended  blood-vessel,  g.  Part  of  the  chron- 
ically inflamed  mucosa,  showing  inflammatory  exudate  and  progressive  fibrosis  of  the  submucosa. 
The  normal  cylindric  cells  that  should  cover  the  area  have  desquamated,  and  those  remaining  are 
imperfectly  formed  and  desquamating.  To  the  left  of  the  lower  end  of  the  line  from  g (1 .5  cm.)  is  a 
depression  which  marks  the  exit  point  of  a duct  from  one  of  the  mucous  glands,  li.  Denuded  surface 
of  the  mucosa.  Under  this  point  the  more  recent  inflammatory  changes  are  less  marked  than  at  g. 
(J-inch  objective;  i-inch  ocular.) 


As  the  inflammatory  process  advances — grows  older — contraction 
of  the  newly  formed  submucous  tissue  ensues,  leading  to  lessened  blood- 
supply  to  the  surface  and  to  faulty  or  perverted  function  of  the  mucous 
membrane,  associated  with  thinning — an-  atrophy,  giving  the  present 
stage  the  name  atrophic  inflammation;  the  absence  of,  or  diminution  in, 
secretion  justifies  the  name  dry  catarrh,  sometimes  given  to  the  affec- 
tion. The  hypertrophic  and  atrophic  stages  of  the  inflammation  may  be 
seen  in  the  same  subject  at  the  same  time,  or  the  atrophy  may  be  ob- 
served to  follow  the  chronic  inflammation  without  the  development 
of  very  marked  thickening,  contraction  exceeding  in  rapidity  the  process 
of  infiltration.  Whatever  may  have  been  the  cause  of  the  inflammation, 
the  bacteria  of  decomposition  find  lodgment  in  the  dry  and  slowly  removed 
secretion,  and  fetid,  no  doubt  toxic,  products  are  developed.  This  is 
illustrated  in  ozena  and  in  neglected  chronic  inflammations  of  the  ear. 

Catarrhal  inflammation  may  occur  on  any  mucous  membrane.  Of 
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course,  the  accident  of  location  gives  rise  to  differences  in  the  character 
of  the  lesion,  but  the  essential  phenomena  are  nothing  more  than  variations 
of  the  stages  and  processes  indicated.  The  site  and  name  for  some  of  the 
accompanying  catarrhal  processes  are  as  follows:  Nose,  rhinitis;  mouth, 
stomatitis;  tongue,  glossitis;  tonsils,  tonsillitis;  pharynx,  pharyngitis; 
trachea,  trachitis  or  tracheitis;  bronchus  or  bronchi,  bronchitis;  in  the 
capillary  bronchi  and  the  air  vesicles,  catarrhal  pneumonia  (a  condition 
in  which  the  catarrhal  inflammation  differs  from  that  observed  in  other 
localities  in  the  tendency  to  accumulation,  in  changes  in  the  inflamma- 
tory products,  and  in  other  phenomena,  which  demand  that  the  process 
be  considered  more  in  detail,  as  will  be  done  when  the  forms  of  pneu- 
monia are  described) ; esophagus,  esophagitis;  stomach,  gastritis,  or,  on 
account  of  the  altered  secretion  and  consequent  symptoms  of  indigestion, 
dyspepsia;  ileum,  ileitis;  colon,  colitis;  ileum  and  colon,  ileocolitis;  rectum 
and  mucous  surface  of  the  anus,  proctitis;  urethra,  rirethritis  (when  due 
to  the  gonococcus  and  involving  the  urethra,  the  process  is  called  gonor- 
rhea; the  same  cause  acting  on  other  mucosae  produces  what  is  termed 
gonorrheal  inflammation) ; bladder,  cystitis;  ureter,  ureteritis;  pelvis  of 
the  ureter,  pyelitis;  gall-bladder,  cholecystitis;  biliary  ducts,  cholangitis. 
Catarrhal  inflammation  occurs,  no  doubt,  in  the  hepatic  structure,  but 
here,  as  in  the  lung  and  kidney,  other  associated  phenomena  require  that 
the  condition  be  considered  separately. 


Fig.  262. — Margin  of  Pseudomembrane  from  Tonsil,  Case  of  Diphtheria. 

A,  A.  Diphtheria  bacilli;  the  pointer  from  the  lower  A ends  in  an  area  of  granular  material.  B.  Cocci. 
C.  Strands  of  fibrin.  The  cellular  elements  present  are  squamous  epithelium,  and  polymorphonuclear 
and  hyaline  leukocytes. 


Pseudomembranous,  Fibrinous,  Plastic,  or  Croupous  Inflammation. 

— Of  the  many  names  given  to  this  condition,  the  first-mentioned  is 
preferable.  The  process  consists  of  an  inflammation,  attended  by  the 
development,  external  to  the  membrana  propria,  of  a false  or  pseudo- 
membrane composed  of  a solid  or  semisolid  matrix  and  entangled  cell 
elements. 

Causes. — That  pseudomembranous  inflammations  can  be  induced 
without  the  intervention  of  bacteria  is  established,  but  that  such  is  often 
the  case  is  extremely  doubtful.  Heat,  irritant  gases,  such  as  chlorin  and 
ammonia,  escharotics  which  do  not  destroy  the  basement  membrane,  and 
allied  agents,  may  possibly  give  rise  to  inflammations  attended  by  the 
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development  of  false  membrane.  The  local  application  of  lactic  acid 
and  a few  other  medicaments  are  sometimes  followed  by  pseudomembrane 
formation.  Of  the  many  microbic  causes,  a few  are  established  and  de- 
serve special  mention.  In  the  nose,  pharynx,  and  air-passages  the  process 
is  usually  due  to  the  diphtheria  bacillus,1  less  frequently  to  the  strepto- 
coccus,2 and  occasionally  to  the  pneumococcus.3  Cases  of  pseudomem- 
branous inflammation  have  been  observed  in  which  the  bacillus  of  Fried- 
lander4  was  the  only  organism  present.  The  pyogenic  staphylococci5 
are  rarely  the  cause.  Among  the  less  frequent  organisms  may  be  men- 
tioned the  influenza  bacillus,6  the  colon  bacillus,7  typhoid  bacillus,8 
and  the  bacillus  of  dysentery.9  The  ulceromembranous  stomatitis  or 
angina  of  Vincent10  is  sometimes  attended  by  the  formation  of  pseudo- 
membrane. Investigation  into  the  cause  of  pseudomembranous  rhinitis, 
which  often  lasts  for  months,  has  demonstrated,  in  a large  percentage 
of  cases,  the  presence  of  the  Bacillus  diphtheriae.  It  would,  therefore, 
appear  that  the  chronic  as  well  as  the  acute  pseudomembranous  inflam- 
mations are  frequently  due  to  the  Klebs-Loffler  bacillus.  Pseudomem- 
branous inflammation  of  the  intestine  has  been  observed  in  pyemia  and 
allied  septic  conditions;  also  in  pneumonia  and  typhoid  fever,  as  well  as 
in  Bright’s  disease,  cirrhosis  of  the  liver,  and  cancer.  A pseudomem- 
branous bronchitis11  sometimes  accompanies  pulmonary  tuberculosis  and 
occasionally  arises  independent  of  any  known  cause;  it  is  probably  always 
of  bacterial  origin. 

Morbid  Anatomy. — Two  forms  are  recognized — an  acute  and  a chronic; 
so  far  as  known,  the  histology  and  process  of  development  differ  only  in 
that  the  chronic  form  occupies  more  time.  Of  necessity,  the  process 
begins  as  a catarrhal  inflammation,  with  hyperemia  and  infiltration  of  the 
submucosa;  liquor  sanguinis  passes  through  the  basement  membrane, 
and,  reaching  the  surface,  the  necessary  ferment  is  supplied  by  the  bacteria 
or  the  epithelial  cells  (probably- the  latter,  as  bacteria  may  be  introduced 
into  the  circulation  of  an  animal  without  immediate  coagulation  of  the 
blood),  and  coagulation  occurs.  Sometimes  the  membrane  contains  a 
few  red  blood-cells,  which  occasionally  are  sufficiently  numerous  percep- 
tibly to  tinge  the  exudate;  rarely  hemorrhage  into  the  membrane  is  con- 
spicuous. That  all  pseudomembranous  processes  are  due  to  the  deposi- 
tion of  a fibrin-forming  body  has  been  strongly  controverted.  Wagner 
contended  that  the  pseudomembrane  results  from  a fibrinous  or  croupous 
metamorphosis  of  the  epithelium  associated  with  degenerative  changes  in 
the  cell  nuclei.  As  Baumgarten12  has  shown,  the  changes  described  by 
Wagner  are  frequently  easily  detected,  and  it  may  be  possible  that  some 
of  the  membranes  are  formed  in  the  way  suggested.  It  has  also  been 
shown  that  the  membrane  may  contain  mucin,  and  that  it  often  fails  to 
give  the  characteristic  stain  reaction  of  fibrin  (p.  244).  It  must  not  be 
forgotten  that  on  various  mucosae  rapid  alteration  in  the  fibrin  may  occur, 
and  that  digestive,  autolytic,  or  like  changes  may  rob  it  of  its  specific 
stain  reactions.  The  fact  that  mucin  is  present  in  the  membrane  is  not 
astonishing  when  the  frequent  entanglement  of  epithelial  cells  containing 

I See  p.  88.  2 See  p.  86.  3 See  p.  80.  4 See  p.  98.  5 See  p.  84. 

6 See  p.  97.  7 See  p.  108.  8 See  p.  1 10.  9 See  p.  1 14.  10  See  p.  1 56. 

II  A figure  illustrating  this  condition  will  be  found  in  the  article  on  Pulmonary 
Tuberculosis. 

12  The  essential  facts  concerning  this  process  may  be  gleaned  from  Baumgarten’s 
paper,  in  the  Berl.  klin.  Woch.,  1897. 
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this  body  is  considered.  Still,  it  must  be  admitted  that,  with  the  tests  at 
our  disposal,  membranes  apparently  mucigenous  and  failing  to  give  the 
fibrin  reactions  often  occur;  that  fibrin  had  no  part  in  their  formation  is 
not  so  easily  established. 

The  membrane  may  be  fibrillar — that  is,  the  fibrin  coagulated  in 
fibrillae,  or  branching  lines — or  the  result  of  the  coagulation  may  be  a hya- 
line, homogeneous  film,  almost,  if  not  quite,  imperceptible.  If  the  exudate 


Fig.  263. — Vertical  Section  through  the  Pseudomembrane  and  Part  of  the  Wall  of  the  Larynx 

in  Pseudomembranous  Laryngitis.  ( Schmaus .) 

a.  Cartilage,  b.  Submucosa,  rich  in  glandular  elements,  also  swollen  and  with  some  lymphoid-cell  exu- 
date. c.  Line  of  the  membrana  propria,  d.  Pseudomembrane  made  up  of  fibrinous  elements,  in 
which  are  entangled  leukocytes  and  desquamated  fragmented  epithelial  cells,  e,  e.  Gland-duct. 

be  fibrillar,  the  membrane  is  clearly  discernible  during  life ; if  hyaline,  it  may 
be  quite  invisible,  even  in  the  throat.  Intermediate  between  the  fibrillar 
and  hyaline  forms  of  the  membrane  is  a finely  granular  deposit,  resem- 
bling to  a certain  extent  fragmented  cells  rather  than  a distinct  fibrinous 
product.  The  hyaline  and  granular  forms  of  the  membrane — particularly 
the  hyaline — resemble  in  stain  reactions  similar  mucin-containing  struc- 
tures. The  membrane  may  be  laminated,  especially  in  chronic  cases; 
two,  three,  or  even  four  distinct  layers  may  be  shown  on  section.  Some- 
times these  layers  do  not  adhere  to  one  another  and  may  be  separated 
or  separable;  the  lamination  is  probably  due  to  a layer  of  membrane 
forming,  followed  by  a pause,  during  which  a small  quantity  of  mucus 
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accumulates  below,  and  then  a second  layer  of  membrane  forms  and 
another  layer  of  semiliquid  exudate,  and  so  on,  until  the  cavity  is  freed 
of,  or  is  filled  by,  the  rapidly  forming  mass. 

Occasionally,  a rather  extraordinary  periodicity  is  observed  in  the 
appearance  of  the  membrane;  this  is  especally  true  of  the  chronic  form, 
in  which,  exclusive  of  the  pseudomembranous  processes  that  may  accom- 
pany menstruation,  the  membrane  appears  once  each  week,  once  each 
month,  or  at  other  stated  intervals.  Its  appearance  may  be  attended 


Fig.  264. — Fibrinous  Cast  from  the  Bronchi,  Case  of  Croupous  Pneumonia.1  ( Schmaus .) 


by  fever  or  other  symptoms;  in  the  acute  pseudomembranous  inflamma- 
tions this  always  occurs,  but  in  the  chronic  types  no  symptoms,  except 
the  expulsion  of  the  membrane,  may  precede,  accompany,  or  follow  its 
formation.  Exfoliation  or  casting-off  of  the  membrane  may  occur  as 
rapidly  as  it  forms,  or  it  may  remain  and  be  pushed  off  by  developing 
mucus  or  continued  functional  activity.  When  removed,  the  surface  of 
the  basement  membrane  is  exposed;  but  that  tissue  is  not  destroyed, 
and  the  pseudomembrane  may  be  immediately  reproduced,  or,  if  the 
process  be  in  a condition  to  terminate — the  cause  withdrawn — a catarrhal 

1 Pneumonia  is  not  a frequent  cause  of  fibrinous  bronchitis. 
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inflammation  of  the  mucous  surface  ensues,  and  recovery  follows  exactly 
as  in  simple  acute  catarrhal  inflammations.  In  chronic  cases  the  tend- 
ency to  recurrence  of  the  process  is  manifested  by  repeated  attacks,  as 
in  membranous  endometritis,  relapsing  fibrinous  bronchitis,  and  mem- 
branous proctitis.  Of  the  chronic  form  occurring  in  the  bronchi  Osier 
says,  “We  know  of  nothing  which  can  prevent  recurrent  attacks.” 

Sites. — There  is  no  anatomic  reason  why  pseudomembrane  should 
not  occur  wherever  catarrhal  inflammation  may  develop.  The  acute 
pseudomembranous  process  is  most  frequent  in  the  larynx,  throat  and 
nose,  intestine,  rectum,  and  middle  ear,  in  the  order  named;  the  chronic 
form  is  most  common  in  the  uterus,  rectum,  bronchi,  nose,  and  intestine, 
in  the  order  given. 

Hemorrhagic  inflammation  of  mucous  membranes  is  relatively  rare. 
It  accompanies  intense  infective  processes  and  may  be  regarded  as  a 
manifestation  of  infection  by  intensely  virulent  bacteria  or  as  the  result  of 
lowered  resistance  on  the  part  of  the  patient.  The  condition  probably  does 
not  merit  a separate  consideration,  as  it  is  nothing  more  than  one  of  the 
previously  described  processes,  or  of  gangrenous  inflammation,  accompanied 
by  the  presence  of  hemorrhage.  Inflammations  of  this  character  may 
accompany  diphtheria  and  diphtheroid  anginas  and  the  throat  lesions  of 
scarlet  fever.  It  is  also  one  of  the  conspicuous  manifestations  of  dysentery. 
Inflammation  of  this  type  is  observed  in  mucous  membrane  lesions  that 
sometimes  accompany  acute  septic  processes  such  as  puerperal  fever  and 
other  forms  of  septicemia  and  also  pyemia.  In  some  cases  of  peritonitis, 
especially  the  fulminating  septic  form,  an  associated  hemorrhagic  in- 
flammation of  the  colon,  and,  less  frequently,  of  the  small  intestine  and 
bladder,  is  sometimes  observed.  Inflammation  attended  by  capillary 
hemorrhage  may  follow  the  application  of  escharotics  and  sometimes 
accompanies  certain  types  of  poisoning;  hemorrhagic  gastritis  due  to 
arsenic,  carbolic  acid,  and  other  irritant  poisons  belongs  with  this  group. 
The  condition  is  to  be  differentiated  from  hemorrhage  due  to  erosion, 
necrosis,  or  other  lesion  involving  an  artery  or  vein.  In  the  latter  group 
of  cases,  which  includes  bronchopulmonary  hemorrhage,  bleeding  from 
gastric  and  typhoid  tdcers,  and  allied  conditions,  the  hemorrhage  is  from 
a vessel  of  some  size;  in  the  hemorrhagic  inflammations  the  quantity  of 
blood  is  rarely  large  and  is  derived  from  capillaries,  the  walls  of  which  have 
been  injured  by  the  toxic  agent  to  which  the  associated  inflammatory 
process  is  due. 

Morbid  Anatomy. — As  already  stated,  hemorrhagic  inflammation  is 
usually  a complication ; the  affected  tissues  manifest  the  histologic  changes 
of  catarrhal,  pseudomembranous,  or  gangrenous  inflammations,  and,  in 
addition,  are  infiltrated  by  erythrocytes  extravasated  from  the  injured 
capillaries.  The  affected  membrane  is  blood-stained,  the  color  varying 
from  a pinkish-red  to  a dark  crimson  and  in  some  cases  purple  or  purplish- 
black.  The  surface  is  often  strewn  with  small  shreddy  coagula,  and 
similar  bodies  are  also  present  in  the  discharges.  The  hemorrhage  is  rarely 
abundant,  although  I recall  an  instance  of  hemorrhagic  enterocolitis, 
due  to  combined  puerperal  sepsis  and  poisoning  by  intrauterine  mercurial 
douches,  in  which  the  stools  indicated  large  hemorrhages  and  led  to  the 
suspicion  of  typhoid  ulceration.  At  the  autopsy  the  intestine  was  dis- 
tended by  almost  pure  blood,  although  at  no  point  could  any  alteration 
resembling  an  ucler  be  detected.  Histologically  the  changes  of  pseudo- 
membranous, or  more  commonly  gangrenous,  inflammation  are  present. 
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Erythrocytes  in  all  stages  of  necrosis  are  irregularly  scattered  through  the 
affected  tissue.  At  points  the  microscopic  hemorrhages  are  around  or 
adjacent  to  capillaries,  in  some  of  which  ruptures  may  be  discerned. 
Usually  the  process  is  diffuse,  although  occasionally  it  is  singularly  punc- 
tate. In  other  cases  the  diffuse  and  punctate  forms  occur  together, 
giving  rise  to  a reddened  mucosa  in  which  numerous  hemorrhages  may  be 
observed.  In  exceptional  instances  large  ecchymotic  spots  and  sub- 
mucous infiltration  by  blood  are  coincident.  When  associated  with 
catarrhal  or  pseudomembranous  inflammations,  extending  necrosis  gives 
rise  to  changes  indistinguishable  from  those  seen  in  the  type  of  inflam- 


Fig.  265. — Hemorrhagic  Colitis.  (Colon  of  a dog;  colchicum  poisoning  of  twelve  hours’  duration.) 

(Harris.) 

a.  Mucosa,  b.  Muscularis  mucosae,  c.  Submucosa,  d.  and  e.  Muscle  layers  of  the  intestine.  /.  Blood 
between  the  gland  crypts,  g.  Altered  epithelium  of  crypt.  The  upper  leader  from  a terminates  in  a 
layer  of  necrotic  mucosa.  The  blood  also  occupies  some  of  the  crypts,  the  epithelium  of  all  of  which  is 
necrotic.  The  submucosa  is  swollen. 


mation  commonly  called  gangrenous.  It  is  possible,  although  not 
probable,  that  when  small  areas  are  affected  the  blood  may  be  removed 
without  destruction  of  the  involved  mucosa. 

Hemorrhagic  inflammation  affects  particularly  the  colon  (dysentery), 
pharynx,  mouth,  and  nasal  cavities;  occasionally  inflammations  of  the 
endometrium,  bladder,  urethra,  and  rectum  are  of  this  type.  In  toxic 
gastritis,  and  in  the  stomach  lesions  accompanying  some  infectious 
diseases  (yellow  fever),  the  changes  in  the  gastric  mucosa  are  essentially 
hemorrhagic.  In  the  hemorrhagic  septicemias  of  man  and  lower  ani- 
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mals  the  lesions  occurring  in  the  mucosae  are  of  this  type.  The  condi- 
tion may  readily  be  produced  by  toxic  doses  of  colchicum  (see  Fig.  265). 

Inflammations  Attended  by  Distinct  Necrosis  of  the  Mucous  Mem- 
brane.— In  some  cases  of  catarrhal  inflammation,  and  when  pseudo- 
membrane is  formed,  particularly  in  the  latter  instance,  more  or  less  necro- 
sis restricted  to  the  epithelial  layer  is  usually  present.  The  conditions  at 


A 1 1 


Fig.  266. — Uterus,  Case  of  Septic  Endometritis  with  Extensive  Necrosis  of  the  Endometrium 
and  Myometrium,  due  to  Postpartum  Infection.  The  Organ  Has  Been  Laid  Open  by  Incision 

THROUGH  THE  ANTERIOR  WALL. 

A.  Scale,  i inch.  B,B,B.  Cavities  formed  by  extensive  necrosis.  C.  Necrotic  zone  that,  on  its  inner  sur- 
face, projects  as  a shaggy  fragmenting  stratum  and  externally  is  bounded  by  D,  the  line  of  hyperemia 
and  leukocytic  accumulation.  (See  Fig.  267.)  E.  Muscle  layer  not  presenting  any  conspicuous  gross 
lesion.  F.  Peritoneal  surface;  early  stage  of  serofibrinous  inflammation  (the  block  of  tissue  from  which 
the  microscopic  drawing,  Fig.  267,  was  prepared  was  taken  from  just  above  this  point).  G.  Throm- 
bosed sinus. 


present  under  consideration  differ  from  the  preceding  in  the  fact  that 
tissue  death  extends  deeper,  involving  the  basement  membrane,  and 
frequently  the  submucosa.  No  little  confusion  exists  as  to  the  name 
which  should  be  applied  to  the  group  of  processes  in  which  this  change  is 
observed.  As  the  condition  is  commonly  a manifestation  of  diphtheria,  it 
was  at  one  time  known  as  diphtheritic  inflammation.  This  term  was 
utilized  to  differentiate  diphtheria  from  croup,  the  prevailing  belief 
being  that  they  were  distinct  diseases.  It  is  now  known  that  the  Bacillus 
36 
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Fig.  267. — Uterus,  Section  from  Specimen 
Shown  in  Fig.  266.  (Fixed  in  Zenker’s 
fluid;  paraffin,  eosin,  toluidin  blue.  Obj. 
Leitz  16  mm.,  compensation  oc.,  and  re- 
duced two-thirds.) 

A . Above  this  point  is  the  necrotic  layer  con- 
sisting of  granular  detritus  containing 
enormous  numbers  of  bacteria,  fragment- 
ing histologic  elements,  and  leukocytes. 
B.  From  A to  B is  the  zone  of  hyperemia, 
leukocytic  invasion,  and  progressive  my- 
cotic infiltration.  Numerous  uterine  sin- 
uses as  well  as  arteries  are  shown  all 
occupied  by  thrombi.  C.  From  B to  C 
muscle  showing  coagulation  necrosis.  This 
part  of  the  section  is  only  a narrow  rim  of 
the  actual  muscle;  nothing  would  have 
been  gained  by  showing  the  entire  thick- 
ness. Just  above  and  to  the  left  of  C is  an 
artery  the  endothelium  of  which  is  prolifer- 
ating. D.  From  C to  D is  shown  the 
greatly  altered  serous  covering.  The  layer 
represented  in  the  drawing  is  largely 
composed  of  fibrin  with  entangled  leuko- 
cytes and  endothelial  cells. 


diphtheriae  may  cause  both,  and  other 
inflammations  as  well,  and  that  the 
disease  clinically  and  bacteriologically 
called  diphtheria  may  be  manifested 
by  pseudomembrane  formation,  or  by 
necrotic  processes  extending  deeper,  or 
by  both.  In  order  to  avoid  the  con- 
fusion resulting  from  the  term  diph- 
theritic, gangrenous  inflammation  has 
been  substituted.  The  latter  term, 
however,  is  objectionable  because  gan- 
grene implies  the  death  of  larger  masses 
of  tissue  than  necessarily  occurs  in  this 
connection.  The  gangrenous  sore  throat 
and  gangrene  of  the  fauces , also  called 
gangrenous  angina — these  terms  were 
especially  used  by  the  older  writers — 
are  forms  of  necrosing  inflammation 
almost  invariably  due  to  the  Klebs- 
Loffler  bacillus. 

Inflammation  of  the  mucosas  at- 
tended by  necrosis  may  follow  burns, 
scalds,  the  application  of  escharotics, 
and  trauma.  Embolic  occlusion  of  the 
nutrient  vessels  to  an  area  of  the  mucous 
membrane  may  lead  to  death  of  the 
involved  structures.  In  practically  all 
the  conditions  manifested  by  gangren- 
ous inflammation,  thrombosis  of  the 
capillaries  in  the  affected  area  occurs; 
in  most  instances  the  arrest  in  the  capil- 
lary circulation  is  due  to  the  same  cause 
as,  and  is  part  of,  the  necrosis.  I have, 
on  two  occasions,  observed  a most  ex- 
tensive proctitis  follow  the  continuous 
use  of  opium  and  morphin  in  patients 
who  used  three  to  six  grams  of  the  latter 
each  day  by  rectal  suppository.  Ad- 
ministration of  mercury,  antimony,  or 
arsenic  has  been  followed  by  gangren- 
ous processes  involving  the  mucous 
surfaces. 

It  is  probable  that  cancrum  oris, 
noma,  or  gangrenous  stomatitis  is  due 
to  a bacteritic  factor,  although  Lin- 
gard’s  bacillus  is  not  generally  believed 
to  be  the  cause.  (See  Diseases  of 
the  Alimentary  Canal;  also  Gangrene, 
p.  247.)  This  disease  occurs  in  debili- 
tated children,  and  usually  follows  one 
of  the  acute  infectious  diseases,  most 
commonly  (fifty  per  cent,  of  the  cases) 
measles. 
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The  necrotic  processes  affecting  the  mucosae  and  due  to  infection  by 
pyogenic  cocci,  or,  less  frequently,  the  pneumococcus,  occasionally 
manifest  a clearly  gangrenous  tendency.  In  tissues  weakened  by  any 
associated  lesion,  and  often  when  reduced  resistance  is  not  demonstrable, 
other  bacteria,  as  the  colon  bacillus,  typhoid  bacillus,  and  the  Bacillus 
pneumoniae,  may  give  rise  to  gangrenous  processes. 

Morbid  Anatomy. — Whether  the  initial  cause  be  infection  or  not,  the 
circulation  is  arrested  in  the  area  involved,  and  coagulation  necrosis 
promptly  results;  infection  (primary,  secondary,  or  multiple),  is  now 
assured,  and  disintegration  follows.  In  other  cases,  the  slough,  after  a 


Fig.  268. — Vertical  Section  of  Mucous  Membrane,  Showing  Diphtheric  or  Gangrenous  Inflam- 
mation, from  a Case  of  Dysentery.  (Schmaus .) 

a,  b.  Muscular  layers,  c.  Submucosa  with  widely  distended  blood-vessels,  swelling,  and  leukocytic  infil- 
tration. d.  Adherent  portion  of  the  mucosa  in  which  degenerative  and  necrotic  changes  are  in 
progress  and  which  fades  off  into  e,  the  necrotic  layer  of  the  mucosa.  /.  Part  of  a gland  in  the  ne- 
crotic tissue,  the  structure  of  the  gland  elements  not  having  been,  as  yet,  destroyed,  although  separat- 
ing with  the  necrosed  layer,  g.  Distended  blood-vessel. 

varying  period,  may  be  detached  and  cast  off,  or  remaining  in  position  it  is 
decomposed  by  bacteria;  in  other  words,  putrefies.  As  the  necrotic  area 
extends  into  the  submucosa  to  a varying  depth,  the  lymphatic  system  is 
widely  opened  and  absorption  of  microbic  poisons  follows,  with  all  the 
phenomena  of  grave  septic  intoxication.  The  plugs  that  occlude  the 
vessels  become  infected  and  disintegrate,  and  hemorrhage  may  result;  or 
bacteria  (most  commonly  pyogenic  cocci)  gain  ingress  to  the  lymphatic 
system,  and  enlargement,  and  even  abscess  formation,  in  the  nearest 
lymph-nodes  may  follow;  or  bacteria  reaching  the  blood  give  rise  to 
septicemia.  The  necrosis  may  assume  phagedenic  characters,  followed 
by  wide-spread  destruction;  this  is  probably  due  to  a secondary  infection, 
although,  of  course,  it  may  have  be^n  primary,  and  is  typified  in  noma. 
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gangrenous  inflammation  of  the  labia  in  the  female,  and  of  the  glans  penis 
in  the  male.  The  initial  process  in  the  latter  cases  may  have  been  a 
chancre  or  a chancroid.  When  involving  the  interior  of  the  uterus,  follow- 
ing labor  or  abortion  (septic  endometritis),  the  mucosa  becomes  necrotic 
and  the  process  rapidly  invades  the  myometrium,  in  the  sinuses  of  which 
septic  thrombi  form.  The  resulting  septic  sinusitis  may  extend  to  the 
uterine  and  parauterine  veins  or  even  beyond,  producing  an  extending 
thrombosis,  which,  by  impeding  the  circulation  and  disseminating  bacteria, 
furthers  the  progress  of  the  necrosis. 

This  form  of  inflammation  is  most  common  in  the  tonsils,  pharynx, 
mouth,  external  genital  organs,  rectum,  and  colon,  but  is  not  infrequent 
on  other  membranes  as  well.  The  author  has  observed  a severe  gangren- 
ous cystitis  that  followed  prostatic  abscess  with  urinary  infiltration. 

Suppurative  and  pustular  inflammations  of  the  mucous  membranes 
are  sometimes  observed  in  pyemia,  septicemia,  smallpox,  and,  rarely, 
in  other  infectious  febrile  processes.  Erysipelas  of  the  mucous  membrane 
may  be  followed  by  suppuration.  Diphtheria  may,  by  rendering 
mixed  infection  possible,  give  rise  to  pus  formation  in  the  submucosa. 
Pyogenic  infection  of  the  submucosa  results  from  abrasion  or  destruction 
of  the  protective  epithelium,  or  from  the  accumulation  of  infective 
material  in  a mucous  gland  with  obstructed  duct;  the  basement  membrane 
of  the  gland,  being  less  resistant  than  the  overlying  tissues,  distends  and 
ruptures  into  the  submucosa,  leading  to  infection  and  pus-formation  in  the 
affected  tissues.  This  is  probably  the  process  giving  rise  to  suppurative 
tonsillitis  and  allied  conditions. 

In  some  cases  of  mucous  membrane  inflammation  the  exudate  is 
composed  largely  of  polymorphonuclear  leukocytes  and  the  condition 
is  due  to  organisms  of  fully  established  pyogenic  properties.  This  type 
of  mucous  membrane  inflammation  is  commonly  produced  by  the  gono- 
coccus, in  which  case  the  process  is  called  gonorrhea.1  When  due  to 
other  pyogenic  organisms  it  is  known  as  suppurative  catarrh.  Catar- 
rhal inflammations  characterized  by  purulent  or  mucopurulent  dis- 
charges attack  particularly  the  urethra  and  birth  canal,  but  may  also 
involve  the  mucosa  of  the  nose  and  bronchi,  the  conjunctiva,  and  middle 
ear.  An  essentially  similar  condition  affects  the  Fallopian  tube  (sup- 
purative salpingitis)  and,  as  a result  of  occlusion  of  the  two  ends  of  the 
tube,  the  pus  accumulates  in  the  resulting  cavity  (pyosalpinx).  In 
some  of  these  conditions  the  pyogenic  organisms  enter  the  submucosa 
in  sufficient  numbers  to  induce  suppuration.  In  this  way  periurethral 
abscess  complicating  gonorrhea,  and  the  cellulitis  involving  the  pharynx 
and  the  areolar  tissues  of  the  floor  of  the  mouth  (Ludwig’s  angina),  are 
produced.  In  some  cases  the  infiltration  is  rather  diffuse,  the  polymor- 
phonuclear leukocytes  .being  distributed  in  the  lymph-spaces  and  not 
aggregated  to  form  abscesses.  Suppurative  interstitial  gastritis  may  be 
mentioned  as  a type  of  diffuse  submucous  infection.  In  many  cases  the 
bacteria  penetrate  the  submucosa  from  the  surface,  but  it  is  also  possible 
for  the  same  result  to  follow  hematogenous  infection. 

Suppurative  processes  are  usually  situated  in  localities  liable  to  injury 
and  accompanying  infection,  or  in  membranes  rich  in  sulci  affording  lodg- 
ment for  substances  containing  bacteria  that  subsequently  give  rise  to 
infection;  aside  from  the  specific  diseases,  such  as  smallpox,  in  which  the 
suppuration  occurs  in  the  form  of  pustules  in  the  mouth  and  adjacent 

1 See  p.  79. 
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membranes,  the  most  common  sites  of  the  process  have  been  indicated. 
In  the  appendix  the  infection  and  pus-formation  in  the  submucosa  may 
find  less  resistance  to  egress  toward  the  peritoneum  than  toward  the 
mucous  tract,  and  hence  appendicitis  not  uncommonly  gives  rise  to 
infection  of  the  serosa.  In  similar  obstructive  conditions  affecting  the 
Fallopian  tubes,  rupture  into  the  peritoneum  may  afford  an  easier  pathway 
for  the  infection,  and  consequent  emptying  of  the  distended  tube,  than 
escape  into  the  uterine  cavity.  While  the  foregoing  reference  to  appen- 
dicular and  Fallopian  disease  is  made  under  Suppurative  Inflammation,  it 
is  not  to  be  forgotten  that  accumulated  catarrhal  material  contains 
abundant  infectious  agents,  and  that  its  escape  will  as  certainly  be  followed 
by  septic  inflammation  as  though  an  abscess  had  poured  its  contents  into 


Fig.  269. — Intestine,  Chronic  Secondary  Tuberculosis;  Irregular  Ulcers  the  Floors  of  which 
Present  a Necrotic  Surface.  The  Ulcers  are  Transverse  to  the  Axis  of  the  Bowel. 


the  serous  cavity.  Suppurative  and  gangrenous  processes  are  not  un- 
common in  the  appendix,  and  it  does  not  seem  probable  that  the  Fallopian 
tube,  once  infected,  would  be  less  liable  to  the  same  processes. 

Chronic  infectious  inflammations  of  the  mucous  membranes  are  of  the 
greatest  importance,  and  deserve  the  closest  study.  For  the  most  part 
they,  from  the  beginning,  involve  the  essential  function  of  the  mucous 
surface  by  invading  the  submucosa.  Included  under  this  head  are  tuber- 
culosis, leprosy,  syphilis,  glanders,  actinomycosis,  and  rhinoscleroma. 

Tuberculosis  of  the  mucous  membranes,  independent  of  pulmonary 
tuberculosis,  is  not  a rare  condition.  In  the  upper  air-passages  it  is  a 
most  frequent  occurrence  in  tuberculous  patients,  arising  in  the  larynx, 
in  the  bronchi,  and  occasionally  in  the  nose.  Tuberculosis  of  the  ali- 
mentary canal  has  been  noted  in  every  structure  from  the  lips  to  the  anus. 
The  cause  is  the  bacillus  of  tuberculosis,  which  has  been  considered  in  the 
section  on  Bacteriology.  (See  Tuberculosis,  p.  117.) 

Morbid  Anatomy. — The  infection  may  be  from  the  surface  or  by 
the  blood  or  lymph.  Commonly  the  entrance  of  tubercle  bacilli  into 
the  submucosa  is  promptly  followed  by  the  development  of  miliary 
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tubercles,  usually  around  or  near  a blood-vessel.  In  marked  cases  of 
general  miliary  tuberculosis  the  tubercles  can  be  seen  at  many  points 
in  the  mucous  membrane.  A little  later  these  bodies  coalesce  and, 
by  obliterative  changes  induced  in  the  blood-vessels,  deprive  the  base- 
ment membrane  and  overlying  epithelium  of  their  proper  nutrition: 
by  this  time,  through  confluence,  necrosis,  and  softening,  a cheesy  area 
develops;  breaking  through  the  basement  membrane  the  caseous  material 
is  discharged  and  an  ulcer  results.  The  long  axis  of  the  ulcer  is  usually 
transverse  to  the  long  axis  of  the  membranous  tube — a condition  due  to 
the  usual  circumferential  distribution  of  the  blood-  and  lymph-vessels. 
External  to  the  area  of  ulceration  new  fibrous  tissue  develops  and  con- 
tracts, in  many  localities  giving  rise  to  stenoses.  When  examined  in  its 
earlier  stages,  and  when  many  lesions  are  present,  the  condition  is  known 
as  miliary  tuberculosis;  later,  when  ulceration  has  ensued,  or  in  the  stage 
of  caseation,  as  ulcerative  or  caseous  tuberculosis,  respectively.  Rarely, 


Fig.  270. — Margin  of  Tuberculous  Ulcer  of  the  Intestine. 

Specimen  hardened  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin, 
and  mounted  in  balsam,  a.  Mucosa  that,  as  it  approaches  the  ulcer,  is  swollen  and  thickened,  with 
fragmented  and  desquamating  cells,  b,  d,  and  e.  Tubercles  situated  in  the  submucosa;  b and  d,  and 
a tubercle  just  under  and  to  the  right  of  d,  each  show  a central  giant  cell.  The  tubercle  e shows  central 
softening  and  beginning  caseation.  Note  the  extensive  infiltration  of  the  submucosa  with  small 
lymphoid  cells,  which,  immediately  under  the  ulcer,  at  /,  have  invaded  the  circular  muscle-fibers. 
c.  The  longitudinal  muscular  layer,  which,  at  g,  contains  a solitary  tubercle.  (J-inch  objective; 
1 -inch  ocular.) 


calcareous  changes  occur  and,  as  a result  of  infiltration  with  lime  salts, 
the  tubercle  becomes  quiescent,  and  the  process  is  arrested.  Occasionally 
in  the  mucous  membrane  of  the  intestine,  particularly  in  the  ileocecal 
area,  and  rarely  in  other  mucosae,  the  affection  is  characterized  by  the 
production  of  a large  amount  of  fibrous  tissue  and  great  thickening  of  the 
submucosa,  constituting  what  is  called  chronic  hyperplastic  tuberculosis.1 
The  anatomy  of  tubercles,  their  method  of  infection,  etc.,  have  been 
considered  with  tuberculosis2  in  general. 

1 See  p.  128. 

2 See  Morbid  Anatomy  of  Tuberculosis,  p.  124,  also  tuberculosis  of  the  various 
mucosas,  alimentary  canal,  organs  of  respiration,  urinary  organs,  etc. 
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Leprosy1  of  the  Mucous  Membranes. — In  purely  anesthetic  leprosy 
the  only  involvement  noted  by  observers  is  in  the  colon,  where  ulcers 
are  said  to  develop  without  leprous  tubercles.  Tubercular  leprosy  is 
prone  to  attack  the  mucous  membranes,  especially  the  conjunctiva, 
cornea,  larynx,  and  nose.  Leprous  tubercles,  like  those  of  tuber- 
culosis, occur  around  the  blood-vessels  in  the  submucosa;  as  the  process 
extends,  the  blood-supply  is  cut  off  by  the  obliterative  changes  in  the 
vessels,  and  a fibroid  area  results.  Ulceration  is  not  inevitable,  or 
even  frequent,  as  in  tuberculosis.  Sometimes,  however,  the  leprous 
infiltration  is  followed  by  pyogenic  infection,  softening,  and  ulceration. 
The  disease  is  due  to  the  Bacillus  leprae,  which  has  been  considered  when 
dealing  with  bacteria. 

Syphilis2  of  the  Mucous  Membranes. — In  primary  syphilis  the  lesion 
is  far  more  frequent  in  the  mucous  membrane  than  in  the  skin.  The 
submucosa  becomes  infiltrated  with  small  round  cells,  in  which  epithelioid 
and  giant  cells  may  be  found;  the  blood-supply  to  the  surface  is  cut  off 
by  obliterative  changes  in  the  arteries,  and  ulceration,  or  rather  coagu- 
lation necrosis,  ensues.  The  roseolar  rashes  of  the  secondary  stage 
leave  no  discernible  lesion.  The  mucous  patches  and  ulcers  are  the 
result  of  coagulation  or  liquefaction  necrosis,  and  occur  in  the  mucosa 
of  the  tongue,  pharynx,  tonsils,  palate,  gums,  and  cheeks,  and  also  on  the 
mucous  membranes  of  the  anus  and  genital  organs. 

The  lesion  of  tertiary  syphilis  affecting  the  mucous  membranes  is  the 
gumma,  which  occurs  in  the  submucosa,  develops  like  the  previously  con- 
sidered infective  granulomata,  and,  when  untreated,  usually  undergoes 
necrosis  and  ulcerates.  As  the  ulcer  heals,  contracting  cicatrices  give 
rise  to  strictures;  these  are  most  frequent  in  the  larynx,  rectum,  and 
esophagus.  (See  illustrations  of  syphilitic  stenosis  of  the  larynx  and 
trachea,  Fig.  269,  p.  578.)  Should  cicatrization  occur,  without  ulcera- 
tion, contraction  is  equally  sure  to  follow,  but  is  less  obstinate. 

Glanders3 4 *  of  the  Mucous  Membranes. — This  disease,  due  to  the  Bacil- 
lus mallei,  manifests  itself  usually  in  the  nose  as  tdcers  brought  about  by 
the  development  of  glanders  nodules,  made  up  of  lymphoid  and  epithe- 
lioid cells  in  the  submucosa,  which,  by  necrosis,  give  rise  to  an  ulcer. 
In  the  acute  form  gangrenous  and  septic  phenomena  not  uncommonly 
accompany  the  process;  in  the  chronic  form  the  ulcers  may  be  mistaken 
for  those  due  to  protracted  catarrhal,  tuberculous,  or  syphilitic  disease. 
Demonstration  of  the  bacillus  is  essential  to  an  accurate  diagnosis. 

Actinomycosis1  of  the  mucous  membranes  is  most  common  in  the 
tissues  about  the  mouth  and  in  the  alimentary  canal,  especially  the  ileo- 
cecal area,  but  may  affect  other  mucosae.  The  ray  fungus,  like  other 
chronic  infections,  gives  rise  to  a collection  of  granulation  tissue  in  the 
submucosa.  The  infiltration  may  be  indurative  with  but  little  tendency 
toward  necrosis;  in  other  cases  softening  and  suppuration  are  followed 
by  necrosis  of  the  overlying  mucous  membrane,  producing  an  ulcer.  The 
diagnosis  is  made  by  the  demonstration  of  the  fungus  in  the  discharges 

1 See  Bacillus  leprse,  p.  133;  also  forms  and  manifestations  of  leprosy,  pp.  135 
and  137. 

2 See  Syphilis,  p.  156;  Histology  of  Chancre,  p.  160;  Mucous  Patch  and  Gumma, 
pp.  162  and  163. 

3 See  Glanders,  pp.  138  to  140. 

4 See  Actinomycosis,  p.  145;  also  Paths  of  Infection  in  Morbid  Anatomy  of 

Actinomycosis,  p.  147. 
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or  in  sections  of  the  infected  tissue.  The  new  formation  is  usually 
surrounded  by  a zone  of  proliferating  connective  tissue,  which,  in  the 
jaw,  has  been  mistaken  for  sarcoma.  Sooner  or  later  suppuration  ensues. 

Rhinoscleroma1  consists  in  the  thickening  and  tumefaction  of  the 
submucosa  of  the  nose,  rarely  extending  to  the  pharynx  or  larynx;  the 
affection  usually  begins  in  the  nose.  The  indurated  areas  are  at  first 
red  or  pink,  and  are  very  tender;  later  they  become  white.  The  disease 
is  alleged  to  be  due  to  a bacillus  found  in  the  tumefied  tissues,  usually 
in  the  hyaline  cells  of  the  fibrous  meshwork.  Rhinoscleroma  is  rare  in 
this  country,  and  clinically  resembles  lupus.  It  is  essentially  chronic  as 
to  time,  requiring  years  for  complete  development. 

Thrush2  is  a disease  largely  restricted  to  the  mucous  membranes, 
usually  affecting  the  mouth,  in  which  location  the  condition  is  called 
mycotic  stomatitis.  The  mucosa  of  the  esophagus  is  sometimes  involved, 
and  other  parts  of  the  alimentary  canal  less  frequently. 

The  tumors  which  may  occur  on  or  in  mucous  membranes  are  numerous, 
and,  as  certain  localities  seem  liable  to  special  varieties,  it  is  thought  best 
to  record  the  neoplasms  and  cysts  with  the  special  pathology  of  each 
region. 

1 See  Rhinoscleroma,  p.  137;  also  Mayer,  Amer.  Jour.  Med.  Sci.,  May,  1907. 

2 See  p.  143- 


CHAPTER  VIII. 


ORGANS  OF  RESPIRATION. 

Anatomic  Divisions. — The  anatomist  divides  the  organs  of  respira- 
tion into  the  nose  or  nasal  cavities,  larynx,  trachea,  bronchi,  and  lungs. 
For  physiologic  consideration  it  is  important  to  recognize  a conducting 
part,  including  all  but  the  lungs,  in  which  the  essential  chemistry  and 
vital  phenomena  of  respiration  occur.  Incidentally,  other  functions 
are  performed  by  the  various  parts  of  the  whole,  one  function  being 
accessory  to  another — e.  g.,  olfaction  in  the  nose,  vocalization,  etc., 
in  the  larynx — all  aided  by  and  dependent  upon  the  various  muscular 
and  bony  structures  of  the  chest  with  its  complex  innervation. 

NOSE. 

Malformations. — The  nose  may  be  absent  or  may  be  represented 
by  a teat  or  a snout-like  projection  in  cyclopia  or  synophthalmia — a mal- 
formation attended  by  a single  orbital  cavity,  centrally  located,  and 
containing  one  or  two  eyeballs  in  varying  stages  of  development;  rarely, 
the  eye  is  absent.  Other  malformations  of  the  nose  consist  in  absence 
of  one  or  more  muscles,  clefts  of  the  alae,  deviations  and  faulty  develop- 
ment of  the  septum,  incomplete  development  of  some  of  the  bones  entering 
into  the  formation  of  the  cavity,  constriction  of  the  nares,  more  or  less 
complete,  and  clefts  in  the  floor  of  the  nasal  cavity,  usually  associated  with 
faulty  development  of  the  lip,  palate,  or  other  soft  parts.  According  to 
Boulay,1  there  are  80  recorded  cases  of  congenital  occlusion  of  the  nares. 
The  occlusion  was  unilateral  in  39  of  65  fully  reported  instances;  in  51  it 
was  osseous,  partly  osseous  in  7,  and  membranous  in  7.  The  deviation  of 
the  nasal  septum  (scoliosis  septi2)  may  be  unilateral,  bilateral,  zigzag,  or 
irregular;  the  inclination  may  be  (1)  toward  one  side  (simple  deviation), 
(2)  vertical  sigmoid,  one  or  more  convexities  directed  toward  each  fossa, 
or  (3)  anteroposterior  sigmoid. 

Hemorrhage  from  the  nose  (epistaxis)  occurs  as  the  result  of  injury, 
either  directly  applied  to  the  nasal  structures,  or  falls  and  blows  severely 
jarring  the  head,  and  in  fractures  involving  the  base  of  the  skull.  Ex- 
treme plethora  is  asserted  to  be  a cause;  bleeding  from  the  nose  may 
be  produced  by  hyperemia,  either  premonitory  to  inflammation  or 
secondary  to  overexertion  and  forcible  cardiac  action;  violent  respiratory 
acts,  like  strangling,  coughing,  or  sneezing;  intracranial  congestion  and 
hyperemia;  the  passive  congestions  of  heart  disease  and  obstructed  return 
of  blood  from  the  head,  as  in  tumors  pressing  on  the  veins  of  the  neck; 
occasionally  the  hemorrhage  is  vicarious,  as  in  arrested  menstruation  and 
suspended  excretion  ( e . g.,  sweating  and  suppression  of  urine);  severe 
vomiting;  tumors,  ulcerations,  etc.,  of  the  nasal  mucosa;  blood  diseases, 

1 Arch,  de  Med.  des  Enfants,  March,  1902. 

2 Sheedy,  The  Postgraduate,  Oct.,  1902,  p.  1130. 
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like  hemophilia,  scurvy,  leukemia,  etc.  Epistaxis  is  also  seen  in  the  early 
stages  of  some  of  the  acute  infectious  diseases,  most  commonly  typhoid 
fever.  Renal  disease,  associated  with  a rise  in  blood-pressure,  and  cir- 
rhosis of  the  liver  are  also  causes.  Martinet1  lays  particular  stress  upon 
the  occurrence  of  epistaxis  in  arteriosclerosis  and  believes  that  the  con- 
dition is  due  to  the  associated  hypertension.  Osier2  has  described  a 
form  of  epistaxis  due  to  multiple  telangiectases  of  the  nasal  mucosa. 
In  some  cases  the  hemorrhage  appears  to  come  from  the  ethmoidal 
veins  and  possibly  from  other  sinuses.3  Death  from  epistaxis  is  rare. 
The  quantity  of  blood  lost  varies,  but  usually  stops  short  of  danger. 
When  bleeding  is  repeated,  there  is  not  infrequently  some  local  lesion 
to  account  for  it,  such  as  erosion  or  ulceration,  usually  situated  on  the 
septum.  Varicosity  of  the  veins  of  the  nasal  mucosa  may  sometimes 
be  recognized. 

Inflammation4  of  the  nasal  mucosa  is  called  rhinitis.  Any  of  the 

already  described  mucous  membrane  inflammations  may  occur  in  the 
nose.  Acute  catarrhal  rhinitis,  acute  nasal  catarrh,  or  coryza  is  the 
most  frequent  of  the  inflammations  affecting  the  nasal  mucosa.  Of 
the  many  conditions  believed  to  be  operative  in  the  production  of  acute 
catarrhal  rhinitis,  infection  is  most  important.  Cold  and  exposure, 
irritants,  such  as  ammonia,  and  superheated  gases  are  said  to  be  etiologic 
factors.  Cold  and  exposure  are  probably  of  secondary  importance, 
and  act  by  increasing  the  susceptibility  of  the  membrane  to  infection. 
There  is,  at  times,  evidence  indicating  that  the  condition  is  contagious. 
The  inflammatory  process  may  accompany  or  be  due  to  infectious  diseases, 
such  as  influenza  and  typhoid  fever;  that  most  trying  affection — hay 
fever5 — which  Dunbar  has  gone  far  to  prove  is  due  to  the  pollen  of  grasses 
and  of  certain  plants,  should  also  be  mentioned. 

Fibrinous  and  gangrenous  inflammations  of  the  nose  may  be  primary, 
but  are  more  frequently  associated  with  or  secondary  to  a primary  pharyn- 
geal lesion.  Pseudomembranous  rhinitis  is,  in  a certain  percentage  of 
cases,  a nasal  manifestation  of  diphtheria.6  This  statement  applies 
not  only  to  the  acute  forms,  but  to  the  more  chronic  cases  as  well.  Some 
of  the  latter  show  a persistent,  rather  long-continued  pseudomembranous 
inflammation;  the  diphtheria  bacillus  is  present  in  the  exudate,  and,  in 
rare  instances,  has  constituted  the  starting-point  for  an  epidemic  of  diph- 
theria. Pneumococci,  streptococci,  staphylococci,  Friedlander’s  bacillus, 
and  other  organisms  occasionally  produce  a false  membrane  in  the  nose. 
Pseudomembranous  rhinitis  from  other  causes  occurs,  but  is  infrequent. 
Chronic  catarrhal  rhinitis,  also  called  chronic  nasal  catarrh,  usually  follows 
repeated  severe  attacks  of  acute  inflammation,  although  occasionally  it 
comes  on  insidiously  and  may  induce  lesions  of  considerable  magnitude 
before  symptoms  appear.  Inhalation  of  irritants  and  dust  and  the  pres- 
ence of  foreign  bodies  are  also  causes.  Various  constitutional  vices — 
such  as  chronic  heart  disease,  tuberculosis,  syphilis,  anemia,  etc. — are 
also  important  causes.  The  extreme  aridity  of  houses  heated  by  modem 

1 La  Presse  Med.,  April  6,  1904. 

2 Bull.  Johns  Hopkins  Hospital,  Nov.,  1901,  p.  333.  Reference  to  previous 
reports. 

3 Kelly,  Lancet,  Feb.  24,  1900. 

4 For  pathology  of  inflammations  of  the  mucous  membranes  see  p.  551. 

5 Clegg,  Jour,  of  Hyg.,  July,  1904. 

6 For  references  to  literature  on  nasal  diphtheria  consult  article  by  Wilner, 
N.  Y.  Med.  Jour.,  Nov.  5,  1904,  p.  881. 
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methods  undoubtedly  predisposes  to  catarrh.  The  presence  of  tumors, 
particularly  of  polypi,  is  said  to  favor  the  condition,  or  may  be  an  impor- 
tant determining  cause;  in  other  cases  overgrowth  of  the  mucous  mem- 
brane may  assume  a polypoid  character,  a fact  supporting  the  view  that 
the  inflammation  leads  to  tumor  formation.  The  inflammatory  processes 
maybe  hypertrophic  or  atrophic,  and  mayor  may  not  be  associated  with  fetid 
discharge  (ozena) . There  is  a form  of  nasal  inflammation  that  has  received 
the  name  purulent  rhinitis,  by  reason  of  the  pus-like  character  of  the 
discharge;  an  inflammation  of  this  kind  not  infrequently  follows  the 
presence  of  foreign  bodies,  nasal  tumors,  suppurative  processes  in  acces- 
sory sinuses,  acute  infection,  such  as  gonorrhea,  and  the  ulcerative  stages  of 
the  chronic  infections,  particularly  glanders,  tuberculosis,  and  syphilis. 
Under  the  name  of  caseous  or  scrofulous  rhinitis1  has  been  described  a 
chronic  process  indicated  by  the  production  of  caseous  material  which 
often  accumulates  in  the  affected  nasal  fossa;  the  condition  is  probably 
not  a manifestation  of  tuberculosis  except  in  rare  cases;  a leptothrix  has 
been  found  in  the  material,  and  it  is  possible  that  the  affection  is  a 
form  of  pseudo-tuberculosis.2 

Tuberculosis  of  the  nasal  mucosa  may  be  primary  or  secondary. 
Renshaw3  collected  x 16  cases  of  tuberculous  rhinitis,  30  of  which  were 
primary.  In  the  former  group  ulceration  was  conspicuous,  and  in  the 
latter,  the  polypoid  form  was  most  frequent.  Syphilis  is  frequently 
the  cause  of  nasal  catarrh  and  may  give  rise  to  ulcerative  processes; 
gummata  of  the  tissues  forming  the  facial  nose  are  not  infrequent. 
Leprosy  and  glanders  are  often  primary  in  the  nose.  Actinomycosis 
sometimes  attacks  the  nasal  mucosa  or  contiguous  tissues.  Rhino  - 
scleroma  nearly  always  begins  in  the  nose. 

Sinusitis4  or  Sinuitis. — The  nasal  mucosa  being  continuous  with  that 
of  the  sinuses  of  the  superior  maxilla,  the  frontal  and  ethmoid  bones,  and 
by  the  Eustachian  tube  with  the  middle  ear,  inflammation  once  established 
in  the  nose  may  extend  to  these  structures,  where,  by  reason  of  fault)' 
drainage,  and  inaccessibility,  chronic  processes  ensue.  The  sinuses  lying 
in  proximity  to  the  brain  may  afford  means  for  intracranial  infection, 
as  seen  in  middle-ear  disease  leading  to  cerebral  abscess,  and  in  the  tuber- 
culous meningitis  asserted  to  follow  tuberculosis  of  the  nasal  cavities 
and  their  appendages. 

Tumors. — Adenomata  of  the  nasal  mucous  membrane  occur  more  com- 
monly as  the  pharynx  is  approached,  but,  on  the  whole,  are  not  frequent; 
they  are  mostly  cystic,  owing  to  inclusion  of  a mucous  gland,  ordinarily 
by  inflammatory  tissue.  Papillomata  or  warts  are  usually  situated  in 
the  vestibule;  in  children  they  are  frequently  of  syphilitic  origin.  A hairy 
papilloma  resting  on  a base  of  fat  (lipomatous  tissue)  has  been  described. 
It  is  believed  to  be  congenital  (Arnold).  Carcinoma  of  the  nose  is  rarelv 
primary,  usually  extending  to  the  nasal  cavity  from  the  mouth  or  face;  it 
is  generally  of  the  epitheliomatous  type  rather  than  glandular.  Schmidt 
found  five  carcinomata  of  the  nose  and  throat  in  32,997  patients.  Fibro- 
mata, chondromata,  osteomata,  and  myxomata  occur.  True  mxyoma  is 
rare,  but  fibromyxoma  and  pure  fibroma  are  of  not  infrequent  occurrence; 

1 Bark,  Jour.  Laryngology,  Rhinology,  and  Otology,  Dec.,  1903. 

2 See  foot-note  p.  132. 

3 Jour,  of  Path,  and  Bact.,  Feb.,  1901. 

* Eschweiler,  Arch.  f.  Laryng.  u.  Rhin.,  vol.  xvii,  No.  17;  Oppikoter,  Arch.  f. 
Laryng.  u.  Rhin.,  vol.  xix,  No.  1. 
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some  nasal  polypi  belong  to  one  of  the  two  varieties.  Wright1  main- 
tains that  nasal  polypi  are  not  myxomatous  but  result  from  serous 
infiltration  of  the  submucosa  and  hyperplasia  of  the  superficial  layers. 
Sarcomata  occur  in  the  nasal  cavity,  arising  from  the  fibrous  tissue  of 
the  submucosa,  the  periosteum,  or,  rarely,  the  bone;  they  occasionally 
develop  in  the  sinuses:  e.  g.,  the  antrum  of  Highmore. 

Erectile  tumors  (telangiectatic  polypi)  are  made  up  of  numerous 
thin-walled  blood-vessels  embedded  in  a fibrous,  mucoid,  or  adeno- 
matous matrix  containing  more  or  less  myxomatous  tissue.  They  are 
infrequent. 

Postnasal  Adenoids.2 — There  must  be  some  doubt  as  to  the  advis- 
ability of  regarding  these  enlargements  as  true  tumors,  and,  as  the  new 
growth  is  most  frequently  the  result  of  an  increase  in  pre-existing  lym- 
phoid tissue,  the  term  postnasal  adenoid  hypertrophy  has  been  applied. 
The  disease  is  one  of  infancy  and  childhood,  most  frequent  in  tuberculous 
families,  and  is  commonly  associated  with  some  form  of  rhinitis,  with 
defects  of  development  in  the  osseous  walls  causing  stenosis,  and  with 
concomitant  pharyngeal  or  postnasal  catarrh.  The  growth  is  most  marked 
on  the  posterior  rhinopharyngeal  wall.  The  masses  are  usually  sessile, 
with  uneven,  granular,  or  lobulated  surfaces. 

Histologically,  the  growths  are  composed  of  hyperplastic  lymphoid 
tissue  in  which  the  quantity  and  density  of  the  reticulum  vary.  The 
fibrous  tissue  is  mostly  perivascular.  The  epithelium  covering  the 
mass  may  be  squamous  or  columnar;  the  latter  is  sometimes,  although 
rare'y,  ciliated;  a basement  membrane  can  usually  be  detected.  The 
epithelium  and  sometimes  the  deeper  tissue  is  necrotic.  The  crypts 
are  often  deeper  than  normal  and  are  not  infrequently  filled  with  caseous 
material.  So  far  as  the  growth  itself  is  concerned,  it  usually  atrophies 
and  disappears  at  or  about  puberty.  In  the  mean  time,  however,  the 
mechanical  interference  with  respiration,  and  the  associated  catarrh, 
induce  a drain  on  the  patient’s  general  health,  embarrass  respiration, 
and  may  be  accompanied  by  tuberculous  infection.  Dieulafoy  found 
tubercle  bacilli  in  twenty  per  cent,  of  the  adenoids  examined;  of  the 
seventy-five  studied  by  Lartigau  and  Nicol,  eight  contained  tubercles 
and  bacilli,  and  four  bacilli  without  tubercles.  Involvement  of  the 
Eustachian  tube  and  an  infective  otitis  media,  with  consequent  deafness, 
are  not  infrequent  complications. 

Rhinoliths  are  calcareous  masses  occasionally  found  in  the  nose; 
they  arise  from  the  deposit  of  lime  salts  around  a nucleus,  usually  a 
foreign  body,  or,  rarely,  from  inspissated  secretion.  Of  125  cases  col- 
lected by  Hall,3  the  largest  concretion  weighed  a little  over  45  grams. 

Anosmia,  or  loss  of  the  sense  of  smell,  may  be  caused  by  (1)  central 
lesions  or  (2)  chronic  catarrhal  thickening,  and  contraction  may  pinch  the 
filaments  of  the  nerve,  and  thereby  destroy  them;  a similar  result  may 
follow  periosteal  thickening,  as  seen  in  syphilis.  When  the  sense  is  not 

1 N.  Y.,  Med.  Record,  Jan.  26,  1901.  See  also  Yonge,  Brit.  Med.  Jour.,  Nov.  5, 
1904,  p.  1239. 

2 Lartigau  and  Nicol,  Amer.  Jour,  of  Med.  Sci.,  June,  1902;  Marsh,  Lancet,  June 

7,  1902;  Courtade,  Archives  internationales  de  laryngologie,  d’otologie  et  de 

rhinologie,  Mars-Avril,  1903;  Simpson,  Adenoid  Growths  of  the  Naso-Pharynx, 
1904;  Harris,  Amer.  Med.,  Jan.  2,  1904,  p.  20;  Holz,  Berl.  klin.  Woch.,  Jan.  23, 
i9°5- 

3 Trans,  of  Clin.  Soc.  of  London,  vol.  xxvi,  p.  60. 
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destroyed,  but  perverted,  the  term  parosmia  is  used.  Hyperesthesia  of 
the  olfactory  nerves,  also  called  hyperosmia,  is  usually  dependent  upon 
central  lesions  or  is  a part  of  some  neurosis. 

Exclusive  of  the  abundant  exudate  seen  in  inflammations,  and  inde- 
pendent of  any  recognizable  change  in  the  membrane  of  the  nasal  cavity 
and  accessory  sinuses,  there  is,  at  times,  a most  marked  serous  discharge, 
constituting  a true  rhinorrhea.  The  cause  of  the  condition  is  not  known. 
The  case  reported  by  Glynn1  manifested  symptoms  simulating  an  intra- 
cranial tumor,  but  entirely  recovered  after  a profuse  discharge  from  the 
nose  of  a liquid  believed  to  have  been  cerebrospinal  fluid.  The  reporter 
was  of  the  opinion  that  an  internal  hydrocephalus  had  drained  through  the 
perineural  sheaths  of  the  olfactory  nerves.  Thompson  maintains  that 
spontaneous  rhinorrhea  of  cerebrospinal  fluid  is  always  the  result  of 
internal  hydrocephalus. 


LARYNX  AND  TRACHEA. 

Normal  Structure.— The  epithelial  layers  of  the  mucosa  vary  as  to 
depth  and  variety  of  epithelium;  the  epiglottis  and  the  true  cords  are 
covered  by  squamous  epithelium,  lines  of  which  extend  between  the 
epiglottis  and  cords.  The  greater  area  is  covered  by  ciliated  epithelium. 

Malformations. — Absence  of  the  larynx  is  rare.  Occasionally,  it  is 
small  and  poorly  developed  ( hypoplastic ),  a condition  said  to  attend 
testicular  hypoplasia  and  to  follow  castration  in  the  young.  Abnormal 
largeness  is  at  times  noted.  Combinations  of  the  last-named  conditions, 
giving  rise  to  asymmetry,  are  more  frequent.  The  ventricles  may  be 
abnormally  large,  or  aberrant  sinuses  or  pouches  may  extend  into  the  peri- 
laryngeal tissues,  giving  rise  to  a condition  known  as  emphysema  of 
the  neck,  or  oerocele.  From  faulty  union  of  the  branchial  arches  fistulas 
may  result.  Clefts  and  fissures  of  the  epiglottis  occur.  Defects  in 
the  laryngeal  cartilages  are  sometimes  observed,  but  are  rare.  Franckel2 
reports  two  instances  of  membranous  diaphragm  in  the  larynx;  similar 
cases  are  recorded  by  Harmer3  and  Fein;4  the  latter  collected  n 
reported  cases.  Simmonds5  describes  various  forms  of  flattening  and 
distortion  of  the  trachea  occurring  in  the  aged.  He  has  collected  sixty- 
one  cases;  fifty-eight  of  the  patients  were  males.  All  were  over  fifty 
years  of  age.  In  some  cases  the  trachea  is  irregularly  dilated;  the  ectasia 
results  from  yielding  of  the  elastica. 

Hemorrhage0  from  the  larynx  accompanies  injury,  severe  inflamma- 
tions, tubercle,  and  tumors,  particularly  the  highly  vascular  papillomata  and 
carcinomata;  it  rarely  occurs  from  vascular  distention  and  vicarious  func- 
tion. Hemorrhages  into  the  submucosa,  and  even  on  the  free  surface,  are 
sometimes  present  in  scurvy,  leukemia,  pernicious  anemia,  and  allied  blood 
dyscrasias.  Suffocation  and  strangulation  are  also  causes.  Intense 
hyperemia  and  extreme  congestion  may  produce  laryngeal  hemorrhage. 
When  the  condition  accompanies  inflammation,  it  is  called  hemorrhagic 
laryngitis;  Garrel  recognizes  three  forms  of  laryngeal  hemorrhage:  (i) 
traumatic,  due  to  injury;  (2)  the  dyscrasic,  resulting  from  blood  conditions 

1 Med.  Soc.  of  London,  Feb.  13,  1905. 

2 Deut.  med.  Woch.,  Dec.  18,  1902. 

3 Wien.  klin.  Woch.,  Nov.  13,  1902. 

4 Wien.  klin.  Rundsch.,  Dec.  27,  1903. 

5 Virchows  Arch.,  1905,  Bd.  clxxix,  p.  15. 

0 See  Rhodes,  Jour.  Amer.  Med.  Assoc.,  Oct.  29,  1904,  p.  1284;  bibliography. 
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and  systemic  vices;  and  (3)  organic,  due  to  ulceration,  tumors,  and  other 
pathologic  processes  affecting  the  larynx. 

Hyperemia  occurs  in  the  initial  stage  of  inflammation,  after  violent 
exercise,  inhalation  of  irritants,  direct  injury,  and  in  many  infections. 

Congestion  is  noted  in  heart  disease  and  lesions  obstructing  the 
return  of  blood  from  the  larynx,  as  goiter  and  mediastinal  tumors. 

Inflammations.1 — Inflammation  of  the  larynx  is  called  laryngitis; 
of  the  trachea,  trachitis  or  tracheitis.  Catarrhal,  pseudomembranous, 
and  gangrenous  inflammations  occur  in  the  order  given;  the  last  is  infre- 
quent, and  the  catarrhal  is  common. 

The  catarrhal  inflammations  may  be  either  acute  or  chronic,  the 
former  depending  upon  exposure,  inhalation  of  irritant  gases,  extension 
of  inflammation  from  adjacent  mucosae,  infections  and  infectious  diseases, 
such  as  measles,  influenza,  etc.  Follicular  distention  and  superficial 
erosions  occur,  but  are  infrequent.  The  vascular  distention  of  acute 
inflammation,  with  even  slight  edema,  interferes  with  the  function  of  the 
vocal  cords,  narrows  the  orifice,  and  is  the  anatomic  basis  for  the  so-called 
spasmodic  laryngitis,  which  is  also  known  as  spasmodic,  false,  or  catarrhal 
croup. 

Chronic  catarrhal  laryngitis  is  usually  a sequence  of  repeated  attacks 
of  acute  inflammation.  It  is  favored  by  continuous  exposure  to  irrita- 
tion, by  the  presence  of  constitutional  vices — such  as  syphilis,  tubercu- 
losis, contracting  kidney,  gout,  alcoholism,  and  blood  dyscrasiae — 
and  by  local  disturbances  of  nutrition,  such  for  example,  as  are  seen  in 
the  stagnant  circulation  of  chronic  heart  disease  and  in  long-continued 
pulmonary  inflammation,  emphysema,  and  bronchitis.  Epithelial  thicken- 
ing (pachydermia  laryngis)  of  the  vocal  cords,  submucous  cellular 
infiltration,  and  even  papillomatous  excrescences  may  result.  Rosen- 
berg regards  singer’s  nodes  as  results  of  inflammation  involving  the  duct 
of  Frankel’s  glands,  and  not  true  epithelial  indurations  (pachydermia), 
as  believed  by  Virchow. 

Pseudomembranous  laryngitis,  or  membranous  croup,2  is  almost  ex- 
clusively dependent  upon  the  bacillus  of  diphtheria,  which  here  rarely 
induces  gangrenous  lesions  similar  to  those  occurring  on  the  pharynx  and 
tonsils.  Menetrier3  reports  a case  of  membranous  inflammation  of  the 
air-passages  in  which  an  actively  virulent  pneumococcus  alone  was  found. 
Catarrhal  and  pseudomembranous  inflammations  of  the  larynx  are 
sometimes  attended  by  bleeding,  but  altogether  hemorrhages  are  rare. 

Suppurative  laryngitis  occurs  as  a pustular  manifestation  in  smallpox, 
or  as  a purulent  infiltration  of  the  submucosa,  most  commonly  secondary 
to  an  antecedent  edema  of  that  tissue.  Pus-formation  may  be  diffused 
in  the  submucosa  or  may  be  circumscribed  (abscess) ; in  the  latter  case  it 
may  rupture  into  the  larynx,  infiltrate  the  perilaryngeal  tissues,  or  dis- 
sect into  the  esophagus.  If  evacuation  be  established  and  drainage 
secured,  repair  may  follow. 

Catarrhal,  pseudomembranous,  and  gangrenous  inflammations  some- 
times complicate  typhoid  fever.4  Necrosis  of  the  cartilage  probably 

1 See  Pathology  of  Inflammation  of  the  Mucous  Membranes,  p.  551. 

2 See  p.  555. 

3 Soc.  Med.  des  Hop.  de  Paris,  Dec.  9,  T904. 

4 For  fuller  consideration  of  typhoid  affections  of  the  larynx,  see  Keen,  Surgical 
Complications  and  Sequels  of  Typhoid  JFever,  1898;  also  Quinlan,  Laryngoscope, 
Jan.,  1905,  and  Dupuy,  N.  Y.  Med.  Jour.,  Dec.  26,  1903,  p.  1226. 
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secondary  to  a perichondritis  is  the  most  common;  of  Keen’s  collection 
of  221  cases,  at  least  89  affected  the  cartilages.  The  condition  is  fatal 
in  about  ninety-five  per  cent,  of  the  patients  in  whom  the  cartilage  under- 
goes necrosis.  Ulcerative  and  suppurative  lesions  are  less  frequent.  In 
some  cases  the  laryngeal  complication  is  due  to  the  typhoid  bacillus;  in 
others  it  depends  upon  concurrent  infection  probably  resulting  from  the 
lowered  resistance  of  the  patient.  A typic  typhoid  ulcer  of  the  larynx  has 
been  observed.  In  some  cases  the  condition  resembles  Ludwig’s  angina; 
the  epiglottis  may  be  affected. 


Fig.  271. — Pseudomembranous  Laryngitis  and  Tracheitis  due  to  the  Bacillus  Diphtheria. 
(From  adult  female;  laryngeal  diphtheria;  death  on  sixth  day.  The  membrane  extended  into  the 
bronchi.) 

A.  Tip  of  epiglottis,  just  below  which  is  an  irregular  necrotic  area  continuous  with  the  pseudomembrane. 
B.  Edematous  and  necrotic  mucosa.  C.  Cartilage.  D . Tracheotomy  wound  around  which  the 
pseudomembrane  has  become  softened  and  detached;  the  tracheal  cartilages  are  projected  toward 
the  observer  as  a result  of  spreading  open  the  tube.  E.  The  mucosa  at  and  below  leader  from  letter 
E is  suffused  with  blood.  F.  One  of  the  tracheal  cartilages.  G,  G.  Pseudomembrane  for  the  most 
part  detached  from  underlying  mucosa. 


Tuberculosis  of  the  larynx1  may  be  primary  or  secondary;  the  latter 
is  the  more  common.  The  studies  of  Meyer  and  Ostowsky  indicate  that 
the  bacillus  may  reach  the  submucosa  without  any  discernible  lesion  in 
the  overlying  epithelium.  It  may  begin  by  superficial  erosive  ulceration, 
but  is  usually  manifested  by  a tuberculous  infiltration  of  the  submucosa 

1 Meyer,  Virchows  Arch.,  Bd.  clxv,  H.  3,  p.  498;  Ostowsky,  These  de  St.  Peters- 
burg, 1900;  Rappoport,  Zeit.  f.  Tuberk.  und  Heilstat.,  July,  1903;  Frese,  Munch, 
med.  Woch.,  March  29,  1904,  p.  552;  Griffin,  Med.  Record,  Dec,  17,  1904,  p.  975; 
Casselberry,  Sixth  International  Congress  on  Tuberculosis,  vol.  ii,  1908 : Lockard, 
Tuberculosis  of  the  Nose  and  Throat,  St.  Louis,  1909. 
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which  may  be  diffuse  or  localized;  in  the  latter  case  it  resembles  the  chronic 
hyperplastic  tuberculosis.1  In  typical  cases  of  this  form,  sometimes 
called  hypertrophic,  ulceration  occurs  late,  if  at  all.  According  to  Theisen, 
the  lesion  is  practically  always  secondary  to  pulmonary  involvement,  and 
may  be  preceded  by  ulcerative  lesions.  Sometimes  the  hyperplasia  is 
sufficiently  circumscribed  to  justify  the  term  tuberculoma  of  the  larynx. 
According  to  Griffin,  tuberculous  ulcers  usually  are  on  the  posterior  wall, 
and  begin  low  and  ascend;  syphilitic  lesions  arise  above  and  descend. 
Cicatrization  and  contraction  are  common  in  syphilis  and  infrequent  in 

tuberculosis.  Although  rare,  syphilitic  and 
tuberculous  ulcers  may  be  side  by  side  and 
differentiation  of  the  gross  lesions  is  some- 
times impossible.  The  histologic  diagnosis 
can  be  made  by  the  presence  of  anatomic 
tubercles,  or  granulation  tissue,  containing 
the  bacillus.  In  cases  of  primary  laryngeal 
tuberculosis  secondary  invasion  of  the  lung 
can  confidently  be  predicted. 

Syphilis  of  the  larynx2  may  occur  in  any 
stage  of  lues.  Apparently  Moure’s  case  is  the 
only  recorded  instance  of  epiglottic  chancre. 
Mucous  patches  are  sometimes  observed  on 
the  epiglottis,  and  less  commonly  on  the 
ventricular  bands;  they  are  usually  unilat- 
eral, oval  or  elongated,  whitish  or  yellowish 
in  color,  8 to  15  mm.  in  diameter,  and  mar- 
ginated  by  a distinct  red  areola.  Fibroid 
infiltration  of  the  laryngeal  submucosa  is 
occasionally  observed  in  secondary  lues. 
Tertiary  syphilis  of  the  larynx  may  be  ulcer- 
ative, gummatous,  or  cicatricial.  The  last 
form  is  the  result  of  reparative  efforts  in  either 
of  the  first  two.  Syphilitic  ulceration  may  be 
rapid,  but  is  usually  slow;  commonly  cica- 
trization is  present  in  one  area  and  progres- 
sion in  another.  Associated  edema  may  be 
marked,  and  hemorrhage  is  occasionally  pres- 
ent but  rarely  severe.  The  ulceration  may 
extend  to  the  perichondrium,  and  give  rise 
to  perichondritis  and  even  necrosis  of  con- 
tiguous cartilage.  In  a case  reported  by 
Labbe  the  arytenoid  exfoliated,  was  inspired, 
and  caused  death.  A formed  sequestrum 
may  be  buried  for  years.  When  cicatriza- 
tion occurs,  stenosis  almost  invariably  fol- 
lows. The  gummatous  form  of  laryngeal  syphilis  may  persist  for 
months  or  even  years  before  ulceration  appears.  The  necrosis  is  at 
first  evident  near  the  center  and  gradually  extends  until  the  gumma- 
tous tissue  is  removed.  If  treatment  be  instituted  early,  ulceration  may 

1 See  p.  128. 

2 See  Conner,  Amer.  Jour,  of  Med.  Sci.,  July,  1903;  Chauffard  and  Viollet,  Gaz. 
des  Hop.  Civils  et  Mil.,  June  9,  1904;  Semon,  Brit.  Med.  Jour.,  Jan.  13,  1906,  and 
Oct.  12,  1907,  p.  952. 


the  Mucous  Membrane  of  the 
Trachea.  Vertical  Section  of 
the  Tracheal  Wall.  ( Schmaus .) 
X 10  diameters. 

K.  Cartilage,  e,  e.  Epithelial  layer 
of  the  mucous  membrane,  t. 
Tubercles  in  the  mucous  mem- 
brane. (Submucosa.)  g.  uicer 
extending  from  e to  e. 


ORGANS  OF  RESPIRATION. 


577 


be  escaped.  Cicatrization  of  the  tertiary  lesions  of  syphilis  is  commonly 
followed  by  intractable  contraction,  giving  rise  to  stenosis  (syphilitic 
stricture  of  the  larynx).  Syphilis  of  the  trachea  is  less  common  than  in 
the  larynx;  laryngeal  and  tracheal  syphilis  are  rarely  associated  with 
pulmonary  manifestations,  while  in  protracted  cases  of  tuberculosis  the 
lungs  never  escape.  Nicholson1  reports  an  instance  in  which  a gumma 
adjacent  to  the  trachea  communicated  with  the  aorta,  and  later,  by  rupture, 
gave  rise  to  a fatal  tracheal  hemorrhage. 


Fig.  273. — Perichondritis,  Necrosis,  and  Laryngeal  Ulceration.  (.Specimen  from  patient  dead  of 

typhoid  fever.) 

The  area  shown  near  the  center  indicates  the  outline  of  an  ulcer,  the  floor  of  which  was  smooth  and  healing. 
Near  the  center  is  seen  a black  necrotic  mass  of  exfoliating  cartilage. 


Leprosy,  actinomycosis,  and  rhinoscleroma  rarely  affect  the  larynx  and 
trachea.  Paratracheal  and  laryngeal  lesions,  in  any  of  these  conditions, 
may  extend  and  involve  the  structures  named. 

Perichondritis  is,  as  its  name  indicates,  an  inflammation  of  the  peri- 
chondrium. It  is  usually  secondary  to  acute  inflammations  of  the  over- 
lying  mucosa;  less  frequently  it  results  from  extension  of  an  infectious 
process  from  the  contiguous  tissues.  The  condition  is  rarely  primary, 

1 Lancet,  Aug.  2,  1902,  p.  293. 
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commonly  following  tuberculosis,  syphilis,  and  the  more  acute  infectious 
diseases,  such  as  typhoid  and  typhus  fevers,  smallpox,  and  erysipelas. 
Tubes  left  in  the  trachea,  probably  by  continuous  irritation,  may  give 
rise  to  inflammation  of  the  perichondrium.  Pus  formed  beneath  the  peri- 
chondrium escapes  through  the  submucosa  and  mucosa,  and  an  ulcer  fol- 
lows in  which  exfoliation  of  the  cartilage  takes  place;  the  necrosed  cartilage 
falls  into  the  larynx  and  is  expectorated,  or  it  may,  acting  as  a foreign 
body,  reach  a bronchus,  or,  lodging  in  the  air-passage  at  any  point,  may 
give  rise  to  acute  obstruction.  After  exfoliation,  in  nontuberculous  cases, 
the  ulcer  tends  to  heal.  In  both  tuberculosis  and  syphilis  separation  of 


Fig.  274. — Tracheal  and  Partial  Laryngeal  Stenosis  Following  Cicatrization  of  a Gumma. 
The  syphilitic  lesion  has  evidently  destroyed  parts  of  two  tracheal  rings,  and  extended  upward  into  the 
larynx.  The  cartilage  on  the  right  shows  results  of  a slowly  progressing  perichondritis,  with  beginning 
necrosis,  although  the  overlying  mucous  membrane  is  not  involved. 


the  necrotic  tissue  is  often  slow  and  may  be  delayed  for  months;  it  is  also 
possible  for  a small  area  of  necrotic  cartilage  to  be  healed  in  and  remain 
quiescent  during  a long  period,  or  even  indefinitely. 

Calcification  of  the  cartilages  is  seen  in  the  old,  rarely  in  the  young  or 
middle-aged. 

Edema1  of  the  glottis — edematous  laryngitis — may  be  acute  or  chronic. 

1 Straussler,  Prag.  med.  Woch.,  Nov.  12,  1903;  Rice,  N.  Y.  Med.  Jour.,  Dec.  3, 
1898,  p.  813;  Menzel,  Arch.  f.  Laryng.  u.  Rhin.,  vol.  xviii,  No.  1;  Sendziak,  Jour. 
Laryng.,  Rhin.  and  Otol.,  London,  Feb.,  1908;  Reardon,  N.  Y.  Med.  Jour.,  June  29, 
1907,  p.  1211. 
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The  acute  form  is  practically  always  inflammatory  and  may  be  due  to 
the  pneumococcus,  streptococcus,  pyogenic  staphylococci,  and,  although 
less  commonly,  to  a few  other  bacteria.  'Straussler  and  others  have 
described  instances  of  acute  circumscribed  edema,  involving  the  larynx 
and  thought  to  be  of  neuropathic  origin,  resembling  the  nodular  edemas 
of  the  skin  described  by  Quincke.  It  is  generally  conceded  that  acute 
primary  edema  laryngis  is  an  infection  by  some  of  the  bacteria  already 
mentioned.  In  some  cases  the  exudative  fluid  is  serous  (serous  edema), 
and  in  other  instances  the  change  resembles  diffuse  suppuration  (phleg- 
monous edema).  Either  of  these  may  result  from  inflammation  of  the 
overlying  mucosa  or  adjacent  tissues.  Definite  suppuration,  in  the  sense 
that  macroscopic  pus  is  present,  rarely  occurs. 

Chronic  forms  of  edema  of  a mild  degree  may 
suddenly  manifest  the  characters  of  an  acute 
inflammatory  edema. 

Chronic  edema  of  the  larynx  may  follow  or 
precede  the  acute  form  or  may  arise  independ- 
ently, the  latter  being  by  far  the  more  common. 

It  may  follow  venous  distention  seen  in  valvular 
heart  disease,  and  compression  of  the  veins  re- 
turning from  the  larynx  by  tumors,  cysts,  and 
goiter,  and  venous  retardation  due  to  thrombosis. 

Pulmonary  emphysema,  dropsical  affections  as- 
sociated with  kidney  diseases,  or  obstructive 
heart  lesions  may  terminate  fatally  by  an  attack 
of  edema  of  the  glottis;  chronic  infectious  proc- 
esses in  the  vicinity  are  not  infrequently  at- 
tended by  a mild  degree  of  edema.  In  either 
form  edema  may  threaten  life  by  occlusion  of 
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the  passage,  giving  rise  to  a condition  called  in-  fiG.  27s.— Trachea  op  Child 
flammatory  stenosis  of  the  larynx. 

Laryngeal  stenosis,  exclusive  of  malforma- 
tions, occurs  in  two  forms — (i)  functional  and 
(2)  organic.  Functional  stenosis  of  the  larynx 
results  from  paralysis  of  the  muscles  that  open, 
or  from  spasms  of  those  that  close  it.  The 
former  commonly  follows  faulty  innervation, 
due  to  central  disease  of  the  nerve-trunks,  or  brain,  or  is  secondary 
to  pressure  on  the  nerves  by  tumors,  aneurysms,  etc.  That  paralysis 
may  follow  degeneration  of  the  muscle  without  antecedent  nerve  change 
seems  doubtful.  Organic  stenosis  of  the  larynx  follows  contraction  in 
healing  ulcers,  notably  the  syphilitic  ulcerations;  laryngeal  tumors,  edema, 
and  inflammations;  pressure  from  without,  as  by  tumors  and  enlarge- 
ments of  the  surrounding  glands,  and  aneurysm.  The  lumen  may  be 
narrowed  as  the  result  of  hemorrhage  into  the  mucosa,  fracture,  or  other 
injury  to  the  laryngeal  structures,  as  in  throttling.  Laryngeal  obstruc- 
tion depending  upon  the  presence  of  false  membrane,  congenital  hypo- 
plasia, and  foreign  bodies  is  not  correctly  considered  among  the  stenoses, 
although  the  influence  upon  respiration  is  practically  the  same.  Jackson1 
has  shown  that  the  trachea  may  be  narrowed  by  acute  or  chronic  enlarge- 
ments of  the  thymus;  acute  thymic  asthma,  also  called  thymic  tracheo- 
stenosis, has  been  recognized  during  life  and  operated  upon  successfully. 

‘Jour.  Amer.  Med.  Assoc.,  May  25,  1907,  p.  1753. 


580 


SPECIAL  PATHOLOGY. 


Tumors  of  the  Larynx.1 — Adult  Epithelial. — Papillomata  are  by  far 
the  most  common.  They  may  consist  of  fibrous  as  well  as  epithelial  in- 
crease in  the  papilla,  and  nifty  be  soft  and  dendritic,  or  pachydermatous 
and  dense  from  the  thickening  and  subsequent  hardening.  In  some  cases 
multiple  papillomata  occur;  they  are  usually  small,  often  vascular,  and 
are  sometimes  pedunculated.  Papilloma  usually  arises  on  or  near  the 
vocal  cord  and  anterior  portions  of  the  larynx,  and  in  some  cases  the 
tumors  are  irregularly  distributed  over  the  whole  laryngeal  mucosa. 
Sometimes  the  histologic  resemblance  to  cancer  is  striking,  rendering  the 
microscopic  diagnosis  most  difficult.  All  forms  of  papilloma  are  likely  to 
undergo  transformation  into  cancer. 

Cancers  of  the  larynx  are  usually  epitheliomata;  248  of  486  cases  were 
of  the  squamous  type.  Since  Krishaber  made  the  division  into  intrinsic 
and  extrinsic,  systematic  writers  have  generally  accepted  the  two  forms. 
The  intrinsic  laryngeal  cancer  originates  from  the  true  or  false  vocal  cords, 
the  mucosa  of  the  ventricles,  or  less  frequently  lower  in  the  organ.  Send- 
ziak  found  but  5 subglottic  in  486  cases  of  laryngeal  cancer.  The  extrinsic 
cancer  arises  from  the  epiglottis  or  other  parts  of  the  pharynx  or  con- 
tiguous tissue;  it  is  very  much  less  frequent  than  the  intrinsic,  and, 
in  the  larynx,  does  not  extend  with  such  rapidity.  Papillomata  occur  in 
childhood  and  in  adolescence;  cancer  in  middle  life  or  later.  In  rare 
instances  papilloma  accompanies  or  may  even  follow  carcinoma;  the 
association  of  the  two  neoplasms  often  gives  rise  to  errors  in  diagnosis. 
Particles  excised  for  examination  are  likely  to  be  papillomatous,  and  hence 
the  concurrent  cancer  is  overlooked. 

Connective-tissue  tumors  of  the  larynx  are  not  frequent.  Harmer 
and  also  Fein  have  reported  instances  of  lymphangioma.  Fibrous 
polypi,  which  may  be  hard  or  soft,  have  occasionally  been  observed. 
Laryngeal  lipoma,  myxoma  and  chondroma  are  rare  tumors.  Sarcoma 
of  the  larynx  is  occasionally  observed. 

Tumors  of  the  trachea2  are  exceedingly  rare;  Schmidt  observed  7 
in  3120  tumors  of  the  upper  respiratory  tract.  The  malignant  growths 
may  be  primary  or  secondary,  usually  the  latter.  In  an  analysis  of  all 
the  recorded  cases  of  tracheal  tumor  Rosenheim  and  Warfield  found  that 
34  were  papillomata,  33  carcinomata,  30  chondromata  and  chondro- 
osteomata,  23  fibromata,  and  22  sarcomata.  Krieg  collected  201  primary 
tumors  of  the  trachea;  20  were  sarcomata  and  40  carcinomata;  the  remain- 
der were  of  undetermined  nature  or  nonmalignant.  Multiple  chondro- 
mata or  osteomata,  probably  arising  from  the  cartilages,  are  occasionally 
observed.  Thyroid  tumors  (intratracheal  goiter  or  struma)  sometimes 
arise  in  the  larynx  or  trachea  and  are  due  to  ectopic  islands  of  thyroid 
gland.  Bruns  reports  5 such  growths  and  has  been  able  to  collect  6 
from  literature;  frequently  they  show  no  anatomic  connection  with  the 

1 Von  Bruns,  Beitr.  z.  klin.  Chir.,  lxi,  Nos.  x and  2;  Terry,  Annals  of  Surgery, 
June,  1904,  p.  968;  de  Santi,  Lancet,  June  18,  1904,  p.  1710;  Culbert,  Amer.  Med., 
July  9,  1904;  Semon,  Lancet,  Nov.  5,  1904,  p.  1263;  Rosenheim  and  AVarfield, 
Amer.  Jour.  Med.  Sci.,  Juxxe,  1904,  p.  1045;  Goldstein,  The  Laryngoscope,  St. 
Louis,  1909;  Clark,  Boston  Med.  and  Surg.  Jour.,  Oct.  5,  1905,  p.  377;  Semon, 
Brit.  Med.  Jour.,  Feb.  2,  1907,  p.  241. 

2 Rosenheim,  Med.  News,  April  2,  1904,  p.  671;  Dalaixd  and  McFarland,  Jour. 
Amer.  Med.  Assoc.,  Sept.  3,  1904;  Brewer,  Med.  News,  Feb.  11,  1905,  p.  256; 
Rosenheim  and  Warfield,  Amer.  Jour.  Med.  Sci.,  June,  1904;  Krieg,  Beitr.  z.  klin. 
Chir.,  May,  1908,  lviii,  No.  1;  Muckleston,  Laryngoscope,  Dec.,  1909. 
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thyroid  gland;  occasionally  such  masses  become  cancerous.  Bruns  has 
operated  on  a malignant  intratracheal  struma. 


BRONCHI. 

Normal  Structure. — The  bronchi  consist  of  a series  of  tubes  lined 
by  columnar  epithelium,  which  is  ciliated  down  to  the  terminal  branches, 
in  which  it  becomes  cuboid  and  loses  the  cilia;  the  wall  of  the  bronchus, 
in  addition  to  the  cartilaginous  rings,  is  composed  of  fibrous  and  elastic 
tissue  and  of  a small  quantity  of  unstriped  muscle,  the  latter  being  most 
abundant  between  the  ends  of  the  imperfectly  encircling  cartilage.  The 
mucous  membrane  of  the  larger  bronchi  contains  numerous  mucous 
glands. 

Malformations. — When  arrest  of  development  has  occurred  previous 
to  the  structural  completion  of  the  lung,  the  bronchi  may  terminate 
as  blind  pouches  or  may  be  absent.  Congenital  narrowing  or  the  re- 
verse may  be  found.  (See  Bronchiectasis,  p.  585.) 

Hyperemia  and  congestion  manifest  themselves  under  the  same  con- 
ditions and  induce  changes  similar  to  those  already  described  when 
considering  the  larynx  and  trachea. 

Hemorrhage. — (See  Hemoptysis,  p.  590.) 

Catarrhal  bronchitis,  both  acute  and  chronic,  is  one  of  the  most 
frequent  diseases  of  the  bronchi. 

The  investigations  of  Ritchie1  clearly  establish  that  there  is  no  spe- 
cific organism  for  bronchitis,  but  that  the  condition  may  result  from 
infection  by  pneumococci,  streptococci,  and  occasionally  staphylococci ; 
in  many  cases  it  is  polymicrobic.  Of  186  nontuberculous  infections  of  the 
respiratory  tract  studied  by  Lord2 120  (sixty-four  per  cent.)  contained  more 
than  one  organism.  When  accompanying  grippe,  it  is  due  to  the  Bacillus 
influenzae,3  and  occasionally  is  caused  by  the  same  organism,  and  unaccom- 
panied by  the  other  symptoms  of  influenza.  Bronchitis  frequently 
affects  children  and  the  aged.  Sill1  states  that  293  of  1000  sick  children 
suffered  from  some  form  of  bronchial  inflammation.  In  both  extremes  of 
life  sudden  temperature  variations,  and  possibly  also  barometric  changes, 
seem  to  bear  a definite  relation  to  the  occurrence  of  the  attack.  Bronchial 
catarrh  to  some  degree  accompanies  practically  all  infections  in  which 
inflammation  affects  the  upper  air-passages;  it  is,  therefore,  common  in 
diphtheria,  scarlet  fever,  and  particularly  measles,  and  often  develops 
during  pertussis. 

Morbid  Anatomy. — The  changes  observed  in  the  bronchial  mucosa 
are  those  usually  present  in  acute  catarrhal  inflammations  of  a mucous 
membrane.5  Lemoine6  states  that  in  an  epidemic  of  grippe  he  observed 
18  cases  that  corresponded  to  the  type  of  bronchitis  which  has  been  called 
suffocative  bronchial  catarrh.  The  pathology  of  this  manifestation  is 
still  a matter  of  doubt,  but  the  clinical  features  indicate  that  the  intense 
asphyxial  symptoms  are  due  to  an  unusual  degree  of  submucous  swelling, 
and  consequent  narrowing  of  the  affected  tubes.  Bronchial  infections 

1 Jour,  of  Path,  and  Bact.,  1902,  vol.  vii,  No.  1. 

2 Boston  Med.  and  Surg.  Jour.,  May  18,  1905. 

3 See  p.  97. 

4 N.  Y.  Med.  Jour.,  Feb.  6,  1904,  p.  253. 

5 See  Inflammations  of  the  Mucous  Membranes,  p.  551. 

6 Soc.  med.  des  H6p.,  March  5,  1905. 
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frequently  extend  into  the  vesicular  structures,  giving  rise  to  catarrhal 
pneumonia.  In  the  larger  tubes  the  glands  of  the  mucosa  may  stand  out 
prominently,  constituting  a follicular  bronchitis.  When  the  inflammatory 
products  are  abundant,  clear,  serous  fluids,  the  name  bronchorrhea  is 
given;  bronchoblennorrhea  is  applied  to  the  condition  when  a puriform 
expectoration  is  present.  These  probably  represent  different  stages  in  the 
same  inflammatory  process.  Putrid  or  fetid  bronchitis  is  due  to  decom- 
position of  the  bronchial  secretion  by  saprophytic  bacteria;  it  is  usually 
associated  with  bronchiectasis,  the  dilated  cavities  affording  storage 
sufficient  to  permit  the  development  of  decomposition.  Similar  facilities 
are  present  in  pulmonary  gangrene,  in  empyema  with  perforation  of  a 


Fig. £276. — Lung,  Including  a Small  Bronchus.  Bronchitis  and  Beginning  Lobular  or  Broncho- 
pneumonia. 

The  bronchus  (center  of  field)  shows  desquamation  of  epithelium,  many  of  the  cells  being  completely 
detached  and  others  in  process  of  detachment.  The  bronchial  wall  is  infiltrated  by  mononuclear 
leukocytes.  Many  of  the  adjacent  air  vesicles  contain  a granular  deposit  resulting  from  precipitation, 
during  fixation,  of  an  albuminous  exudate;  in  this  granular  material  are  varying  numbers  of  mono- 
nuclear cells  and  epithelial  cells,  the  latter  having  been  shed  from  the  alveolar  walls. 


bronchus,  in  tuberculous  cavities,  etc.  By  some  the  condition  is  attrib- 
uted to  a specific  organism ; by  others,  to  the  colon  bacillus.  Actinomy- 
ces, oidium  albicans,  aerobic  bacteria  of  decomposition,  and  possibly  other 
organisms  may  be  active  in  producing  the  accompanying  fetor. 

Chronic  catarrhal  bronchitis  is  usually  a sequence  of  repeated  attacks 
of  the  acute  form.  The  persistence  of  the  bronchial  catarrh  is  favored 
by  systemic  vices  that  disturb  nutrition  or  excretion  or  both;  the  bron- 
chial inflammation  accompanying  gout,  nephritis,  and  diabetes  belongs 
with  this  group.  A bronchitis  of  varying  intensity  usually  accompanies 
the  chronic  pulmonary  congestion  of  uncompensated  heart  disease,1 
and  is  often  a part  of  chronic  interstitial  pneumonia,  emphysema,  and  the 
interstitial  changes  associated  with  pneumoconiosis.  When  the  bron- 

1 See  Brown  Induration  of  the  Lung  in  Chronic  Heart  Disease,  p.  521. 


ORGANS  OF  RESPIRATION. 


583 


chial  inflammation  has  persisted  for  any  length  of  time,  there  is  always  a 
tendency  toward  the  development  of  fibrous  tissue  around  the  bronchi — 
the  peribronchitis  chronica  of  German  writers.  In  some  cases  atrophic 
changes  occur  in  the  mucosa,  converting  the  moist  mucous,  or  mucopuru- 
lent, form  into  the  dry  catarrh.  (See  Fig.  261,  p.  554.)  Chronic  bron- 
chitis is  a recognized  cause  of  bronchiectasis.  The  relation  of  emphysema 
to  chronic  bronchial  disease  will  be  considered  later.  Frankel1  describes  a 
form  of  bronchitis  affecting  particularly  the  smaller  bronchi  (bronchiolitis), 
attended  by  marked  fibrous  induration  in  the  pulmonary  tissue  and 
obliterating  changes  in  the  bronchioles. 

Fibrinous2  or  pseudomembranous  inflammations  of  the  bronchi  may 
be  acute  or  chronic.  Acute  fibrinous  bronchitis  is  usually  due  to  the 
diphtheria  bacillus  and  frequently  accompanies  diphtheria,  particularly 


Fig.  277. — Chronic  Caseous  Bronchitis,  Tuberculous  Bronchitis,  Caseous  Softening  of  the  Bron- 
chial Wall,  with  Thickening  of  the  Peribronchial  Tissue,  Peribronchitis  Chronica. 
(Schmcius .) 

a.  Bronchus  with  thickened  and  caseous  wall  surrounded  by  a layer  of  fibrous  tissue.  Several  other 
bronchi  are  shown,  but  representing  slightly  different  degrees  of  the  process,  b.  Transverse  section 
of  interlobular  septum,  c.  Blood-vessel. 

the  laryngeal  form.  It  may  also  be  caused  by  the  pneumococcus  and 
less  frequently  by  staphylococci.  With  regard  to  the  conditions  giving 
rise  to  chronic  fibrinous  bronchitis3  we  are  less  fully  informed.  Finckh 
describes  a pseudomembranous  bronchitis  accompanying  pulmonary 
actinomycosis,  and  it  is  well  known  that  false  membrane  in  the  bronchi 
may  be  a manifestation  of  chronic  tuberculosis.  Lange  reports  the 
occurrence  of  a type  of  bronchial  lesion  manifested  by  the  presence 
of  homogeneous  plugs  in  the  bronchioles  sometimes  extending  into  the 
alveoli  and  containing  no  demonstrable  bacteria. 

Morbid  Anatomy. — In  both  the  acute  and  chronic  forms  of  fibrinous 
bronchitis  casts  are  often  expectorated;  they  may  be  fragmentary  or 

1 Deut.  Arch.  f.  klin.  Med.,  1901,  Bd.  lxxiii. 

2 Hochhaus,  Deut.  Arch.  f.  klin.  Med.,  vol.  lxxiv,  Nos.  1 and  2;  Chaplin,  Hunte- 
rian Society,  Nov.  26,  1902,  also  Lancet,  Dec.  13,  1902,  p.  1630;  Liebermeister, 
Deut.  Arch.  f.  klin.  Med.,  1904,  vol.  lxxx.  Nos.  5 and  6;  Lange,  Deut.  Arch.  f.  klin. 
Med.,  vol.  lxxix,  H.  3 and  4;  Finckh,  Beitr.  z.  klin.  Chir.,  vol.  xli,  No.  3. 

3 Burvill-Holmes,  New  York  Med.  Jour.,  April  25,  1908. 
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represent  a relatively  large  bronchial  tree.  The  medium  sized  and 
larger  portions  of  the  casts  usually  possess  lumina  that  can  be  recognized 
in  the  gross  specimen.  Smaller  casts  may  be  solid.  Liebermeister  has 
shown  that  they  contain  fibrin  and  that  mucus  may  be  present.1 

Gangrenous  and  hemorrhagic  inflammations  of  the  bronchi  are  rare, 
and  follow  or  accompany  pulmonary  gangrene,  the  inspiration  of  power- 
ful irritants,  and  the  presence  of  foreign  bodies.  Such  lesions  are  occa- 
sionally observed  in  pyemia  and  other  septic  manifestations,  and  some- 
times are  secondary  to  extensions  from  empyema. 

Suppurative  peribronchial  lymphangitis  is  an  inflammation  of  the 
lymphatics  surrounding  the  bronchi.  The  condition  may  follow  pleurisy 
— more  especially  the  suppurative  form  (empyema) — abscess,  gan- 
grene, septicemia,  pyemia,  and  allied  infectious  diseases.  It  is  not 
recognizable  during  life,  and  postmortem  is  manifested  by  a purulent 
infiltration  of  the  peribronchial  tissues,  at  times  extending  to  the  lym- 
phatic nodes;  if  not  due  to,  it  is  usually  followed  by,  septicemia  or  pyemia.2 

Tuberculosis  of  the  bronchi  is  usually  secondary  to  a pulmonary 
lesion.  Commonly  it  accompanies  the  chronic  caseous  tuberculosis, 
although  in  the  acute  miliary  form  tubercles  in  the  submucosa  of  the 
bronchus  may  be  observed.  Chronic  caseous  bronchitis  or  peribron- 
chitis is  a manifestation  of  tuberculosis.  In  the  actinomycotic  peri- 
bronchitis transverse  sections  of  recent  lesions  usually  reveal  the  fun- 
gous granules.3  According  to  Fiitterer,4  the  new  tissue  in  the  sub- 
mucosa and  adjacent  structures  possesses  a sulphur-like  hue  and  lung 
involvement  occurs  late.  Syphilitic  bronchitis  and  peribronchitis  are 
rare  occurrences  and  are  usually  due  to  an  associated  syphilitic  inter- 
stitial pneumonia. 

Pigmentary  infiltration5  of  the  bronchial  mucosa  and  the  effects  of 
congestion  have  been  studied. 

Stenosis  of  the  bronchi  may  be  due  to  swelling  of  the  mucosa  (bron- 
chial turgescence,  such  as  occurs  in  bronchial  asthma) ; to  occlusion, 
more  or  less  complete,  by  fibrinous  exudate  or  mucus;  to  pressure  from 
peribronchial  exudates,  as  in  tuberculosis,  or  to  contraction  of  newly 
formed  cicatricial  tissue,  as  in  syphilis;  to  intrabronchial  tumors;  or 
to  pressure  from  neoplasms  of  the  lung  or  peribronchial  lymph-nodes 
or  from  aortic  aneurysms,  mediastinal  tpmors,  and  neoplasms  of  the 
esophagus.  Foreign  bodies  may  obstruct  or  occlude  the  bronchi.  Atelec- 
tasis and  atrophic  or  inflammatory  changes  occur  in  the  lung  tissue  beyond 
the  point  of  stenosis,  while  bronchiectasis  may  develop  in  the  bronchus 
on  the  trachea  side  of  the  obstruction. 

Asthma0  has  been  attributed  to  (1)  hyperemia  and  (2)  swelling  of 
the  mucosa  of  the  smaller  bronchioles,  and  (3)  to  an  exudative  bron- 
chiolitis. The  recent  studies  of  Brodie  and  Dixon  indicate  that  the 
anatomic  basis  of  acute  asthma  is  spasm  of  the  smaller  bronchi.  The 
careful  investigations  of  Ellis  and  also  of  Auld  have  failed  to  disclose  any 
specific  morbid  anatomy  of  asthma.  The  most  constant  constituent  of 

1 The  structure  and.  development  of  these  casts  are  discussed  on  p.  557. 

2 See  Pulmonary  Suppuration,  p.  599. 

3 See  p.  145. 

4 N.  Y.  Med.  Jour.,  Aug.  24,  1901. 

5 See  Infiltrations  of  the  Mucous  Membranes,  p.  547;  also  Pigmentary  Infiltration, 
p.  222. 

6 Ellis,  Amer.  Jour.  Med.  Sci.,  Sept.,  1908;  Auld,  Brit.  Med.  Jour.,  Dec.  26,  1908, 
p.  1850;  Saenger,  Ueber  Asthma  u.  Seine  Behandlung,  Berlin,  1910. 
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the  sputum  is  viscid  mucus  in  which  ma}r  be  imbedded  epithelial  cells, 
leukocytes  of  various  types,  eosinophile  cells,  Charcot-Leyden  crystals, 
and  spirals. 

Bronchiectasis,1  or  dilatation  of  a bronchus,  occurs  in  two  forms 
— (1)  congenital  and  (2)  acquired.  (1)  Congenital  bronchiectasis  is  uni- 
lateral, usually  general,  affecting  many  or  all  of  the  bronchi  of  that 
side  ( bronchiectasis  universalis,  Grawitz).  The  condition  is  a tubular 
or  cylindric  dilatation  of  the  bronchial  tubes  It  is  very  rare,  and  the 
cause  is  but  poorly  understood.  (2)  Acquired  bronchiectasis  arises  as 
the  result  of  chronic  bronchial  inflammation,  interstitial  pneumonia, 
atelectasis,  adhesions  of  the  pleura,  tuberculosis,  peribronchial  inflam- 
mations, usually  tuberculous,  or  accumulated  bronchial  secretions. 
Foreign  bodies  in  the  bronchi  and  tumors  may  also  be  causes.  Two 
conditions  are  necessary  in  bronchiectasis:  (1)  Some  lesion  leading 

to  softening  of  the  bronchial  wall;  (2)  a distending  force.  All  the  fore- 
going offer  these,  and  any  conditions  inducing  them  may  bring  about 
dilatation.  The  inflammatory  conditions  soften  the  walls,  and  the 
attending  cough  offers  the  distending  force;  where  an  area  of  the  lung 
is  collapsed,  the  bronchus  delivering  air  to  that  part  is  subjected  to 
inspiratory  distention,  and  commonly  dilates.  A number  of  observers 
have  described  a form  of  bronchiectasis  involving  the  bronchioles,  and 
hence  called  bronchiolectasis.  The  condition  is  said  to  develop  acutely, 
and  hence  is  termed  acute  bronchiectasis,  or  bronchiolectasis. 

As  a rule,  the  bronchiectatic  cavities  are  fairly  evenly  distributed 
within  the  lung.  In  over  fifty  per  cent,  of  the  cases  but  one  lung  is 
involved.  Any  part  of  the  lung  may  contain  dilated  bronchi,  but  ap- 
parently they  are  most  frequent  in  the  lower  and  middle  lobes.  State- 
ments to  the  contrary  probably  arise  from  failure  to  differentiate  the 
cavities  of  tuberculosis  from  those  due  to  bronchiectasis. 

The  bronchiectatic  cavity  may  be  uniform,  cylindric,  or  tubular,  as 
in  the  bronchiectasis  universale;  fusiform  or  spindle-shaped,  saccular, 
globular,  or  irregular  in  outline;  the  last  is  found  in  bronchiectasis  due 
to  interstitial  pneumonia.  As  one  part  of  the  bronchial  wall  is  nearly 
always  weaker  than  some  other  point,  the  cavity  is  rarely  symmetric. 
The  cavity  of  a dilated  bronchus  may  be  8 cm.  or  even  larger,  in 
diameter,  and  from  that  size  down  to  an  almost  inappreciable  dilata- 
tion. The  cavity  may  be  differentiated  from  those  due  to  tuberculosis 
by  the  following  points:  In  bronchiectasis  the  wall  may  be  smooth  and 

lined  with  epithelium,  and  may  contain,  at  points,  if  not  throughout,  rem- 
nants of  the  normal  bronchial  wall;  if  the  cavity  be  roughened  by  ulcera- 
tion, it  is  at  the  most  dependent  point.  The  points  of  entrance  and  exit 
of  the  bronchus  may  be  seen.  No  shreds  of  blood-vessels  or  of  other 
bronchi  or  bronchioles  are  to  be  seen  in  the  wall  or  extending  into  the 
cavity.  Recognition  of  the  cause  may  aid  in  differentiation.  The  absence 
of  tubercle  bacilli  and  of  anatomic  tubercles  in  the  wall,  of  course,  excludes 
tuberculosis. 

1 Criegern,  Ueber  akute  Bronchiektasie,  Leipzig,  1903;  Hondo,  Centralbl.  f. 
allg.  Path.  u.  path.  Anat.,  1904,  No.  3,  p.  129;  Edens,  Deut.  Arch.  f.  klin.  Med.,  1904; 
Bd.  lxxxi,  H.  3 and  4;  Siewert,  Berl.  klin.  Woch.,  Feb.  8,  1904;  Jochmann  and 
Moltrecht,  Ziegler’s  Beitr.,  1904,  Bd.  xxxvi,  H.  2;  King,  Jour,  of  Path,  and  Bact., 
July,  1904,  p.  471;  King,  Scottish  Med.  and  Surg.  Jour.,  June,  1904,  Sandoz, 
Beitr.  z.  pathol.  Anat.  u.  allg.  Pathol.,  xli,  No.  3;  Capuzzo,  II  Morgagni,  1908,  1 
p.  789. 
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The  cavity  often  contains  accumulated  secretion,  and  this  is  frequently 
fetid,  owing  to  saprophytic  infection  and  decomposition.  Ulceration 


A. 


Fig.  278. — Lung,  Emphysema  and  Bronchiectasis.  (Natural  size.) 

Emphysema  vesicle.  B.  Enlarged  peribronchial  gland.  C . Enlarged  peribronchial  gland,  pigmented. 

D,  D,  D.  Dilated  bronchi. 


may  open  the  peribronchial  lymphatics  and  infection  of  the  contiguous 
tissue  may  ensue,  giving  rise  to  pulmonary  abscess  or  to  gangrene. 
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Tumors  of  the  bronchi,  as  primary  growths,  are  exceedingly  rare. 

Bronchioliths,1  so  called,  rarely  arise  in  the  bronchi,  although  it  is 
possible  that  inspissated  secretion  calcifies  if  retained  sufficiently  long. 
Concretions  of  this  kind  usually  result  from  calcified  tuberculous  areas 
or  glands  which  erode  into  the  bronchi.  The  expectoration  of  lung  stones 
is  usually  associated  with  pulmonary  excavation,  and  has  been  called 
lithogenous  phthisis.  In  the  case  reported  by  Stem  the  patient  coughed 
up  at  least  twenty  such  calculi.  Some  of  these  bodies  are  parts  of  ex- 
foliated cartilage,  and  it  is  probable  that  all  containing  true  bone  possess 
this  origin.  Chemically,  bronchioliths  are  composed  of  carbonate  and 
phosphate  of  lime.  • 


LUNGS. 

Normal  Structure. — The  bronchi,  by  dichotomous  division,  even- 
tually terminate  in  the  infundibula,  around  which  are  arranged  the 
air  vesicles.  The  ciliated  epithelial  cells  lining  the  bronchi  become 
low,  nonciliated,  and  eventually  polygonal  cells,  which,  in  turn,  are 
transformed  into  flat,  pavement-like  cells  in  the  air-vesicle.  The  wall 
of  the  air  vesicle  is  composed  of  fibrous  and  elastic  tissue,  in  which  ramify 
the  capillaries  derived  from  the  pulmonary  artery.  The  nutrition  is 
dependent  upon  the  bronchial  circulation.  The  normal  weight  of  the 
lungs  is  subject  to  wide  variations  because,  no  matter  what  condition 
has  given  rise  to  death,  the  slow  circulation  of  the  agonal  period  gives 
rise  to  an  increased  amount  of  blood  and  serum  in  the  pulmonary  tissues. 
It  is  usually  stated  that  the  left  lung,  which  is  the  lighter,  weighs  from  300 
gm.  to  450  gm.,  and  the  right  lung  from  350  gm.  to  550  gm.  The  studies 
of  Spitzka2  on  the  lungs  of  criminals  executed  by  electricity  show  that  the 
normal  left  lung  weighs  from  216  gm.  to  280  gm.,  and  the  right  from  240 
gm.  to  350  gm. 

Malposition  of  the  lung  may  be  congenital  or  acquired;  a lung  that 
has  never  expanded  lies  near  the  median  line  posteriorly  and  so  occupies 
a position  that  is  essentially  normal.  In  eventration  of  the  diaphragm3 
the  lung  on  the  affected  side  is  usually  unexpanded  and  displaced  toward 
the  apex  of  the  pleural  cavity.  Acquired  malposition  of  the  lung  results 
from  altered  pressure  relations  within  the  thoracic  cavity  and  abnormal 
openings  in  the  wall.  The  most  important  of  the  pulmonary  malposi- 
tions are  the  hernias  of  the  lung.4  Wounds  in  the  thoracic  wall  may 
permit  a lobe  or  part  of  a lobe  to  escape  the  chest  cavity.  When  fenestra, 
or  wounds,  involve  the  diaphragm,  usually  an  abdominal  viseus  enters 
the  thoracic  cavity;  only  rarely  is  the  hernia  in  the  opposite  direction.  A 
number  of  observers  have  shown  that  it  is  possible  for  pulmonary  hernia 
to  occur  without  wounds  in  the  chest  wall.  The  apex  of  the  lung  may 

1 Stern,  Deut.  med.  Woch.,  1904,  xxx,  No.  39,  14x4;  Atlee,  Amer.  Jour,  of  Med. 
Sci.,  July,  1901;  Farr,  International  Clinics,  vol.  iv,  series  18;  Bickel  and  Grauiv 
macli,  Berl.  klin.  Woch.,  1908,  No.  1. 

2 Proceed,  of  the  Assoc,  of  Amer.  Anatomists,  1903,  p.  5. 

3 This  condition  is  briefly  described  on  p.  484;  see  also  Doering,  Deut.  Arch.  f. 
klin.  Med.,  1901,  Bd.  lxxii,  H.  5 and  6;  Glaser,  Deut.  Arch.  f.  klin.  Med.,  1903,  H.  3 
and  4;  Sailer  and  Rhein,  Amer.  Jour.  Med.  Sci.,  April,  1905,  p.  688. 

4 Reibold,  Munch,  med.  Woch.,  March  8,  1904,  p.  433;  Bickel,  Deut.  Arch.  f. 
klin.  Med.,  Bd.  lxxviii;  Durlacher,  Wien.  klin.  Rundschau,  1905,  No.  7;  Cahen, 
Miinch.  med.  Woch.,  Jan.  3,  1905,  p.  25;  Farr,  Medicine,  May,  1904. 
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rise  in  the  neck  to  an  abnormal  height,  and  in  rare  cases  a true  cervical 
or  supraclavicular  pulmonary  hernia  may  occur. 

Malformation1  of  the  lung  is  infrequent.  Absence  of  a whole  lung 
or  a part  of  a lung,  occasionally  occurs;  absence  of  both  lungs  has  been 
observed.  Additional  lobes  ( multilobulated  lung)  have  been  found 
present  in  numerous  instances.  Aberrant  lobes,  or  even  a miniature 
lung  unconnected  with  any  normal  or  patulous  air-passage,  have  been 
observed.  Hypoplastic  or  underdeveloped  lobules  or  rarely  lobes  have 
been  found,  and  the  reverse  may  occur.  Arrest  of  development  in- 
volving part  of  a lung,  or  it  may  be  all  of  one  lung,  is  usually  associated 
with  the  corresponding  overdistention  of  the  developed  portion  of  the 
affected  organ,  or  opposite  lung,  constituting  a compensatory  emphy- 
sema. (See  Emphysema.) 

Hyperemia  (active  congestion  or  active  hyperemia  of  some  writers) 
occurs  in  violent  exercise,  in%the  initial  stage  of  acute  inflammations 
of  the  lungs  or  pleurae,  in  the  chill  or  cold  stage  of  malarial  and  septic 
paroxysms,  and  in  allied  conditions  that  incite  powerful  cardiac  action; 
excessive  heat  or  cold  is  also  said  to  favor  hyperemia.  It  is  asserted 
that  pulmonary  hyperemia  precedes  death  from  disease  of  the  coronary 
arteries;  disease  and  injury  of  the  pons  or  medulla  are  possible  causes. 
Localized  hyperemia  occurs  around  diseased  areas  that  interfere  with 
the  circulation,  such  as  infarcts,  circumscribed  catarrhal  or  croupous 
pneumonia,  and  areas  invaded  by  any  of  the  chronic  infectious  diseases 
to  which  the  lung  is  liable. 

If  the  lesion  be  purely  a hyperemia,  the  condition  to  be  noted  in 
the  initial  stage  of  fibrinous  pneumonia  will  be  found. 

Congestion  (passive  hyperemia  or  passive  congestion  of  some  writers) 
is  dependent  upon  slowing  of  the  pulmonary  circulation  from  (i)  de- 
ficient force  from  the  right  heart;  (2)  from  nonaeration  of  the  lung; 
(3)  from  increased  tension  in  the  pulmonary  veins,  usually  due  to  im- 
peded progress  in  the  left  heart,  as  in  valvular  disease  of  the  mitral 
orifice,  associated  with  obstruction  or  regurgitation.  In  the  vast  major- 
ity of  cases  more  than  one  of  these  causes  will  be  found  acting.  Two 
forms  of  pulmonary  congestion  are  constantly  observed — (1)  brown 
induration  and  (2)  hypostatic  congestion.  Brown  induration  has  already 
been  described.  (See  p.  521.)  It  results  from  disease  of  the  left  heart 
most  commonly,  but  may  be  brought  about  when  any  obstacle  beyond 
the  pulmonary  capillaries  impedes  the  circulation.  Pulmonary  edema 
is  frequently  associated  with  chronic  congestion. 

Hypostatic  congestion  arises  as  the  result  of  weakened  heart  action, 
deficient  respiration,  and  the  nfluence  of  gravity.  It  is  found  in  febrile 
conditions  (e.  g.,  typhoid  fever),  in  the  aged,  and  after  prolonged  stay 
in  the  recumbent  posture,  as  when  a fractured  limb  is  treated  with 
the  patient  prone. 

This  form  of  congestion  has  also  been  observed  in  poisoning  by  morphin 
^nd  by  chloral,  and  in  association  with,  or  following,  disease  and  injuries 

1 Springer,  Prager  med.  Woch.,  Aug.  4,  1898;  Hanson,  Jour.  Amer.  Med.  Assoc. 
Sept.  14,  1901,  p.  701;  Neisser,  Zeit.  f.  klin.  Med..,  vol.  xlii;  Lewisohn,  Centralbl.  f. 
allg.  Path.  u.  path.  Anat.,  Nov.  15,  1903;  Humbert,  Revue  de  Med.,  1904,  vol.xxiv; 
Oberwarth,  Mittheilungen  a.  d.  Grenzgebieten  d.  Med.  u.  Chir.,  1904,  Bd.  xiii,  H.  4 
and  5;  also  Jahrbuch  f.  Kinderheilkunde,  1904,  Bd.  lx;  Couvelaire,  Revue  Mens, 
des  Mai.  l’Enfants,  Feb.,  1904;  Otto,  Inaug.  Diss.,  Munchen,  1904;  Paterson,  Jour. 
Anat.  and  Physiol.,  vol.  xliv,  p.  394. 
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of  the  brain;  in  the  latter  case  the  condition  is  further  favored  by  deficient 
movement  or  innervation  of  the  side  affected  and  is  usually  most  marked 
when  paralysis  is  present.  All  forms  of  coma  favor  the  development  of 
hypostatic  congestion. 

Being  influenced  by  gravity,  the  dependent  parts  of  the  lung  are 
principally  involved.  The  affected  area  is  dark  in  color,  often  almost 
black,  much  heavier  than  normal,  pits  on  pressure,  and  when  incised, 
blood  or  bloody  serum  streams  from  the  cut  surface.  The  blood  may 
be  retained  in  the  vessels  and  the  serum  in  the  intervesicular  struc- 
ture, in  which  case  the  affected  area  floats  in  water;  not  uncommonly, 
however,  the  serum  and  even  some  blood  permeate  the  vesicular  wall 
and  penetrate  the  air  alveolus,  in  which  case  areas  may  be  selected  which 
sink  in  water.  This  latter  condition  has  been  called  splenization  and 
hypostatic  pneumonia.  When  hemorrhage  or  infiltration  of  blood  oc- 
curs in  the  vesicular  wall,  the  changes  observed  may  resemble  those  seen 
in  diffuse  pulmonary  apoplexy. 

The  gross  anatomy,  as  just  given,  indicates  the  histology.  In  poorly 
marked  cases,  after  hardening,  very  slight  histologic  changes  may  be 
evident;  a few  leukocytes  and  mucous  cells  in  excess  are  present  in 
the  vesicles;  the  vesicular  epithelium  is  found  cloudy  and  often  des- 
quamating. In  more  marked  cases,  in  addition  to  the  foregoing,  the 
vesicles  contain  more  or  less  blood,  and  infiltration  of  the  pulmonary 
connective  tissue  by  serum  and  blood  may  be  demonstrable. 

Pulmonary  edema1  may  be  general  or  local,  acute  or  chronic.  The 
acute  may  be  further  divided  into  the  acute  simple  and  the  acute  ful- 
minating. Acute  fulminating  pulmonary  edema  appears  suddenly,  some- 
times when  the  previous  health  has  given  no  warning.  Arteriosclerosis 
is  usually  present  in  this  as  in  other  forms  of  edema  of  the  lung,  and 
in  most  cases  there  is  also  a chronic  interstitial  nephritis.  Brouardel 
does  not  recall  having  seen  a case  of  pulmonary  edema  without  renal 
lesions;  Allbutt  has  noted  its  association  with  aortitis.  The  condition 
may  be  produced  experimentally  by  the  admininistration  of  adrenalin. 
This  hyperacute  form  may  run  its  course  and  terminate  fatally  within 
an  hour.  At  the  autopsy  the  lungs  are  found  hyperemic,  in  areas  in- 
undated, and  the  bronchi  filled  with  a reddish,  frothy  mucus.  Should 
the  patient  survive  a single  attack,  recurrences  are  not  infrequent. 
The  patient  reported  by  Lissaman  had  seventy-two  attacks  in  two  and 
a half  years;  during  one  attack  1260  c.c.  of  fluid  was  expectorated  in 
eight  hours.  The  simple  acute  pulmonary  edema  appears  with  less 
rapidity  and  is  rarely  so  intense.  The  bronchial  contents  and  sputum 
are  not  so  red,  although  the  quantity  of  albumin  is  usually  greater. 
It  occurs  especially  in  connection  with  pulmonary  congestion,  nephritis, 
arteriosclerosis,  and  cardiac  failure.  It  may  accompany  violent  septic 
processes  and  pulmonary  embolism.  Anatomically  the  lung  is  the 
seat  of  changes  essentially  similar  to  those  in  the  next  form  to  be  de- 
scribed. Chronic  pulmonary  edema  is  observed  in  Bright’s  disease,  par- 
ticularly chronic  parenchymatous  nephritis.  It  may  also  be  caused  by 
chronic  pulmonary  congestion,  profound  anemias,  mediastinal  tumors, 

Pedersen,  Armais  of  Surg.,  Jan.,  1906;  Riesman,  Amer.  Jour.  Med.  Sci.,  Jan., 
1907;  Hoesslin,  Munch,  med.  Woch.,  Oct.  20,  1907;  Gerhardt,  Corr.-Bl.  f. 
Schweizer  Aerzte,  May  15,  1908;  Cross,  St.  Paul  Med.  Jour.,  July,  1909;  Miller 
and  Matthews,  Arch.  Intern.  Med.,  Oct.,  1909,  p.  35.6;  Petren  and  Bergmark, 
Archiv.  des  mal.  du  Coeur.,  Fev.,  1910,  p.  65. 
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and  in  any  condition  in  which  the  death  agony  is  prolonged.  The  pul- 
monary edema  associated  with  albuminous  expectoration  and  follow- 
ing thoracocentesis,  usually  resembles  the  acute  simple  form  of  edema 
of  the  lungs,  but  may  possess  some  of  the  characters  of  the  chronic 
form.  Chronic  pulmonary  edema  is  usually  held  to  be  the  result  of 
increased  tension  in  the  capillaries  of  the  lung,  associated  with  changes 
in  the  endothelium.  There  is  a growing  belief  that  it  may  be  due  to 
infection;  Blumer  has  found  that  such  lungs  frequently  contain  bacteria. 

Morbid  Anatomy. — In  marked  cases  the  whole  lung  is  affected,  but 
all  parts  are  not  involved  to  the  same  degree;  the  lesion  is  most  intense 
in  the  dependent  areas.  The  lung  pits  on  pressure,  does  not  always 
crepitate  throughout,  is  often  boggy,  and  is  always  more  succulent 
than  normal.  In  the  absence  of  hyperemia  the  organ  is  pale,  but,  as 
the  blood-content  is  nearly  always  increased,  the  color  is  commonly 
dark.  As  soon  as  incised,  serum,  which  is  usually  blood-stained  and 
frothy,  streams  from  the  cut  surface.  The  greatly  increased  weight 
is  clearly  due  to  the  large  amount  of  serum  and  excess  of  blood  in  the 
organ;  usually  the  lung  crepitates  throughout,  but  in  marked  cases 
selected  areas  may  be  airless.  In  such  cases  the  air-vesicles  may  be 
filled  by  transuded  serum,  or  it  is  possible  that  serum  in  the  bronchi 
may  be  aspirated  into  and  fill  the  lobules.  It  is  rare  for  large  areas 
to  be  solidified.  Microscopically  the  vascular  distention  is  often  slight, 
but  may  be  marked.  The  interstitial  tissues  are  separated  and  many 
of  the  air-vesicles  contain  serum  and  a few  cells.  In  the  absence  of 
infarction  red  cells  are  never  abundant  in  the  alveoli.  There  is  nearly 
always  more  or  less  evidence  of  bronchitis,  which  is  catarrhal  in  type. 
Sometimes  at  autopsy  the  lungs  are  gelatinous  and  trembling,  and  in 
such  cases  I have  found  a small  amount  of  fibrin  which  may  be  an 
evidence  of  postmortem  coagulation  of  the  edema  fluid. 

Localized  pulmonary  edema  occurs  around  neoplasms,  infarcts,  and 
acute  inflammatory  and  tuberculous  areas  in  the  lung.  The  condition 
is  sometimes  called  collateral,  circumscribed,  or  focal  edema,  and  is 
always  determined  by  some  local  lesion. 

Hemoptysis,  also  called  blood-spitting,  bronchopulmonary  hemor- 
rhage, or  simply  pulmonary  hemorrhage,  may  be  due  to  falls,  blows 
upon  the  chest,  wounds  of  the  lung  or  bronchi,  or  other  forms  of  trauma. 
The  most  common  cause  is  tuberculosis,  in  which  condition  the  hemor- 
rhage may  be  due  to  miliary  or  ulcerative  lesions  of  the  air-passages, 
or  the  rupture  of  vessels,  whether  aneurysmal  or  not,  in  cavities.  Weis- 
mayr1  strongly  urges  the  older  belief  that  most  of  the  hemorrhages 
are  due  to  aneurysms  in  caseous  cavities.  Any  form  of  laryngeal,  tracheal, 
or  bronchial  ulceration  in  which  a bronchial  artery  is  opened  may  be  a 
cause.  Bronchiectasis  rarely  gives  rise  to  hemoptysis.  In  pulmonary 
congestion,  such  as  accompanies  heart  disease,  and  in  hyperemia  of 
beginning  pulmonary  inflammation,  slight  hemorrhages  sometimes 
occur.  In  malignant  tumors  of  the  lung,  or  tumors  involving  the  bronchi, 
trachea,  or  larynx,  hemoptysis  is  occasionally  observed.  Leprosy  and 
actinomycosis  may  be  mentioned  among  the  rare  causes.  Pulmonary 
abscess  and,  especially,  gangrene  of  the  lung  often  give  rise  to  bleeding 
which  may  be  fatal.  Aneurysm  of  the  pulmonary  artery  or  its  branches, 
of  the  aorta,  innominate,  internal  carotid,  or  even  the  subclavian,  may 
rupture  into  the  air-passages.  Rarely  the  hemorrhage  is  vicarious. 

1 Wien.  klin.  Rundschau,  April  20,  1902. 
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Hemoptysis  is  occasionally  observed  in  hysteria;  Pende1 2  has  reported  an 
instance  of  fatal  hysteric  hemoptysis  in  which  no  lesion  could  be  found  in 
the  lung  at  autopsy.  Pulmonary  hemorrhage  is  sometimes  observed  in 
purpura,  scurvy,  and  occasionally  in  leukemia.  In  pulmonary  disto- 
matosis3 — endemic  hemoptysis  of  China  and  Japan — hemorrhage  consti- 
tutes a conspicuous  symptom.  Wright  believes  that  in  hemoptysis  the 
inordinate  hemorrhage  often  depends  upon  lessened  coagulability  of  the 
blood.  Reed3  reports  an  instance  of  synchronous  bilateral  pulmonary 
hemorrhage  brought  about  by  a heavy  lift.  At  the  autopsy  extensive 
interstitial  hemorrhage  was  found  in  the  central  portion  of  both  lungs; 
anatomically  the  lesion  resembled  an  infarct.  In  a certain  number  of 
cases  no  assignable  cause  can  be  found;  in  a few  of  these  the  hemorrhage 
may  recur  a number  of  times  without  any  discernible  organic  lesion  pre- 
ceding, accompanying,  or  following  it.  To  this  class  properly  belong 
vicarious  hemoptysis,  as  well  as  that  which  may  accompany  pregnancy; 
in  the  latter  instance  cases  are  recorded  in  which  successive  pregnan- 
cies have  been  accompanied  by  recurring  hemoptysis. 

The  effect  of  hemoptysis  may  be  local  or  general.  Locally,  a slowly 
manifested  hemorrhage  may  be  aspirated  into  the  air- vesicles  and  gradu- 
ally inundate  the  bronchial  system;  a marked  or  severe  hemorrhage 
may  rapidly  flood  the  respiratory  passages  and  be  immediately  fatal. 
The  hemorrhage  can  develop  so  slowly  that  no  phenomenon  during  life 
is  observed,  and  postmortem  much  of  the  lung  may  be  found  filled  with 
the  effused  blood.  If  large  cavities  are  present  in  the  lung,  hemorrhage 
may  fill  them  with  blood  and  cause  death  without  blood-spitting.  The 
general  phenomena  are  those  of  shock.  If  death  occur  during  the  attack, 
the  lung  postmortem  is  more  or  less  distended  or  inundated  with  blood; 
antemortem  and  postmortem  coagula  are  found  in  cavities,  when  such  are 
present,  as  well  as  in  the  bronchi.  Patients  rarely  die  as  a result  of  the 
bleeding,  consequently  the  causes  may  be  of  more  interest  than  the 
hemorrhage. 

Hemorrhagic  infiltration  or  infarction4  ( pulmonary  embolism,  or 
pulmonary  apoplexy ),  consists  in  an  arrest  of  the  circulation  in  a given 
area  of  the  lung,  vascular  rhexis  with  infiltration  of  the  intervesicular 
structure,  and  effusion  of  blood  into  the  air-vesicles. 

The  condition  results  from  occlusion  of  a branch  of  the  pulmonary 
artery  by  a thrombus  (autochthonous  embolism)  or  an  embolus.  The 
latter  usually  reaches  the  heart  from  the  venous  circulation,  as  in  phleg- 
masia alba  dolens,  or  arises  in  the  heart,  notably  the  right  auricle.  The 
processes  of  thrombosis  and  the  origin  of  emboli  have  been  considered. 
(See  p.  268.)  Where  a thrombus  forms,  fibrinous  plugs  occlude  the  vas- 
cular supply,  to  the  affected  part,  and  an  irregular  cone-shaped  area 
marks  the  outlines  of  the  infarct.  With  clearly  formed  areas  of  hemor- 
rhage, not  to  be  differentiated  from  known  areas  of  infarction,  some- 

1 Morgagni,  July  9,  1904;  Munch,  med.  Woch.,  Oct.  25,  1904,  p.  1938. 

2 See  p.  178. 

3 Western  Med.  Review,  July  15,  1902,  vol.  vii,  No.  7. 

1 Gebele,  Beitr.  z.  klin.  Chir.,  von  Bruns,  Tubingen,  1904,  xliii,  No.  2;  McPhe- 
dran  and  Mackenzie,  Trans.  Assoc,  of  Amer.  Physicians,  1903;  Hodlmoser,  Zeit.  f. 
Heilk.,  Bd.  xxv,  H.  5,  p.  109;  Hadeler,  Inaug.  Diss.,  Munchen,  1904;  Connell, 
Med.  Record,  July  2,  1904,  p.  39;  Robinson,  Mea.  Record,  Jan.  14,  1905;  Gamier 
and  Jomier,  La  Presse  Med.,  June  14,  1905,  p.  369;  Thompson,  Annals  of  Surgery; 
May,  1908;  Strueff,  Virch.  Arch.,  Bd.  cxcviii,  H.  2,  p.211;  Lenormant,  Arch.  Gen. 
de  Chir.,  No.  3,  1909;  Sears,  Boston  Med.  and  Surg.  Jour.,  April  28,  1910,  p.  558 
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Fig.  279. — Lung,  Experimental  (Adrenalin)  Edema. 

A.  Air  vesicle,  practically  empty.  B.  Artery  containing  a granular  thrombus.  C.  Lymphatic,  partly 
occupied  by  granular  material.  D,  D.  Intervesicular  septa,  the  connective-tissue  substance  of 
which  is  dissociated;  in  some  areas  an  infiltration  by  mononuclear  cells  is  also  present.  Such  elements 
are  particularly  abundant  at  the  points  indicated  by  the  leaders  from  D. 


Fig.  280.- — Lung  op  Rabbit,  Experimental  (Adrenalin)  Edema. 

(Zeiss,  2 mm.  obj.,  proj.  ocular;  reduced  one-half.) 

The  alveoli  are  practically  filled  with  a granular  material  that  is  stained  by  acid  dyes.  The  intervesicular 
septa  are  swollen,  and  at  points  conspicuous  separation  of  the  fibrous  and  elastic  tissues  is  present. 
A.  Air  vesicle  containing  granular  material;  other  vesicles  are  also  shown.  B,  B.  Swollen  septa; 
the  finely  granular  material  in  the  interstitial  tissue  is  evidently  the  result  of  precipitation  of>proteids 
by  the  fixing  agents. 
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times  no  embolus  or  thrombus,  or  source  of  either  of  these  bodies,  can 
be  demonstrated.  Feebleness  of  the  circulation  favors  the  occurrence 
of  pulmonary  infarcts. 

Morbid  Anatomy. — Postmortem,  the  changes  found  depend  some- 
what upon  the  extent  of  the  area  involved  and  upon  the  age  of  the  infarct 
and  its  character. 

When  the  lodged  embolus  is  massive,  occluding  the  pulmonary  artery 
at  its  bifurcation,  and  when  death  occurred  immediately  upon  its  lodge- 
ment, the  lung  may  manifest  no  conspicuous  change.  In  typical 
cases  of  recent  embolism  the  infarct  appears,  under  the  pleura,  as  a 
dark-red,  almost  black,  mass,  varying  in  diameter  from  i cm.  5 cm., 
rarely  larger,  and  on  section  is  found  to  be  more  or  less  wedge- 
shaped,  truly  conic,  with  the  apex  of  the  cone  directed  toward  the  center 
of  the  lung.  The  color  of  the  affected  area  varies  from  a gray,  in  ex- 
tremely leukemic  blood,  to  a black;  as  the  process  grows  older  the  color 
passes  from  black  to  reddish-brown,  and,  with  the  gradual  resorption  of 
blood  coloring-matter  and  resolution,  the  normal  color  may,  in  favorable 


Fig.  281. — Lung,  Hemorrhagic  Infarct.  (Natural  Size.) 

A.  Pleura.  B.  Small  infarct  centrally  placed.  The  large  infarct  shows  the  elevation  of  the  pleura,  the 
hemorrhagic  suffusion  of  the  central  area,  and  the  periphery  of  inflammatory  hyperemia. 


cases,  return.  While  the  typical  pulmonary  infarct  is  conic  or  wedge- 
shaped  on  section,  the  extensive  anastomosis  of  the  pulmonary  circulation 
often  affords  so  abundant  a collateral  blood  supply  that  the  area  may  be 
almost  globular,  or  pear-shaped,  and  ovoid  on  section.  The  pleura  over 
the  area  is  at  first  normal,  but  soon  shows  a beginning  exudate.  Many 
postoperative  pleurisies  are  of  embolic  origin.  There  is  usually  consider- 
able edema  surrounding  the  infarct.  If  the  process  is  not  infected — it  is 
the  noninfected  variety  which  is  now  under  consideration — and  the  area  is 
small,  absorption  is  possible.  It  is  probable,  however,  that  a certain 
38 
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amount  of  cicatricial  tissue  always  develops,  and,  in  not  a few  instances, 
a fibroid  area  remains. 

Histologically,  the  area  consists  of  plugged  vessels,  with  blood  in- 
filtrated into  the  septa  and  vesicles.  In  a short  time  after  the  infiltra- 
tion the  red  corpuscles  undergo  hemolysis,  disintegrate,  and  the  result- 
ing  pigment  diffuses  into  the  adjacent  tissue.  The  leukocytes  increase 
in  number,  and,  if  the  area  involved  be  small,  the  products  may  pass 
off  by  the  lymphatics,  which,  in  many  cases,  become  permanently  pig- 
mented by  the  process.  If  the  area  be  larger  and  the  tissue  reaction 
greater,  some  fibrous  tissue  results;  in  more  marked  cases  a puckered, 
pigmented,  fibrous  area  forever  marks  the  site  of  the  lesion.  If  the 
bronchial  artery,  as  well  as  the  branches  of  the  pulmonary  artery,  be 
occluded,  the  area  may  undergo  a simple  softening,  fibroid  change  may 
occur  around  it,  and  lime  salts  may  infiltrate  it.  The  embolus  causing 
the  process  may  organize  in  situ  and  permanently  occlude  the  vessels, 
or  resolution  may  occur. 

If  the  embolus  contained  bacteria,  or  should  the  area  of  the  infarct 
become  infected  by  organisms  capable  of  inducing  suppuration,  an  ab- 
scess results;  if  the  saprophytic  bacteria  gain  ingress  and  survive,  gan- 
grene may  be  engendered;  if  the  embolus  represented  a part  of  a malig- 
nant tumor,  a new  focus  of  development  is  assured.  Emboli  containing 
the  microorganisms  of  the  chronic  infections  lead  to  secondary  nodules 
in  the  lung.  The  emboli  associated  with  the  latter  processes — abscess, 
gangrene,  neoplastic  growth,  and  chronic  infections — are  so*  small  that 
little  hemorrhagic  infiltration  may  accompany  them. 

Pulmonary  atelectasis  occurs  in  two  forms — the  congenital  and  the 
acquired. 

Congenital  atelectasis,  or  apneumatosis,  is  that  condition  of  the  lungs 
resulting  from  failure  to  expand  following  birth,  the  organ  retaining  its 
fetal  characters. 

The  lungs  may  fail  to  expand  as  the  result  of  inefficient  respiratory 
effort  or  weakness.  Extremely  feeble  infants  may  not  be  able  to  ex- 
pand the  whole  lung.  The  condition  may  also  result  from  plugging  of  a 
bronchus  by  aspirated  solids,  or  even  fluids,  during  delivery.  If  the 
infant  survive  for  some  weeks,  the  imperforate  bronchi  associated  with 
the  collapse  will  usually  show  dilatation  in  the  affected  area,  the  extent 
of  the  dilatation  depending  upon  the  duration  of  life  and  the  amount  of 
inspiratory  force  which  the  child  has  been  able  to  exert. 

Morbid  Anatomy. — The  condition  may  involve  a part  or  the  whole 
of  one  lung,  or  may  be  scattered  as  irregular  foci  in  both  lungs.  The 
areas  of  atelectasis  are  usually  most  abundant  and  largest  posteriorly 
in  the  lower  lobes.  When  the  collapse  has  been  due  to  inefficient  res- 
piratory efforts,  the  introduction  of  air  through  a blowpipe,  inserted  into 
the  bronchus,  will  usually  lead  to  expansion.  When  the  atelectasis  is  the 
result  of  mechanical  obstruction  by  foreign  bodies,  the  collapsed  areas 
cannot  be  fully  expanded  in  the  manner  just  described.  The  atelectatic 
portions  are  darker  in  color  than  the  surrounding  expanded  lung,  do  not 
crepitate,  and  sink  in  water.  When  the  areas  are  small  and  not  abundant, 
the  infant  may  recover;  under  such  circumstances  gradual  distention 
may  be  brought  about,  or  degenerative  or  proliferative  changes  may  lead 
to  connective-tissue  substitution,  followed  by  contraction,  and,  in  time, 
but  little  evidence  of  the  lesion  may  remain. 

Acquired  atelectasis,  or  collapse,  is  the  condition  observed  when  a 
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part  of  the  lung  which  has  once  expanded  loses  its  air  and  does  not  refill. 
Pulmonary  collapse  results  from  the  introduction  of  gas,  fluids,  or 
solids  into  the  pleura,  the  first  arising  from  puncture  of  the  lung  or  chest- 
wall,  or  both ; the  second  from  pleuritic  effusions,  dropsical  or  inflammatory, 
or  hemorrhage  into  the  pleura;  the  third  from  tumors.  Bronchial  ob- 
struction is  a frequent  cause;  the  occlusion  may  be  due  to  a foreign  body, 
a mass  of  false  membrane,  a clot  of  blood,  or  a plug  of  mucus;  the  bronchus 
may  be  collapsed  by  pressure  from  without,  as  when  an  enlarged 
peribronchial  lymph-node,  tumor,  or  aneurysm  presses  upon  it.  The 
influence  of  pressure  may  be  shown  in  aortic  aneurysm,  pericardial  dis- 
tention, mediastinal  tumors,  spinal  curvature,  and  allied  mechanical 
factors;  the  pressure  may  be  insufficient  and  the  atelectasis  partial  at 
first,  but  if  the  cause  continues  to  act,  collapse  becomes  complete.  When 
a large  area  of  the  lung,  or  a whole  lung,  is  involved,  the  condition  is  called 
massive  collapse.  Pasteur  has  shown  that  paralysis  of  the  diaphragm 
may  result  in  atelectasis  of  the  lower  lobe  of  the  lung  on  the  affected  side. 
When  due  to  bronchial  obstruction,  the  condition  is  called  obturation 
atelectasis;  collapse  resulting  from  external  pressure  is  known  as  com- 
pression atelectasis. 

Morbid  Anatomy. — When  collapse  affects  the  whole  lung,  as  in  pleurisy 
with  effusion,  the  organ  is  pressed  upward  and  toward  the  mediastinum 
and  against  the  spine.  The  organ  or  the  affected  area  is  pink  or  pale  gray 
in  color,  is  firm  and  airless,  is  tough,  tearing  with  difficulty,  and  often 
cannot  be  distended;  firm  adhesions  may  bind  it  down,  and  the  pleura 
may  have  become  so  thickened,  fibroid,  and  resisting  that  reexpansion 
is  impossible.  When  small  areas  of  collapse  occur,  as  in  bronchopneu- 
monia, in  the  recent  state,  they  appear  as  depressed  spots,  immediately 
under  the  pleura,  bluish-purple  or  bluish-brown  in  color;  occasionally 
lividity  develops  on  exposure  to  the  air;  surrounding  these  areas 
the  vesicles  are  usually  over-distended  (compensatory  emphysema) 
and  are  pink  or  reddish-white,  in  contrast  to  the  darker  collapsed 
portions.  If  the  collapse  be  recent  and  the  occluded  bronchus  not 
too  firmly  obstructed,  a blowpipe,  or  even  firm  pressure  on  the  sur- 
rounding areas,  may  refill  the  collapsed  vesicles.  Later,  from  stasis  in 
the  vesicular  wall,  the  color  becomes  much  darker,  and  blood  escapes 
into  the  connective  tissue;  the  mass  is  soft  and  resembles  the  spleen  in 
texture  (splenization).  Later,  the  blood  to  a certain  extent  is  absorbed, 
the  vesicular  walls  coalesce,  proliferated  connective-tissue  cells  and 
leukocytes  form  a young  cellular  tissue,  and  the  mass  is  now  in  the  condi- 
tion called  carnification.  With  the  completion  of  organization  and 
contraction  a firm  fibroid  area  results,  known  as  the  cirrhosis  of  collapse ; 
these  areas  contain  a relative  excess  of  pigment,  are  pink  at  first,  later 
gray,  and  are  said  to  show  gray  induration. 

Emphysema  is  a condition  characterized  by  an  excess  of  air  in  the 
lung.  Two  forms  of  the  affection  are  recognized:  in  one  the  excess  of 
air  is  in  the  connective  tissue  of  the  organ;  in  the  other  it  is  in  the  over- 
distended vesicles. 

Interstitial  emphysema,  also  called  interlobular  emphysema,  is  a 

condition  in  the  lung  comparable  to  subcutaneous  or  surgical  emphysema 
involving  the  subcutaneous  structures  in  fracture  of  the  nose,  or  to  the 
gas  generated  in  the  tissues  in  some  forms  of  gangrene. 

The  condition  usually  results  from  ruptured  air- vesicles,  and  oc- 
casionally occurs  in  violent  coughing,  as  in  whooping-cough, ' or  bursting 
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of  distended  air-sacs  in  vesicular  emphysema.  It  is  frequently  due  to 
pulmonary  injury  resulting  from  fractured  ribs  and  penetrating  wounds 
of  the  chest.  In  the  latter  condition  interstitial  emphysema  may  occur 
without  pneumothorax,  provided  air  does  not  gain  ingress  through  the 
thoracic  wall.  It  has  recently  been  shown  that  pneumothorax  may  result 
from  infection  of  the  pleura  by  the  Bacillus  aerogenes  capsulatus  of  Welch. 
It  is  probable  that  in  a similar  manner  an  interstitial  pulmonary  emphy- 
sema might  be  induced. 

Morbid  Anatomy. — Interstitial  emphysema  may  be  readily  detected 
postmortem  by  the  large  blebs  found  immediately  under  the  pleura, 
differing  from  overdistended  air-vesicles  in  that  the  former  can  be 
pushed  around  from  place  to  place  beneath  the  serosa.  When  the 
rupture  occurs  near  the  root  of  the  lung,  not  only  does  the  air  reach  the 
surface  of  the  organ  by  the  interlobular  connective  tissue,  but  it  may 
find  access  to  the  mediastinal  structures  and  the  connective  tissue  of  the 
neck. 

Vesicular  emphysema  is  a condition  in  which  the  alveoli  and  infundib- 
ular passages  are  dilated. 

When  the  emphysema  consists  of  overdistended  vesicles  in  one  area 
occupying  the  space  and  receiving  the  air  that  should  be  distributed  in 
another  part  of  the  lung,  the  condition  is  spoken  of  as  local,  vicarious,  or 
compensatory  emphysema.  As  the  condition  may  be  acute — e.  g., 
around  an  atelectatic  area — the  withdrawal  of  the  cause  terminates  the 
emphysema;  when  the  cause  persists,  the  acute  dilatation  becomes  per- 
manent ; at  first  there  may  be  no  wasting,  but  eventually  the  intervesicular 
septa  atrophy  and  this  form  passes  into  true  emphysema. 

Substantive,  substantial,  idiopathic,  hypertrophic,  or  large-lunged 
emphysema1  is  a well-marked  condition,  readily  recognized  clinically, 
and  possessing  pathologic  lesions  eminently  its  own. 

Causes. — There  seems  to  be  necessary  a hereditary  tendency,  a con- 
genital deficiency  in  the  lung  tissue,  in  the  absence  of  which  emphysema 
is  not  likely  to  occur.  Exactly  what  constitutes  this  hereditary  deficiency 
has  not  been  determined ; the  view  that  it  is  a defect  in  the  elastic  tissue  is 
entirely  consistent  with  the  facts,  but  probably  is  not  demonstrable. 
In  two  instances  observed  by  Orth  the  appearances  suggested  a congenital 
hypoplasia,  and  he  is  of  the  opinion  that  some  pulmonary  injury  or  de- 
velopmental defect  modifying  the  elasticity  of  the  organ  is  the  essential 
factor  in  the  production  of  emphysema.  The  disease  is  hereditary,  in  the 
sense  indicated,  and  results  from  tissue  peculiarity  transmitted  from  the 
parent.  Given  the  first  element — congenital  weakness  of  the  vesicular 
structures — the  second  is  heightened  intra vesicular  tension.  This  may 
be  brought  about  in  two  ways — (i)  inspiratory  and  (2)  expiratory. 

1.  Inspiratory  Distention. — The  vesicular  distention  of  compensatory 
emphysema  is,  of  course,  inspiratory;  and  as  true  vesicular  emphysema  is 
almost  always  associated  with  catarrhal  lesions,  which  favor  atelectasis, 
the  possibility  of  inspiratory  distention  acting  as  the  cause  cannot  be  over- 
looked. The  constant  association  of  catarrhal  inflammation  and  the 
plugging  of  bronchioles,  attended  by  collapse  in  the  lobules  supplied,  leads 

1 Prettin  and  Leibkind,  Munch,  med.  Woch.,  Feb.  9,  1904,  p.  259;  Conford, 
Brit.  Med.  Jour.,  June  25,  1904,  p.  1485;  Orth,  Berl.  klin.  Woch.,  Jan.  2,  1905; 
Malibran,  La  Presse  Med.,  Sept.  3,  1904,  p.  563;  Middleton  and  Ferguson,  Jour. 
Path,  and  Bact.,  April,  1910;  Cohn,  Deut.  med.  Woch.,  March  5,  1908;  Bayer, 
Prag.  med.  Woch.,  Feb.  13,  1908;  Ameuille,  These  de  Paris,  1908. 
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to  compensatory  dilatation  of  adjacent  vesicles,  and  eventually  to  over- 
distention of  these  structures.  The  plug  of  mucus  now  shifts,  and  another 
series  of  vesicles  are  expanded  beyond  their  normal  limits.  These  proc- 
esses, frequently  repeated,  so  overdistend  the  elastic  tissue  of  the  vesic- 
ular wall  that  the  normal  retractile  power  is  lost  or  modified,  and  the  air- 
vesicles  are  thereby  rendered  incompetent  fully  to  empty  themselves. 
The  foregoing  views  with  regard  to  the  inspiratory  hypothesis  have  been 
modified,  and  in  part  supplanted  by  the  theory  next  to  be  discussed. 

2.  Expiratory  distention  acts  by  increased  pressure  applied  to  the 
lung  by  the  thoracic  wall,  and  coincident  abnormal  resistance  to  free 
exit  of  the  expired  air  brought  about  by  narrowing  of  the  laryngeal  chink, 
glottis,  epiglottidean  lumen,  etc.  During  the  violent  expiratory  effort 
incident  to  severe  coughing,  the  costal  cartilages  and  sternum  are  pushed 
forward,  the  extreme  normal  obliquity  of  the  ribs  is  altered,  and  the  pul- 
monary space  at  the  apex  is  increased,  thus  permitting  distention  of  the 
lungs  at  the  apex  or  upper  lobes  and  the  anterior  margins,  these  points 
showing  the  most  marked  change. 

The  causes  active  in  increasing  the  expiratory  stress  are:  (i)  Coughs, 
as  in  chronic  bronchitis,  the  violent  respiratory  strain  of  pertussis,  etc. 
The  fact  that  whooping-cough  increases  the  vesicular  tension  is  shown 
by  the  occurrence  of  interstitial  emphysema  induced  by  the  violent  res- 
piratory effort.  (2)  Increased  pulmonary  tension  induced  by  playing 
wind-instruments,  heavy  lifting,  etc.  The  studies  of  Prettin  and  Leib- 
kind  of  the  thoracic  condition  in  glass-blowers,  and  Fischer’s  examination 
of  musicians,  have  cast  discredit  upon  the  previously  accepted  belief 
that  such  vocations  are  important  factors  in  the  production  of  emphysema. 
Collingwood’s  conclusions  are  that  in  the  protected  parts  of  the  lungs  the 
condition  is  induced  by  causes  that  are  operative  during  inspiration,  and 
in  the  unprotected  areas — particularly  the  anterior  margins  and  apex — the 
emphysema  results  from  the  heightened  tension  of  exaggerated  expiratory 
effort.  This  view  admits  the  possibility  of  emphysema  being  due  to  both 
inspiratory  and  expiratory  influences.  Fifty  years  ago  Freund  suggested 
that  the  primary  defect  in  emphysema  involved  the  thoracic  cage  and  con- 
sisted of  changes  in  the  costal  cartilages,  first  to  the  fifth,  especially  the 
upper  ones.  The  cartilages  are  grayish,  fibrillated,  may  contain  centers 
of  softening  or  necrosis,  and  frequently  manifest  varying  degrees  of  ossi- 
fication. U pon  the  basis  of  this  origin  surgeons  have  excised  portions  of  the 
affected  cartilages  (chondrectomy)  with,  in  some  cases,  beneficial  results. 

Morbid  Anatomy. — In  typical  cases  the  chest  is  barrel-shaped,  the 
most  conspicuous  alteration  being  an  increase  in  the  anteroposterior 
diameter.  The  sternum  is  pushed  forward  and  the  normal  obliquity  of 
the  ribs  greatly  lessened.  The  heart  is  lower  than  normal,  and  the  dia- 
phragm depressed,  resulting  in  abdominal  displacement  of  the  subdia- 
phragmatic  viscera,  particularly  the  liver  and  spleen.  The  costal  cartilages 
are  unusually  rigid  and  frequently  calcified;  when  the  sternum  is  raised, 
the  lung  does  not  show  the  normal  tendency  to  collapse — indeed,  it  may 
not  retract  at  all,  and  may  bulge  forward.  The  anterior  margin  of  the 
lungs  extends  over  the  pericardium  to  a varying  degree;  when  removed, 
they,  or  at  least  the  affected  areas,  do  not  collapse;  the  pleura  over  the 
part  involved  is  pale,  anemic,  dry,  and  the  unaffected  areas  are  congested; 
white  patches  occur  on  the  pleura — the  pulmonary  albinism  of  Virchow. 
The  emphysematous  lines  may  follow  the  intercostal  spaces,  but  the  dis- 
ease is  most  marked  along  the  anterior  margins,  at  the  apex,  and,  less 
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commonly,  around  the  margin  at  the  base.  Large  bullae  may  be  seen 
under  the  pleura,  varying  in  size  up  to  0.5  or  i cm.,  and  at  the  free  margin 
they  may  attain  a diameter  of  2 cm.  or  more.  Where  the  emphysema 
is  most  marked,  the  lung  fails  to  crepitate.  The  absence  of  elasticity  is 
indicated  by  the  fact  that  pits  are  obtained  almost  as  readily  as  in 
edema,  although  edema  is  usually  absent.  In  uncomplicated  cases  the 
weight  is  notably  less  than  normal.  The  color  depends  upon  the  amount 
of  pigment.  Usually,  the  organs  are  pale  and  any  residual  pigment  is 
conspicuous.  As  a rule,  the  pulmonary  parenchyma  contains  less  blood 
than  normal;  and  even  when  death  has  been  delayed,  marked  congestion 
and  conspicuous  edema  are  frequently  absent.  The  lung,  when  handled, 
feels  like  a pillow  stuffed  with  down  (Laennec).  The  smaller  bronchi 
may  be  dilated;  more  or  less  bronchitis  and  peribronchial  induration 
are  always  present.  The  longitudinal  bands  of  elastic  tissue  may  be 
traceable  in  the  bronchial  wall.  (See  Fig.  283,  p.  599.) 


Fig.  282.— Pulmonary  Emphysema.  ( Futterer .) 

a.  Emphysematous  enlargement  of  an  infundibulum,  b.  Atrophied  intervesicular  septa,  improperly 
called  absorbed  alveolar  walls,  c.  Pigment  in  the  fibrous  septum. 

Morbid  Histology. — If  the  lung  be  blown  up  and  dried,  the  enor- 
mous size  of  the  distended  vesicles  is  rendered  apparent;  even  on  sec- 
tion in  the  recent  state,  the  atrophic  remains  of  the  vesicular  walls  may 
be  discernible  with  a hand  lens.  Hardened  and  examined,  the  elastic  tis- 
sue is  altered  in  quantity  and  quality,  and  the  vesicular  septa  atrophied, 
permitting  coalescence  of  adjoining  cells;  in  the  process  of  atrophy  cap- 
illaries disappear,  and  this,  with  the  loss  in  septa,  diminishes  the  vas- 
cular field  through  which  gaseous  interchange  occurs  and  consequently 
proportionately  lessens  the  aerating  capacity  of  the  lung.  The  most  con- 
spicuous changes  are  observed  in  the  elastica.  In  the  largest  blebs  a few 
granules  of  this  substance  are  scattered  through  the  wasted  walls;  in  other 
areas  the  elastic  fibers  are  coarse,  fragmented,  swollen,  and  frequently 
show  none  of  the  undulations  present  in  normal  elastic  tissue. 

Changes  in  Other  Organs. — The  increased  work  demanded  of  the  right 
heart  in  emphysema  leads  to  hypertrophy  and  dilatation,  the  former  in 
rare  cases  affecting  the  entire  heart;  sclerotic  changes  in  the  pulmonary 
artery  with  or  without  dilatation  may  occur.  Other  organs — particularly 
the  liver,  spleen,  and  kidney — subject  to  alterations  of  structure  incident 
to  venous  distention  usually  manifest  that  change. 
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Atrophic  or  senile  emphysema  ( senile  atrophy  of  the  lung,  small-lunged 
emphysema  of  Jenner)  is,  as  its  name  indicates,  a disease  of  advanced  life, 
and  is  essentially  an  atrophic  lesion  of  a lung  in  which  very  little,  if  any, 
distending  force  has  been  exerted.  The  chest  is  small,  the  ribs  are  oblique, 
thus  decreasing  the  diameters  and  diminishing  the  capacity  of  the 
chest;  the  respiratory  muscles  are  atrophied  and  the  lung  is  smaller  than 
normal;  the  changes  in  the  vesicles  and  septa  already  noted  in  substantive 
emphysema  occur.  The  enlargement  in  the  size  of  the  vesicles  is  at- 
tributed to  atrophy  of  the  intervesicular  walls.  The  bronchi  frequently 
show  some  dilatation;  large  bullae  are  usually  absent;  the  lung  commonly 
collapses  on  opening  the  chest,  and,  in  contrast  with  large-lunged  emphy- 
sema, not  infrequently  shows  areas  of  congestion,  edema,  and  infarction. 


Fig.  283.- — -Lung,  Emphysema. 

Weigert’s  elastica  stain.  Fragmentation  and  swelling  of  the  elastica. 


There  may  be  some  doubt  as  to  the  propriety  of  classifying  this  condition 
with  emphysema.  The  fact  that  custom  has  established  the  precedent 
does  not,  of  course,  prove  its  correctness.  A better  knowledge  of  atrophy, 
occurring  in  the  lung,  would  probably  lead  to  the  recognition  in  this 
form  of  emphysema  of  some  atrophic  manifestation  analogous  to  that 
seen  in  other  tissues  in  advanced  life. 

Acute  vesicular  emphysema  is  observed  in  acute  bronchitis  and 
after  death  from  asphyxia;  there  is  also  reason  to  believe  that  vesicular 
distention  is  present  during  life  in  these  cases.  That  the  condition  is 
unassociated  with  atrophy  of  the  vesicular  walls  is  admitted.  In  the 
absence  of  such  atrophy  it  consists  largely  of  functional  overdistention, 
and  is  not  properly  a disease  of  the  air-vesicles. 

Pulmonary  Suppuration,1  Including  Abscess  of  the  Lung. — This  con- 

‘Eisendrath,  Phila.  Med.  Jour.,  Nov.  9,  1901;  Bentz,  La  Presse  Med.,  1902,  No.  97  • 
Jurewitsch,  Munch,  med.  Woch.,  March  15,  1904,  p,  480. 


6oo 


SPECIAL  PATHOLOGY. 


dition  is  commonly  described  under  the  head  of  purulent  pneumonia, 
suppuration  pneumonia,  etc.,  names  indicating  that  it  is  some  special 
type  of  pulmonary  disease  rather  than  the  usual  form  of  suppurative 
lesion.  Etiologically  and  pathologically,  and  to  a certain  extent  clinic- 
ally, suppurative  processes  occurring  in  the  lung  possess  no  important 
difference  from  suppurations  resulting  from  pyogenic  infection  in  other 
organs. 

Primary  pulmonary  suppuration  is  an  exceedingly  rare  condition; 
pyogenic  infection  may  be  brought  to  the  lung  in  one  of  four  ways:  By 
the  air-passages;  from  contiguous  structures ; by  the  blood;  by  the  lymphatics. 

By  the  Air-passages  ( Bronchogenic  Suppuration) . — Although  we 
are  constantly  inhaling  large  numbers  of  bacteria,  many  of  them  un- 
doubtedly pyogenic,  and  in  other  ways  pathogenic,  the  bactericidal 
action  of  the  extruded  epithelium,  leukocytes,  mucus,  serum,  etc.,  pre- 
vents ingress  or  pathogenic  activity  except  the  tissues  be  weakened 
by  general  debility,  previous  local  disease,  or  accompanying  injury.  As 
examples  of  these  may  be  mentioned:  of  the  first,  the  probability  that 
fibrinous  pneumonia  in  drunkards  will  present  a mixed  infection;  of  the 
second,  pyogenic  infection  of  tuberculous  areas,  or  of  the  areas  involved 
in  lobar  or  lobular  pneumonia,  or  in  pneumoconiosis.  In  lobar  pneu- 
monia abscess  formation  is  rare;  the  so-called  purulent  infiltration  is  not 
really  pus,  as  it  not  uncommonly  contains  no  pneumococci,  and  rarely, 
if  ever,  are  the  bacteria  of  suppuration  present.  If  abscess  formation 
takes  place  in  pneumonia,  it  usually  begins  as  scattered  foci  of  infection, 
and,  as  such,  is  found  postmortem;  rarely,  however,  these  foci  extend  and 
run  together,  the  infection  lessening  or  obliterating  the  circulation  in  the 
area,  and  more  or  less  of  a lobe  may  be  converted  into  an  abscess.  Abscess 
formation  in  acute  lobular  pneumonia  is  still  rarer. 

Suppuration  from  Injury  with  Infection. — Exploratory  puncture  of 
the  pleura  has  caused  pulmonary  abscess.  But  the  form  of  suppuration 
due  to  an  injury  which  brings  infection  with  the  trauma,  and  both  through 
the  air-passages,  is  typified  in  the  so-called  aspiration  pneumonia.  For- 
eign bodies  in  the  air-passages;  suppurative  processes  in  or  around 
the  larynx,  trachea,  or  larger  bronchi;  deglutition  pneumonia,  in  which, 
from  altered  innervation,  food  particles  gain  ingress  to  the  air-passages; 
and  allied  processes,  all  may  give  rise  to  abscess  formation  by  deposit- 
ing an  irritant,  no  matter  how  small,  and  with  it  the  bacteria  of  sup- 
puration. Bronchogenic  pyogenous  infection  induces  suppurative  in- 
flammation of  the  bronchi  which  extends  into  the  contiguous  vesicles 
and  interstitial  tissue.  Polymorphonuclear  leukocytes  accumulate  in 
large  numbers,  necrosis  of  the  involved  pulmonary  structures  occurs, 
and  an  abscess  results.  Commonly  such  suppurative  processes  are 
primarily  restricted  to  lobules;  frequently  they  are  multiple,  and  coal- 
escing with  contiguous  areas,  may  give  rise  to  abscesses  of  considerable 
size. 

Pulmonary  suppuration  arising  through  extension  of  the  infection 
from  contiguous  structures  is  not  common,  in  the  sense  that  the  abscess 
extends  by  necrosis  of  the  lung  tissue;  but  in  the  lymphatics  such  ex- 
tension may  occur.  Localized  or  circumscribed  empyema,  or  pleural 
abscess,  particularly  when  situated  between  the  lobes  or  at  the  base, 
between  the  diaphragm  and  lung,  may  penetrate  the  pulmonary  tissue 
by  a gradually  extending  infection,  infiltration,  and  necrosis,  .and  eventu- 
ally may  find  evacuation  through  a bronchus.  Abscess  of  the  liver 
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or  suppurating  echinococcus  may  perforate  the  diaphragm  and  infect  the 
lung;  Bentz  records  an  instance  in  which  a tuberculous  abscess  of  the  right 
iliac  fossa  communicated  with  a bronchus.  Mediastinal  abscess  and  other 
forms  of  peripulmonic  suppuration  may  likewise  induce  suppurative 
pulmonic  lesions.  Cancer  of  the  esophagus  may  lead  to  direct  infec- 
tion of  the  lung  tissue  or  of  the  air-passages. 

Pulmonary  suppuration  from  infection  through  the  blood  ( hematog- 
enous infection ) was  the  common  sequence  of  preantiseptic  surgery  and 
obstetrics.  Emboli  containing  the  cocci  of  suppuration  lodge  in  the 
lung  and  give  rise  to  centers  of  infection,  followed  by  abscess  formation. 
These  abscesses  are  small,  usually  multiple,  superficially  located,  not 
uncommonly  cone-shaped,  with  the  base  of  the  cone  toward  the  pleura, 
into  which  they  not  infrequently  rupture,  giving  rise  to  suppurative 
pleurisy  (empyema  or  pyothorax),  or,  if  communication  has  been  es- 
tablished between  the  abscess  cavity  and  a bronchus,  thereby  admit- 
ting air  to  the  pleural  cavity,  there  quickly  results  a pyopneumothorax. 
(See  Metastatic  Abscesses,  p.  277.) 

Infection  of  the  Pulmonary  Structure  through  the  Lymph-channels 
(. Lymphogenic  Infection). — An  interstitial,  peribronchial,  or  interlobular 
suppurative  process  may  result  from  invasion  of  the  lung  tissue  by 
way  of  the  peribronchial  lymphatics.  Thus,  in  suppurative  inflamma- 
tion of  the  pleura  (empyema),  lymphatics  passing  through  the  lung 
may  be  distended  by  infective  material,  or  exudates  eminently  adapted 
to  infection,  and  cocci  accompanying  the  process  or  gaining  ingress  to 
the  resulting  lesion,  give  rise  to  pus  formation  in  the  interstices  of  the 
lung;  as  the  infection  is  in  the  lymphatics  around  the  bronchi,  it  is  spoken 
of  as  peribronchial  suppurative  lymphangitis.  The  condition  cannot  be 
diagnosticated  during  life,  and  is  recognized  only  postmortem.  Pyogenic 
agents  reaching  the  lung  or  its  lymphatic  system  from  the  mediastinum 
or  elsewhere  induce  similar  changes. 

Morbid  Anatomy  of  Pulmonary  Abscess. — When  solitary,  the  abscess 
may  attain  the  size  of  a lobe;  when  multiple,  they  are  usually  small. 
The  contents,  in  addition  to  pus,  also  embraces  epithelial  debris  and  rem- 
nants of  lung  tissue,  the  demonstration  of  which  in  the  sputum  is  a 
valuable  aid  to  diagnosis.  If  evacuation  has  occurred  during  life,  the 
walls  may  be  gangrenous  and  the  cavity  exceedingly  fetid;  if  the  mass 
be  small  and  the  patient  in  good  condition,  a fibroid  protecting  wall  may 
be  produced;  ordinarily,  however,  the  wall  is  formed,  from  within  out- 
ward, by  a layer  of  (1)  necrotic  disintegrating  lung  and  inflammatory 
tissue;  (2)  a layer  of  solidified  lung  infiltrated  with  leukocytes  and 
young  connective-tissue  cells,  and  commonly  containing  hemorrhages 
in  the  alveoli  and  interstitial  tissue;  (3)  edematous  lung  tissue.  If  the 
pleura  has  not  been  opened,  the  abscess  wall,  formed  by  that  structure, 
is  covered  by  an  abundant  exudate  of  fibrin,  and  some  cloudy  serum, 
varying  in  quantity,  will  probably  occupy  the  cavity.  Purulent  pleuris}' 
(empyema)  may  occur  without  rupture  of  the  abscess,  but  invariably 
results  if  rupture  takes  place,  and  is  usually  accompanied  by  pneumo- 
thorax, the  latter  depending  upon  whether  the  abscess  communicates 
with  an  open  bronchus.  Rarely,  a pulmonary  abscess  may  encapsulate, 
as  previously  indicated;  in  lobar  pneumonia,  when  the  evacuation  is 
complete,  cicatrization  has  been  known  to  occur;  the  same  change 
has  been  observed  in  hepatic  abscess  discharging  through  the  lung. 
The  majority  of  Cases  terminate  fatally.  Sometimes  infection  is  wide- 
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spread  and  is  not  associated  with  distinct  abscess  formation.  Under 
these  circumstances  the  condition  is  one  of  peribronchial  suppurative 
lymphangitis,  mentioned  above. 

Attempts  have  been  made  to  classify  pulmonary  abscesses  accord- 
ing to  the  cause,  as,  pyogenic,  tuberculous,  actinomycotic,  pneumonic 
or  epipneumonic,  and  foreign  body  abscesses.  But  these  processes,  when 
terminating  in  pus  formation,  are  essentially  mixed  infections  in  the  vast 
majority  of  cases,  and  the  primary  disease  does  not  materially  alter  the 
true  character  of  the  developed  malady. 

Gangrene  of  the  lung1  consists  of  two  factors:  (i)  Death  of  a part 
of  the  pulmonary  tissue  (necrosis)  or  a material  lessening  of  its  blood  supply 
and  (2)  infection,  which  must,  in  all  probability,  be  polymicrobic.  In- 
fection alone  often  fails  to  produce  this  form  of  necrosis ; obliteration  of  the 
blood  supply  does  not  insure  gangrene;  the  lung  tissue  must  be  killed,  or  its 
resistance  to  bacteria  greatly  reduced,  and  coincident,  or  subsequent, 
infection  then  completes  the  process.  If  pyogenic  infection  occur  in  a 
lung  the  blood  supply  of  which  is  abundant,  suppuration  is  induced,  pus 
being  a product  of  vital  reaction  to  pyogenic  mycotic  invasion;  if,  however, 
the  tissue  be  dead,  if  vital  processes  be  materially  weakened,  the  tissue 
resistance  reduced,  the  nutrition  greatly  modified  by  existing  lesions,  or, 
it  may  be,  arrested,  the  pyococci  and  associated  organisms  give  rise  to 
gangrene. 

The  causes  of  pulmonary  gangrene,  then,  embrace  all  those  conditions 
that  materially  lessen  or  arrest  nutrition  and  permit  infection — lobar 
pneumonia,  aspiration  pneumonia,  foreign  bodies  in  the  bronchi,  pul- 
monary embolism,  bronchiectasis,  suppurative  conditions  in  the  lung, 
pressure,  as  from  tumors  and  aneurysms  on  the  bronchi  and  blood-vessels, 
etc.  The  cases  of  pulmonary  gangrene  that  accompany,  or,  more  com- 
monly, follow,  severe  febrile  processes  are  probably  infections  in  areas  of 
hypostatic  or  hemorrhagic  pneumonia.  Brain  abscess  and  middle-ear 
and  mastoid  disease,  by  infectious  thrombosis  of  the  sinuses,  frequently 
induce  pulmonary  embolism  which,  being  infected,  is  often  followed 
by  gangrene  or  abscess.  The  same  is  true  of  infectious  processes  in  the 
venous  system  elsewhere.  The  bacteriology  of  pulmonary  gangrene  has 
been  studied  by  a number  of  observers;  the  results  have  been  collated 
by  Ophuls,  who  adds  five  personal  observations.  In  many  of  the  cases 
acid-fast  bacilli  and  organisms  resembling  the  streptothrix  group  are  pres- 
ent. The  germs  possessing  the  characters  of  tubercle  bacilli  may 
mislead  the  uninitiated,  but  are  usually  easily  recognized  by  experienced 
observers.  Rosenberger2  has  shown  that  within  certain  limits  it  is  possible 
to  differentiate  a number  of  these  organisms.  Anaerobic  bacteria  are 
usually  present.  Dolley3  recorded  an  instance  of  pulmonary  gangrene  in 
which  Trichomonas  intestinalis  appeared  to  be  the  only  causative  agent. 
It  may  be  observed  after  submersion  in  water,  and  incomplete  or  partial 
drowning.4 

1 Ophuls,  Jour.  Med.  Research,  June,  1902,  vol.  viii,  p.  242;  Holzle,  Inaug. 
Diss.,  Munich,  No.  136,  1903;  Steven,  Lancet,  Oct.  15,  1904,  p.  1077;  Repaci, 
C.  R.  Soc.  Biol.,  t.  lxviii,  1910,  p.  292;  Miller,  Jour.  Amer.  Med.  Assoc.,  Nov.  23, 
1907,  p.  1759. 

2 Publications  from  the  Laboratories  of  the  Jefferson  Medical  College  Hospital, 
1904,  vol.  i. 

3 Jour.  Amer.  Med.  Assoc.,  Oct.  15,  1910. 

4 Berge,  Bull,  et  Mem.  Soc.  med.  d.  Hop.  d.  Paris,  May  3,  1906. 
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Morbid  Anatomy. — Two  forms  are  recognized:  the  diffuse  or  dis- 
seminated and  the  circumscribed.  The  division  made,  independent  of 
any  surgical  conception  of  the  affection,  seems  well  adapted  to  the 
modern  surgical  divisions  of  gangrene — circumscribed  and  spreading. 
Clinicians  recognize  a latent  pulmonary  gangrene  characterized  by  the 
absence  of  the  usual  symptoms,  notably  the  offensive  odor  of  the  breath 
and  the  fetid  expectoration.  In  some  of  the  latent  cases  the  area  involved 
is  large  and  may  be  multiple. 

Diffuse  pulmonary  gangrene,  like  the  spreading  form  of  the  surgical 
affection,  is  rare,  and  commonly  follows  pneumonia,  and,  although  less 


A 

Fig.  284. — Part  op  Right  Lung,  Circumscribed  Gangrene. 

A.  Two  pockets  of  gangrenous  cavity.  B.  Dilated  bronchus  with  gangrenous  walls.  C,  C.  Solidified 
zone  of  pulmonary  inflammation.  D.  Adhesion  between  superior  and  inferior  lobes.  E.  Beginning 
abscess  at  margin  of  gangrenous  area. 


frequently,  obstruction  of  the  pulmonary  artery.  There  is  not  a sharp 
line  of  demarcation  between  the  healthy  and  diseased  tissue;  a whole  lobe, 
or  the  greater  part  of  a lobe,  is  involved,  the  process  being  well  marked 
at  the  center  of  the  diseased  area,  but  gradually  fading  into  the  surround- 
ing zone  of  highly  inflamed  pulmonary  tissue. 

In  the  circumscribed  pulmonary  gangrene  there  is  a sharp  line  of 
demarcation  between  the  dead  and  the  inflamed  tissue,  and,  although 
the  foci  may  be  multiple,  each  area  involved  is  clearly  outlined  in  the 
living  pulmonary  structure. 

The  gangrenous  mass  in  either  case  is.  as  a rule,  extremely  fetid,  and 
during  life  this  foul  penetrating  odor  is  imparted  to  the  breath,  and  per- 
sists for  hours  in  the  sputum.  The  latter,  when  left  in  a conic  glass,  usually 
manifests  a tendency  to  separate  into  three  layers:  the  uppermost  is 
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thick,  frothy,  yellow  or  green  or  greenish-yellow  in  color;  the  middle 
stratum  is  a clear  serous  fluid,  but  slightly  tinted;  the  sediment  is  greenish- 
brown,  occasionally  pus-like,  and  contains  the  characteristic  odor  in  its 
fullest  concentration.  Elastic  fibers  are  not  always  present,  although 
they  usually  are  to  be  found;  Eijkman1  has  shown  that  certain  bacteria 
evolve  an  elastica-dissolving  enzyme,  and  it  is  possible  that  the  disap- 
pearance of  elastic  tissue  in  pulmonary  gangrene  may  be  attributable 
to  the  action  of  some  such  substance.  The  color  of  the  diseased  tissue  is 
dependent  upon  the  stage  and,  probably  to  a large  extent,  upon  the 
character  of  the  infection.  Early,  it  is  brown  or  reddish  brown;  and 
later,  quite  black.  The  color-changes  are  in  part  brought  about  by  the 
presence  of  blood  pigment,  to  which  the  brownish  hue  is  to  be  attributed. 
The  blackening  is  partly  due  to  changes  in  the  hemal  iron  as  well  as  to  the 
presence  of  iron-free  pigment.  The  occasional  greenish  hue,  which  may 
be  marked,  is  due  to  changes  in  normal  pigments  or  to  the  presence  of  the 
bacillus  pyocyaneus.  In  the  earlier  stages  the  gangrenous  tissue  may  retain 
its  structure,  but  disintegration  rapidly  ensues,  and  a cavity  with  ragged 
irregular  walls  forms,  inclosing  a green  or  reddish-yellow  mass  of  soft- 
ened necrotic  tissue.  Passing  into,  often  across,  the  cavity  are  remnants 
of  blood-vessels  and  bronchi.  By  reason  of  the  infectious  character 
of  the  lesion,  the  blood-vessels  are  not  occluded,  as  normally,  by  an  or- 
ganizing thrombus;  the  coagulum  forming  in  the  lumen  being  infected, 
is  easily  displaced,  permitting  hemorrhage,  which  ma}^  be  recurrent, 
and  in  rare  cases  fatal.  Around  the  gangrenous  area  there  is  a zone 
of  deeply  congested  or  intensely  hyperemic  tissue,  which  is  usually 
solidified,  and  outside  of  this  an  area  of  marked  edema  with  leukocytic 
infiltration.  Cicatrization  and  recovery  may  occur;  the  disease  is  com- 
monly fatal. 


Pneumonia. 

The  term  pneumonia  is  used  to  embrace  all  the  inflammatory  lesions 
of  the  pulmonary  tissue  often  including  some  of  the  processes  already 
considered;  for  example,  pulmonary  suppuration  is  sometimes  spoken 
of  as  septic  pneumonia  or  suppuration  pneumonia.  When  the  term 
pneumonia  is  used  alone,  without  any  qualifying  phrase,  croupous 
pneumonia  is  usually  meant.  The  forms  of  pneumonia  commonly  con- 
sidered are  lobar  or  croupous  pneumonia,  catarrhal  pneumonia,  or  bron- 
chopneumonia, interstitial  or  fibroid  pneumonia,  and,  by  some  writers, 
the  desquamative  pneumonia  of  tuberculosis. 

Lobar,  Croupous,  or  Fibrinous  Pneumonia2  ( Pneumonitis ; Lung  Fever) . 

1 Centralbl.  f.  Bakt.,  Nov.  5,  1903,  p.  1. 

2 Norris,  Amer.  Jour,  of  Med.  Sci.,  June,  1901.  Fisher,  Amer.  Jour,  of  Med.  Sci., 
Aug.,  1901.  Foulerton,  Lancet,  Aug.  17,  1901.  Busquet,  Revue  de  Med.,  Feb.  10, 
1902.  Burt,  Amer.  Med.,  April  26,  1902.  Littlejohn,  Edinburgh  Med.  Jour.,  April, 
1902.  Maschke,  Cleveland  Med.  Jour.,  May,  1902.  Sears  and  Larrabee,  Med.  and 
Surg.  Reports  of  Boston  City  Hosp.,  twelfth  series,  Dec.  1,  1901;  also  St.  Paul  Med. 
Jour.,  July,  1902.  Hare  and  Dare,  Med.  News,  Aug.  23  and  30,  1902.  Hans  Kohn,  Berl. 
klin.  Woch.,  Nov.,  1903.  Spitta,  Brit.  Med.  Jour.,  Nov.  15,  1902,  p.  1579.  Washbourn, 
Croonian  Lectures  for  1902;  Lancet,  1902,  vol.  ii.  Wadsworth,  Amer.  Jour,  of  Med. 
Sci.,  May,  1904.  Ebstein,  Munch,  med.  Woch.,  May  5,  1903,  p.  761.  Rosenow, 
Jour,  of  Infectious  Diseases,  March  19,  1904,  p.  280;  also  Jour.  Amer.  Med.  Assoc., 
March  18,  1905.  Tchistovitch,  Annals  de  l’lnst.  Pasteur,  May  25,  1904.  Goss,  Arch, 
des  Sc.  Biol,  de  St.  Petersburg,  1904,  No.  5,  p.  429.  Durck,  Munch  med.  Woch., 
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— The  fact  that  the  pleura  is  usually  involved  has  led  to  the  name  pleuro- 
pneumonia. This  disease  is  an  acute  inflammatory  affection  of  the  lung 
due  to  infection. 

That  pneumonia  is  a disease  due  to  bacterial  invasion  is  now  univer- 
sally admitted.  That  it  is,  however,  the  result  of  a single  organism 
seems  no  longer  probable,  although  not  absolutely  disproved.  The 
germ  most  frequently  present  is  the  Diplococcus  pneumoniae,1  which 
was  described  by  Sternberg  as  the  micrococcus  of  rabbit  septicemia,  and 


Fig.  285. — Sputum,  Croupous  Pneumonia. 

In  the  extreme  upper  part  of  field  is  a leukocyte  showing  chromatolysis  but  containing  englobulated  cocci. 
Below  and  slightly  to  the  left  of  this  cell  is  a squamous  cell  from  the  mouth.  To  the  right  of  the  latter 
and  slightly  below  is  a polymorphonuclear  leukocyte,  and  in  the  extreme  lower  part  of  the  field  is  a 
small  hyaline  cell.  The  field  also  contains  numerous  encapsulated  pneumococci,  a few  streptococci, 
and  unarranged  cocci  that  cannot  be  accurately  identified. 


named  by  him  the  micrococcus  of  Pasteur.  This  organism  was  later 
studied  by  a number  of  observers,  and  was  found  by  Frankel  and  Talamon 
in  thelung  in  croupous  pneumonia;  it  is  sometimes  called  the  pneumo- 
coccus of  Frankel. 

In  1882  Friedlander  described  an  organism  associated  with  pneumonia, 
to  which  he  gave  the  name  pneumococcus.  As  a result  of  later  studies 
the  germ  is  now  held  to  be  a bacillus.  Of  seventy-seven  cases  of  pneu- 
monia bacteriologically  investigated  Apelt  found  the  diplococcus  pneu- 
moniae in  60;  in  2 of  the  remaining,  Friedlander’s  bacillus  was  present 
alone.  Croupous  pneumonia  clinically  and  anatomically  not  to  be  differ- 

June  28,  1904,  p.  1137.  Koawa,  Berl.  klin.  Woch.,  1904,  No.  14.  Stcurtz,  Zeit.  f. 
klin.  Med.,  1904,  Bd.  lii,  p.  422.  Rau,  Zeit.  f.  Heilkunde,  1904,  H.  1.  Tarchetti 
and  Curio,  Gazz.  degli  Osped.  e delle  Clin.,  1904,  March  27,  p.  387.  Wells,  Jour. 
Amer.  Med.  Assoc.,  Sept.  24,  1904.  Morse,  Amer.  Med.,  Jan.  28,  1905,  p.  153. 
Heyman,  These  de  Wurtsbourg,  1904.  Bottomley,  Brit.  Med.  [our.,  Feb.  4,  1905, 
p.  237.  Wollstein,  Jour,  of  Exper.  Med.,  1905,  vol.  vi.  Pratt.  Contributions  to  the 
Science  of  Medicine  by  the  Pupils  of  William  H.  Welch,  1900,  pp.  265  to  277.  Chap- 
man, Annals  of  Surgery,  May,  1904.  Wood,  Jour.  Exper.  Med.,  Aug.  25,  1905. 
Apelt,  Munch,  med.  Woch.,  Norris,  Amer.  Jour.  Med.  Sci.,  Nov.,  1908.  Otten, 
Jahrbuch  f.  Kinderheilk,  May,  1909.  Bleek,  Centralbl.  f.  allg.  Path.,  June  30,  1909. 
Sterne,  U.  S.  Naval  Med.  Bull.,  July,  1909.  Strouse,  Jour.  Exper.  Med.,  Sept.  2, 
1909. 

1 For  description  see  p.  80. 
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entiated  from  croupous  pneumonia  produced  by  the  pneumococcus  of 
Frankel  may  result  from  infection  by  streptococci,  and  possibly  staphy- 
lococci, although  it  is  usually  held  that  the  presence  of  the  latter  organism 
is  to  be  attributed  to  a mixed  or  secondary  infection,  and  that,  even 
when  found  alone,  the  primary  pneumonia  was  due  to  the  pneumococcus 
or  other  bacterium  which  has  disappeared.  The  Bacillus  typhosus, 
Bacillus  influenzas,  colon  bacillus,  plague  bacillus,  and  possibly  a num- 
ber of  microorganisms  may  bring  about  that  form  of  solidification  usually 
regarded  anatomically  characteristic  of  croupous  pneumonia.  The 
pneumococcus  is  present  in  from  seventy-five  per  cent,  to  eighty  per 
cent,  of  the  cases  examined  postmortem.  The  anatomic  distribution  of 
the  lesion  indicates  that  infection  usually  takes  place  through  the  bronchi. 
Atypical  distribution,  and  occasionally  associated  lesions,  would  lead 
us  to  admit  the  possibility  of  primary  hematogenous  infection. 

Certain  predisposing  causes  are  recognized.  These  act  in  one  of  two 
ways:  (i)  By  altering  the  saliva,  and  thereby  the  culture  medium  in 

which  the  organism  is  growing;  these  changes  in  the  pabulum  increase  the 
virulence  of  the  pneumococcus;  (2)  the  predisposing  elements  lessen  the 
body  resistance  or  so  weaken  the  tissues  that  infection  becomes  possible. 
The  latter  is  illustrated  by  the  frequency  with  which  pneumonia  occurs 
in  drunkards,  in  the  debilitated,  in  Bright’s  disease,  and  after  contu- 
sions of  the  chest.  Of  the  two  hypotheses  it  seems  the  more  reasonable, 
and  but  little  importance  is  usually  attached  to  the  first  given. 

All  ages  are  liable,  but  pneumonia  is  most  frequent  in  three  periods 
— early  childhood,  between  twenty  and  forty,  and  after  sixty.  It  is 
more  common  among  males  than  females;  where  both  are  subject  to 
the  same  influences,  there  is  little  difference.  Of  Sears  and  Larrabee’s 
949  cases,  714  were  males.  Conditions  disturbing  the  equilibrium  of 
the  pulmonary  circulation,  as  chronic  heart  disease,  retention  of  ex- 
crementitious  matters,  as  in  uremia — in  other  words,  any  process  re- 
ducing the  vital  powers  and  enabling  infection  to  occur — favor  the  de- 
velopment of  pneumonia.  Unhygienic  environment  acts  in  two  ways 
— (a)  by  reducing  resistance  and  (6)  by  favoring  the  accumulation  of 
infectious  material  in  the  surroundings.  The  specific  cause  elucidates 
the  occasional  occurrence  of  epidemics  in  crowded  or  unhygienic  quar- 
ters. That  unsanitary  environment  is  not  necessary  to  the  production 
of  an  epidemic  is  shown  by  records  of  hospitals  and  institutions  where 
children  are  housed  in  large  numbers.  In  the  epidemic  of  pulmonary 
inflammations  observed  by  Speat  13.9  per  cent,  of  the  population  suf- 
fered. It  has  been  shown  experimentally  that  exposure  to  cold  and 
dampness  increases  the  susceptibility  of  animals.  There  seems  to  be 
an  individual  predisposition,  as  manifested  by  the  frequent  recurrence 
of  pneumonia  in  the  same  individual,  twenty-eight  attacks  having 
been  observed  in  one  patient  (Loomis).  That  relapses  do  not  commonly 
occur  seems  to  indicate  a condition  of  acquired  immunity;  that  such 
is  of  brief  duration  is  also  presumable  from  the  susceptibility  to  recur- 
rent attacks.  Experimentally,  it  has  been  shown,  in  animals,  that  a 
certain  degree  of  immunity  may  be  secured  by  the  injection  of  filtered 
bouillon  cultures  of  the  pneumococcus  or  a glycerin  extract  prepared 
from  the  growing  organism.  The  immunity  is  temporary,  lasting  but 
a few  months,  but  during  that  time  is  transmitted,  in  gestation  and  by 
nursing,  to  the  offspring.  The  serum  of  such  animals  has  been  used 
with  beneficial  results  in  the  treatment  of  pneumonia. 
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Morbid  Anatomy. — Pneumonia  involves,  as  a rule,  either  a whole 
lobe  or  a whole  lung,  most  commonly  the  lower  right  lobe;  the  lower 
left  lobe  is  next  in  order;  third  in  point  of  frequency  is  double  pneu- 
monia, while  pure  croupous  pneumonia  of  the  apices  is  rare.  The  right 
apex  is  more  frequently  involved  than  the  left.  Kerr’s  statistics  show 
that  the  affection  is  unilobar  in  forty-two  per  cent,  and  unilateral  in 
eighty-four  per  cent,  of  the  cases.  The  lesion  is  double  in  from  twelve 
to  fifteen  per  cent,  of  the  cases.  The  whole  of  the  affected  lobe  or  lung 
is  usually  in  the  same  stage,  although  wandering,  creeping,  or  migratory 
pneumonia,  involving  one  lobe  after  another,  shows  different  stages  in 
different  lobes;  in  such  case  the  lower  lobe  in  most  frequently  first  in- 
volved. In  rare  instances  one  lobe  and  part  of  another  may  be  affected, 
and  in  different  stages.  Occasionally,  central  changes  precede  peripheral 
lesions,  and  the  center  of  the  lung  is  gray,  while  the  periphery  is  less 
advanced — central  pneumonia;  rarely,  the  reverse  may  be  demonstrated. 
In  double  pneumonia  one  lung  may  be  further  advanced  than  the  opposite 
organ.  In  infancy  and  in  old  age  the  apex  is  more  frequently  the  initial 
point  of  invasion;  and  in  the  aged,  death  occurs  earlier  in  the  attack  than 
in  the  adult.  When  the  disease  is  one-sided,  the  unaffected  lung  is 
commonly  deeply  hyperemic  and  congested. 

For  purposes  of  description  it  is  customary  to  recognize  three  stages, 
called  (1)  engorgement,  (2)  red  hepatization,  (3)  gray  hepatization. 
Pratt’s  studies  show  that  the  differences  between  the  red  and  the  gray 
hepatization  cannot  be  detected  histologically;  in  other  words,  that  the 
color  upon  which  the  differentiation  rests  is  not  characterized  by  a 
constant  histologic  picture. 

State  of  Engorgement. — When  the  chest  is  opened,  the  lung  does 
not  retract  or  collapse  with  its  wonted  rapidity;  there  may  be  a slight 
shrinking  in  volume,  but  the  general  contour  of  the  organ  is  likely  to 
be  retained.  The  lung,  or  the  area  involved,  is  red,  often  a scarlet 
hue.  Crepitation  is  present  throughout,  but  is  less  distinct  than  nor- 
mal; the  specific  gravity  is  greater  than  in  health,  as  is  shown  by  the 
fact  that  while  the  lung  floats,  it  does  not  float  as  high  as  the  normal 
organ.  Occasionally,  the  pleura  shows  evidence  of  beginning  inflam- 
mation. (See  p.  457.)  On  section,  the  color  is  uniform;  as  a rule, 
blood  oozes  from  the  cut  surface,  and  while  in  the  majority  of  the  cases 
the  blood  is  thick,  flowing  slowly,  in  some  cases  an  abundant  transudate 
of  serum  appears  immediately  on  section,  which,  mixing  with  the  blood, 
bathes  the  incised  surface,  and  drips,  or  even  runs,  from  the  dependent 
edge.  On  microscopic  examination  the  capillaries  of  the  vesicular  walls 
are  found  enormously  distended,  tortuous,  and  even  saccular;  the  epithe- 
lium of  the  vesicles  is  swollen  and,  in  places,  desquamating;  in  the  few 
vesicles  with  marked  desquamation  some  leukocytes  and  red  blood-cor- 
puscles may  be  demonstrated.  The  subpleural  and  interlobular  connec- 
tive tissue  also  shows  the  engorgement,  and  the  lobules  may  be  outlined 
under  the  pleura  by  the  intensely  distended  vessels. 

This  stage  lasts  from  a few  hours  to  two  or  three  days;  rarely  the 
latter.  It  seems  reasonable  to  suppose  that  in  the  last  moments  of 
life,  or  even  after  death,  solidification  may  occur,  or,  having  already 
developed,  may  extend.  Thus,  the  author  has  made  postmortems  after 
the  most  experienced  clinicians  had,  but  a few  moments  before  death, 
outlined  the  area  that  seemed  solid;  in  not  a few  of  these  cases  has 
the  solidification  been  found  far  beyond  the  outlines  indicated  by  the 
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physical  examination  made  just  before  death.  This  offers  some  con- 
solation for  undiagnosticated  areas  of  solidification,  but  it  is  also  ex- 
plained by  assuming  that,  after  death,  the  lung  rises,  as  a result  of  re- 
traction or  partial  atelectasis  of  the  unsolidified  areas  above.  Death 
rarely  occurs  in  this  stage  except  when  great  exposure,  an  alcoholic 
debauch,  or  other  debilitating  antecedent  conditions  are  incident  to 
the  attack. 


a 

Fig.  286. — Three  Alveoli  Filled  with  Fibrinous  Exudate.  Croupous  Pneumonia,  Stage  of  Hepa- 
tization. ( Schmaus .)  250  diameters. 

a,  a , a,  a,  a,  a,  a,  a,  a.  Alveolar  septa  with  somewhat  distended  capillaries,  as  at  b,  b.  e.  Meshwork  of 
fibrin  occupying  the  cavity  of  the  air-vesicle.  Two  other  air-vesicles,  also  filled,  are  shown.  In 
this  solidified  exudate  are  entangled  desquamated  epithelial  cells,  c,  from  the  alveolar  wall  and  leuko- 
cytes, d,  d. 


The  stage  of  engorgement  is  often  found  in  one  part  of  the  lung 
when  another  area  is  more  advanced,  or  in  one  lung  when  its  fellow 
is  solidified.  • It  seems  reasonable  to  assume  that,  in  very  rare  cases, 
recovery  may  occur  without  further  progress  of  the  morbid  process. 

Stage  of  Red  Hepatization. — The  stage  of  engorgement  terminates 
by  the  distended  blood-vessels  pouring  out  an  inflammatory  exudate 
into  the  air-vesicles,  and  thus,  by  excluding  the  air,  bringing  about 
the  stage  of  solidification.  The  lung,  or  affected  area,  on  opening  the 
chest,  shows  absolutely  no  tendency  to  retract;  it  is  voluminous,  and 
may  be  marked  by  the  ribs;  the  color  is  darker  than  in  the  first  stage,  or 
rather  more  of  a brown  or  reddish-brown;  the  area  involved  is  solid, 
and  the  absence  of  air  is  shown  in  the  entire  freedom  from  crepitation, 
in  the  absolute  dullness,  great  weight,  and,  when  thrown  into  water, 
the  rapidity  with  which  the  involved  part  sinks.  On  section  (see  Plate 
VIII),  the  organ  is  dry,  rough,  and  granular;  a finger  passed  over  the 
scraped  surface  gives  to  the  observer  the  impression  of  a rough  surface, 
not  unlike  ground  glass;  this  and  the  granular  appearance  are  due  to 
the  plugs  of  fibrin  that  occlude  the  vesicles  and  on  section  project; 
they  may  be  scraped  out  or  picked  out  with  a needle,  and  often  an  in- 
fundibulum with  attached  cast  of  the  vesicles,  or  a bronchial  plug,  may 


PLATE  VIII 


Lung.  Croupous  Pneumonia.  Stage  of  red  hepatization. 

( Fox's  Atlas.) 
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be  removed.  The  area  is  friable,  and  gives  way  when  the  finger  is 
thrust  into  it;  a thick  slice  cut  from  the  surface  breaks  when  bent;  there  is 
nothing  more  characteristic  than  this  fact.  The  weight  of  the  normal 
lung  rarely  reaches  400  gm. ; the  lung  in  croupous  pneumonia  may 
weigh  three  to  six  times  as  much. 


a 


a a 


Fig.  287.— Croupous  Pneumonia.  Single  Air-vesicle  in  the  Second  Stage,  with  Slightly  Con- 
tracted Exudate.  (J-inch  objective,  i-inch  ocular.)  Much  higher  magnification  than  in  figure 
286,  with  the  object  of  bringing  out  the  fibrinous  network. 

Specimen  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and 
mounted  in  balsam,  o,  a,  a,  a,  a,  a.  Vesicular  walls,  b.  Exudate  in  the  air- vesicles;  during  life  the 
unoccupied  area  around  the  exudate  contained  serum  or  the  contraction  may  have  occurred  during 
fixation  and  hardening. 


Morbid  Histology. — On  microscopic  examination  the  blood-vessels 
are  less  distended  than  in  the  preceding  stage,  although  they  are  still 
fuller  than  normal.  The  inflammatory  exudate  derived  from  the  vessels 
now  occupies  the  vesicular  cavity.  When  the  exudate  passed  from  the 
vessel  it  was  liquid  (liquor  sanguinis),  but  in  the  vesicle  coagulation  of  the 
fibrin  has  solidified  the  intravesicular  contents  and  entangled  the  cellular 
elements  present.  With  the  transudation  of  the  liquor  sanguinis  leuko- 
cytes (by  diapedesis)  and  erythrocytes  (by  rhexis)  escape  into  the  vesicular 
cavity.  Thus  there  are  found  in  the  vesicle  leukocytes,  red  corpuscles,  and 
a few  desquamated  epithelial  cells  entangled  in  a meshwork  of  fibrin 
fibrillae.  . In  some  cases  the  fibrin  is  more  abundant  at  the  periphery  of  the 
39 
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vesicles ; commonly,  however,  it  is  fairly  uniformly  distributed  within  the 
affected  alveoli,  I have  seen  the  lines  of  fibrin  parallel,  but  usually  an 
interlaced  or  web-like  fibrin  mesh  is  present.  Often  threads  of  fibrin 
pass  through  the  vesicular  wall.  The  smaller  and  sometimes  relatively 
large  bronchi  contain  fibrinous  plugs.  The  character  and  number  of 
the  leukocytes  are  not  always  the  same  in  different  cases,  nor  are  the  same 
cells  present  in  all  the  alveoli  of  the  affected  area.  Undoubtedly  the  viru- 
lence of  the  infecting  organism,  the  number  present,  or  some  other  factor, 
exerts  different  chemiotactic  powers  upon  the  individual  leukocytes  of  the 
blood;  in  some  cases  the  mononuclears  are  the  first  to  appear  and  are  the 
most  conspicuous  cells;  this  is  in  accord  with  Pratt’s  observation.  Poly- 
morphonuclear leukocytes  often  appear  early  and  persist  with  decreasing 
numbers  into  the  later  stages.  The  small  amount  of  epithelium  contrasts 
strongly  with  the  abundance  of  that  element  in  the  air-vesicles  in  bron- 
chopneumonia. The  demonstration  of  the  presence  of  fibrin  is  best 
accomplished  by  Weigert’s  method.  (See  p.  244.) 

The  solid  exudate  extends  into  the  bronchioles,  and  may,  in  rare 
instances,  reach  bronchi  of  considerable  size.  The  connective  tissue 
of  the  lung  is  the  seat  of  more  or  less  swelling,  rarely  marked,  and  the 
lymph-spaces,  particularly  near  the  hilum  of  the  organ,  are  often  dis- 
tended by  leukocytes.  The  accumulation  of  leukocytes  around  the 
bronchi  is  less  evident  than  in  catarrhal  pneumonia.  Suitably  pre- 
pared sections  usually  show  abundant  pneumococci,  and  the  occasional 
presence  of  other  organisms,  to  which  reference  has  been  made. 

If  evidence  of  pleurisy  did  not  develop  in  the  earlier  stages,  it  is 
certain  to  do  so  now.  A thin  plastic  layer  or  a marked  fibrinous  exu- 
date may  be  present.  When  a past  pleurisy  has  obliterated  the  sac 
by  universal  adhesion,  an  exudate  is  often  present  in  the  newly  formed 
connective  tissue;  when  the  synechia  is  old  and  cicatrization  firm,  it 
is  less  susceptible  to  inflammatory  infiltration.  Serous  exudates  are 
rare,  and,  from  the  very  nature  of  the  lung  lesion,  cannot  be  large. 

Whether  or  not  a desquamative  process  preceded  the  stage  of  ex- 
udation at  present  under  consideration  there  is  now  induced  desqua- 
mation of  the  epithelial  lining  of  the  vesicles.  The  fibrin  contracts, 
and  free  fluid  collects  in  the  vesicle  or  is  taken  up  by  the  lymphatics. 
The  red  blood-cells  undergo  fragmentation  and  disintegrate,  and  bron- 
chial inflammation  with  some  of  the  features  of  a bronchopneumonia 
occurs.  The  presence  of  desquamated  and  fatty  epithelium  is  associated 
with  liquefaction  of  the  coagulum  in  the  vesicle  and  conversion  of  the  mass 
into  an  emulsion  favorable  for  absorption  or  expectoration.  These 
changes  usually  alter  the  color  of  the  organ  from  red  to  gray,  and  the 
condition  is  spoken  of  as  gray  hepatization.  The  duration  of  the  stage 
of  red  hepatization  no  doubt  varies;  in  three  days  after  the  onset  of 
symptoms  the  lung  may  be  gray;  on  the  other  hand,  the  author  has 
examined  a lung  thirty-nine  days  after  the  initial  chill,  and  thirty-seven 
days  after  the  clinical  diagnosis  of  solidification,  and  found  the  organ 
still  red. 

Gray  Hepatization. — When  this  stage  is  reached,  the  lung  no  longer 
resembles,  in  its  gross  appearance,  the  previous  stage,  just  described. 
As  indicated,  the  organ  is  reddish-gray,  gray,  or  yellowish-gray,  de- 
pending upon  the  degree  to  which  the  stage  is  developed;  the  affected 
tissue  is  much  softer  and  less  tense  than  in  the  red  stage,  tearing  with 
the  greatest  ease,  but  is  less  readily  broken  by  bending.  The  incised 


PLATE  IX. 


Lung.  Croupous  Pneumonia.  Stage  of  gray  hepatization.  The  pleura  on  the 
right  and  at  the  base  shows  the  fibrinous  exudate.  Modified  from  Bollinger. 
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surface  is  moist  and.  smooth,  in  contrast  to  the  dry  and  rough  surface 
observed  in  the  red  stage.  (See  Plate  IX.)  In  gray  hepatization 
squeezing  the  organ  leads  to  a rather  free  flow  of  the  partly  emulsified 
inflammatory  exudate. 

The  peribronchial  lymph  nodes  are  enlarged,  the  pleurisy  is  more  ad- 
vanced, and  occasionally  the  lymphatic  channels,  running  from  the  pleura 
toward  the  mediastinum,  are  swollen  and  show  as  light  yellow  or  yellow- 
ish-red streaks.  The  involved  area  is  still  airless,  at  least  in  the  earlier 
stages  of  the  gray  change,  as  may  be  shown  by  the  tests  already  given 
when  considering  the  airless  condition  of  the  organ  in  red  hepatization. 


Fig.  288. — Lung,  Croupous  Pneumonia,  Organization  of  the  Intravesicular  Exudate. 

The  duration  of  the  pneumonia  in  the  case  from  which  this  specimen  was  obtained  could  not  be  determined 
with  accuracy.  The  clinical  data  indicated  that  the  organ  had  certainly  been  solid  over  six  weeks. 
A.  Vessel  in  intervesicular  septum.  B.  Slightly  granular  partly  organized  intravesicular  plug.  C. 
Point  of  attachment  of  organizing  exudate  to  inner  wall  of  air- vesicle.  D.  Proliferating  vesicular  epi- 
thelium. In  the  vesicle  below  that  into  which  the  leader  from  D runs  are  many  large  cells  apparently 
epithelial  in  origin,  lying  free  in  the  cavity  with  a small  amount  of  granular  detritus. 


Under  the  microscope,  in  the  later  stage  of  gray  hepatization,  no  fibrin 
can  be  demonstrated,  but  the  vesicles  are  filled  with  cellular  elements 
resembling  those  of  bronchopneumonia;  there  are  more  leukocytes  and 
desquamated  epithelial  cells  in  varying  stages  of  granular  and  fatty 
change,  and  there  is  less  serum  than  in  the  bronchopneumonic  exu- 
date. The  coagulability  of  the  fluids  that  bathe  the  cut  surface  in  the 
gray  hepatization  can  be  shown  by  thrusting  the  organ  into  strong  alcohol, 
aqueous  solutions  of  picric  or  chromic  acid,  or  boiling  water,  thereby 
coagulating  the  albuminous  constituents  of  the  vesicular  contents.  The 
firmness  and  resisting  density  of  the  red  stage  cannot,  however,  be 
redeveloped,  as  the  material  which  solidifies  at  this  stage  is  albumin 
precipitated  by  coagulation,  and  not  fibrin. 


6l2 


SPECIAL  PATHOLOGY. 


7 erminations.1— It  is  reasonable  to  suppose  that  the  gray  stage  is 
the  beginning  process  of  resolution.  As  a result  of  autolytic  and  fatty 
changes,  the  softened  vesicular  exudate  eventually  becomes  transformed 
into  an  emulsion  that  is  absorbable  and  sufficiently  liquid  to  permit 
extrusion  from  the  air-vesicles  and  expectoration.  Fluidification,  the 
result  of  autolysis,  is  evidently  produced  by  enzymes  apparently  derived 
from  cells,  probably  leukocytes,  contained  in  the  exudate.  The  quantity 
leaving  the  lung  by  absorption  may  be  in  excess  of  that  escaping  by  the 
bronchi,  or  the  reverse.  The  amount  of  the  exudate  (estimated  by 
weighing  the  normal  lung  and  deducting  its  weight  from  that  of  the 
inflamed  organ)  varies  for  the  entire  lung  between  i kg.  and  1800 
gm.;  by  observing  how  little  is  expectorated,  the  activity  of  the  absorb- 
ents can  be,  in  part,  appreciated.  It  is  probable  that  this  absorbed 
material  is  largely  cared  for  by  the  lymphatics,  as  such  exudates  are  not 
likely  to  pass  through  even  capillary  walls.  The  termination  of  lobar 
pneumonia  in  interstitial  pneumonia  will  be  considered  with  the  latter. 
Occasionally,  croupous  pneumonia  apparently  terminates  in  tuberculosis. 
In  such  cases  the  tubercle  bacillus  may  have  been  in  the  lung  in  some 
quiescent  nodule,  or  the  lesion  may  be  the  result  of  a secondary  infection 
in  the  tissues  weakened  by  the  pneumonic  process. 

Unresolved,  organized,  or  organizing  pneumonia  results  when  reso- 
lution is  long  delayed  and  active  infection  suppressed.  The  condition 
is  also  called  chronic  pneumonia.2  The  essential  phenomenon  of  the 
process  is  the  gradual  substitution  of  the  fibrinous  contents  of  the  air- 
vesicles  by  fibrous  tissue  developed  from  the  intervesicular  structures. 
In  the  earlier  stages  continued  proliferation  and  desquamation  of  the 
epithelium  can  sometimes  be  recognized.  Outgrowths  from  the  connec- 
tive tissue  of  the  intervesicular  wall  gradually  extend  into  the  cavities  of 
the  air-cells,  which  are  eventually  filled  by  a hyaline,  rather  imperfectly 
developed,  fibrous  tissue.  The  vessels  supplying  the  new  structure  are 
derived  from  the  pre-existing  capillaries  of  the  alveolar  wall.  Before 
the  completion  of  the  process  the  newly  formed  tissue  is  attached  by  a 
pedicle  to  the  wall  of  the  air-vesicle  at  the  point  from  which  it  arose. 
Eventually  the  pulmonary  tissue  contracts  and  the  affected  structures 
become  paler  and  firmer.  Any  residual  epithelial  cells  disappear,  the 
newly  formed  intra-alveolar  fibrous  tissue  merges  with  the  vesicular  wall, 
and  obliteration  of  the  pulmonary  parenchyma  is  completed. 

Lesions  That  May  Accompany  Croupous  Pneumonia. — Pleurisy  is 
always  present  in  a pneumonia  that  reaches  the  surface  of  the  lung. 
Pleurisy  of  the  base  with  pneumonia  of  the  apex,  and  inflammation  of 
the  opposite  pleura,  are  combinations  of  pathologic  interest.  While 
the  pleurisy  is  usually  manifested  by  a slight  plastic  or  an  abundant 
solid  exudate  and  little  serum,  it  is  not  invariably  so;  abundant  serous 
exudates  occasionally  occur,  and  empyema  (suppurative  pleurisy)  is 
not  so  infrequent  as  was  once  believed.  It  is  now  established  that 
the  pneumococcus  is  the  essential  etiologic  factor  in  various  forms  of 
pleurisy,  and  that  it  may,  without  mixed  infection,  induce  suppuration. 

Pericardial  inflammation  accompanying  pneumonia  partakes  of  the 

1 For  the  formation  of  abscess  in  lobar  pneumonia  see  p.  600.  Gangrene  resulting 
from  lobar  pneumonia  is  also  there  described. 

2 Nothnagel’s  Encyclopedia  of  Medicine,  American  edition,  volume  on  Diseases 
of  the  Bronchi,  Pleura,  and  Lungs,  1903,  p.  685.  Marchiafava,  II  Policlinico,  Rome, 
1907,  xiv,  477. 
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same  general  character  already  described  as  present  in  pleurisy,  and  is 
due  to  the  same  cause.  It  occurs  most  commonly  in  pneumonia  of  the 
left  lung,  and  especially  when  that  part  of  the  lung  overlying  the  peri- 
cardium is  the  seat  of  the  disease. 

The  blood  changes  that  occur  in  croupous  pneumonia,  although  not 
characteristic,  are  important.  There  is  a notable  increase  in  the  num- 
ber of  poly morphonuelear  leukocytes ; poikilocytosis  is  occasionally  present ; 
the  alkalinity  of  the  blood  is  decreased.  Although  not  of  unvarying 
import,  increase  in  the  leukocytes  is  considered  a favorable  prognostic 
omen.  Tchistovitch  believes  he  has  demonstrated  that  the  crisis  results 
from  the  accumulation  of  phagocytes  in  the  pulmonary  tissue.  It  is  well 
known  that  leukopenia  is  often  marked  in  fatal  cases.  During  the  active 
stages  of  the  disease  the  pneumococcus  is  usually  present  in  the  blood; 
Rosenow  found  it  in  ninety-one  per  cent,  of  175  cases  studied. 

The  heart  muscle  may  show  cloudy  swelling;  less  commonly,  ad- 
vanced granular  change;  and,  rarely,  a well-marked  fatty  degeneration, 
or  a frank  acute  nonsuppurative  myocarditis  may  be  in  progress.  Myo- 
cardial infective  processes  have  not  been  observed.  Acute  dilatation  of  the 
heart  affecting  particularly  the  right  ventricle  occurs  frequently  in  fatal 
cases.  Cardiac  thrombi  on  the  left  side  develop  rarely,  except  immedi- 
ately preceding  death,  and  when  associated  with  endocardial  inflammation. 
Just  preceding  death,  in  the  agonal  period,  the  slowed  and  greatly  ob- 
structed circulation  of  the  right  side  may  be  embarrassed  by  clots  extend- 
ing from  the  right  ventricle  into  the  smaller  ramifications  of  the  pulmonary 
artery,  and,  at  the  postmortem,  these  may  be  pulled  out  as  long  tree- 
like or  whip-like  masses. 

Endocarditis,  both  acute  simple  and  acute  malignant,  occurs.  The 
acute  simple  form  has  been  found  without  the  observer  being  able  to 
demonstrate  pneumococci  in  the  blood  or  cardiac  lesion;  they  are,  however, 
commonly  present.  In  the  malignant  form  of  endocarditis  accompany- 
ing pneumonia  the  pneumococcus  is  invariably  present,  and  in  a small 
percentage  of  the  cases  other  organisms  of  suppuration  occur  in  the  vegeta- 
tions and  blood. 

Monarticular  joint  inflammations  have  been  frequently  noted,  and 
are  extremely  likely  to  terminate  in  suppuration.  It  is  interesting  to  note 
that  pneumococci  have  been  found  in  the  affected  joints,  in  the  pus  from 
the  joints,  and  that  arthritis  has  been  induced  by  the  intra-articular 
injection  of  the  organism. 

The  extreme  selection  of  serous  surfaces  by  this  organism  and  its 
products  is  further  illustrated  in  the  occasional  peritonitis  and  inflam- 
mation of  tendon  sheaths  that  have  been  observed. 

Meningitis  is  another  illustration  of  the  liability  of  serous  surfaces 
to  suffer;  while  it  may  occur  with  malignant  endocarditis  and  be  ac- 
companied by  embolic  processes,  both  may  be  absent.  All  the  intra- 
cranial serous  structures  may  be  the  seat  of  the  disease,  or  it  may  be 
restricted  to  a single  fossa  or  region  or  to  the  base.  Infection  occurs 
through  the  blood  or  from  the  nasal  or  aural  spaces,  and  the  seat  of 
the  lesion  may  indicate  the  source  of  the  infection.  The  process  may 
be  restricted  to  the  meninges  or  the  brain  structure  may  be  involved. 
Involvement  of  the  spinal  meninges  has  been  observed. 

A number  of  mucous  membranes  may  be  infected  by  the  pneumo- 
coccus, either  during  pneumonia  or  independently;  the  most  frequent 
are  the  ear  ( otitis  media)  and  mucous  surfaces  of  the  nasal  appendages; 
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e.  g.,  abscess  of  the  frontal  sinus,  containing  the  diplococcus  and  followed 
by  a diplococcus-meningitis.  Anders  reports  three  cases  of  cholecystitis 
complicating  croupous  pneumonia.  Suppurative  parotitis  (the  pus 
containing  diplococci)  is  occasionally  observed.  Fibrinous  inflammations 
of  the  stomach,  colon,  and  other  mucous  surfaces  may  occur;  hemor- 
rhagic and  gangrenous  processes  are  less  frequent,  except  in  the  embolic 
phenomena  which  accompany  malignant  endocarditis.  The  epithelium 
of  the  mucosae,  liver,  and  kidneys  is  usually  cloudy;  The  renal  lesion 
in  croupous  pneumonia,  manifested  by  the  presence  of  more  or  less 
albumin  in  the  urine,  rarely  passes  on  to  an  inflammatory  condition 
which  persists  after  the  disappearance  of  the  initial  cause.  In  fatal 
cases  an  acute  diffuse  or  acute  nonsuppurative  interstitial  nephritis  is  often 
observed.  Thrombosis  of  one  or  more  veins  and  thrombo arteritis  sometimes 
occur.  Either  of  these  may  give  rise  to  gangrene.  As  instance  of  acute 
thyroiditis , the  pus  of  which  contains  pneumococci,  is  recorded.  Among 
the  complications  involving  the  nervous  system  may  be  mentioned 
acute  cerebritis,  monoplegias,  hemiplegias,  and  neuritis. 

Bronchopneumonia.1 — This  disease  is  also  known  as  lobular  pneu- 
monia, a name  objectionable  in  that  it  does  not  indicate  the  bronchial 
association  that  is  always  present,  and  also  in  the  fact  that  embolic 
processes  may  be  essentially  lobular  and  still  bear  no  relation  in  point 
of  cause  or  pathology  to  the  condition  under  consideration.  The  name 
catarrhal  pneumonia  indicates  the  character  of  the  exudate,  but  not  all 
its  component  parts  are  catarrhal  in  point  of  origin,  and  the  changes  to 
be  noted  in  the  vesicular  wall  make  the  process  more  than  a superficial  in- 
flammation. The  designation  capillary  bronchitis  is  objectionable,  as 
it  does  not  indicate  the  accompanying  vesicular  change.  The  term 
disseminated  pneumonia  indicates  the  wide  distribution  of  the  process 
in  contradistinction  to  the  more  or  less  circumscribed  lesion  of  croupous 
pneumonia.  The  term  catarrhal  bronchopneumonia  seems  no  better 
than  bronchopneumonia  alone.  The  various  other  synonyms  that  have 
been  given  in  attempts  to  indicate  the  location  or  character  of  the  lesion, 
the  cause  or  termination,  are  either  obsolete  or  objectionable. 

Causes. — Bronchopneumonia  is  not,  as  a rule  , a primary  disease,  but 
arises  secondarily  in  some  other  process.  Conner  has  collated  the  ex- 
periences of  a large  number  of  observers  and  concludes  that  probably 
less  than  thirty  per  cent,  to  thirty-five  per  cent,  of  the  cases  are  pri- 
mary. In  nearly  all,  if  not  all,  cases  the  bronchiole  or  the  passage  above 
is  primarily  involved,  and  the  vesicle  is  secondarily  affected.  When  the 
inflammatory  process  follows  disease  of  the  intervesicular  wall,  such  as 
tuberculosis  of  that  structure,  one  can  conceive  the  initial  lesion  to  have 
been  in  the  vesicle;  but,  aside  from  this  factor — contiguous  disease — 
bronchopneumonia,  as  the  name  indicates,  begins  essentially  as  a bronchial 
inflammation. 

While  no  specific  germ  has  been  adduced,  the  phenomena  are  those 

1 Steven,  Lancet,  Sept.,  20,  1902,  p.  791.  Richat  and  Goepfert,  Rev.  mens,  des 
Mai.  de  l’Enfance,  Aug.,  1902.  Joachmann  and  Moltrecht,  Zentralbl.  f.  Bakt.,  1903, 
xxxiv,  15.  Robertson,  Scottish  Med.  and  Surg.  Jour.,  June,  1903,  p.  485.  Conner, 
N.  Y.  Med.  Jour.,  Dec.  26,  1903,  p.  1213.  Laignel-Lavastine  and  Voisin,  Arch. 
Gen.  de  Med.  et  path.  Anat.,  March,  1904,  p.  206.  Bovaird,  Med.  News,  April  30, 

1904,  p.  820.  Hardy,  Lancet,  Sept.  24,  1904,  p.  885.  Woolstein,  Jour.  Exper. 
Med.,  1905,  vol.  vi,  p.  391.  Sutherland,  Harveian  Soc.  of  London,  Feb.  9,  1904; 
also  Lancet,  Feb.  25,  1905,  p.  502.  Lord,  Boston  Med.  and  Surg.  Jour.,  May  18, 

1905,  p.  574.  Dunn,  Boston  Med.  and  Surg.  Jour.,  May  7,  1908. 
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commonly  attributed  to  infection  or  infectious  products.  The  pneumo- 
coccus of  Frankel  is  present  in  a relatively  large  percentage  of  the  cases; 
it  may  occur  alone  or  be  associated  with  other  organisms.  Meunier  has 
shown  that  the  only  organism  present  may  be  the  Bacillus  influenzae; 
streptococci  and  other  pyococci  are  sometimes  found.  The  condition  is 
so  constantly  a part  of  various  infections  that  it  would  seem  that  the 
definite  anatomic  alterations  to  be  described  might  arise  from  a multitude 
of  causes,  a few  acting  singly,  or  the  combination  of  two  or  more  factors. 
The  fact  that  bronchopneumonia  occurs  most  constantly,  as  an  important 
process,  in  the  young  and  the  aged  seems  to  indicate  some  peculiarity  of 
tissue  at  those  periods;  this  has  been  assumed  to  be,  in  part  at  least,  an 
inability  of  the  terminal  air-passages  to  evacuate  themselves,  owing  to 
the  faulty  or  poorly  developed  elastic  tissue  in  the  lung  of  the  young, 
or  muscular  weakness  of  the  respiratory  apparatus  in  the  two  extremes  of 
life;  further,  the  epithelium  of  the  infant,  in  the  transitional  stages  of 
development,  is  most  abundantly  exfoliated  as  a result  of  an  irritation 
that  adult  tissues  would  resist.  That  such  excessive  susceptibility  of 
the  mucous  surfaces  exists  is  shown  in  the  gastro-intestinal  diseases 
of  childhood  equally  as  much  as  in  the  pulmonary  lesions.  Bovaird 
states  that  in  the  Foundling  Hospital  forty  per  cent,  of  the  dead  have 
bronchopneumonia.  A similar  susceptibility  is  manifest  in  old  age. 

Unsanitary  surroundings,  crowding,  poorly  ventilated  sleeping  or 
living  rooms,  are  all  predisposing  elements.  Exposure,  cold,  dampness, 
and  other  incidents  of  the  winter  months  show  a marked  influence, 
the  disease  being  most  prevalent  from  November  to  May,  inclusive, 
reaching  its  acme  in  the  uncertain,  varying,  climatic  conditions  of  the 
early  spring  months.  Its  relation  to  the  infections  is  shown  in  the 
constancy  with  which  it  develops  in  the  presence  of  those  conditions; 
of  the  acute  infectious  diseases,  measles  is  the  one  with  which  it  is  most 
frequently  associated,  although  diphtheria,  both  pharyngeal  and  laryn- 
geal, especially  the  latter,  is  commonly  the  immediate  precursor  or 
accompanying  lesion.  Scarlet  fever  and  whooping-cough  are  usually,  and 
typhoid  fever  and  smallpox  may  be,  accompanied  by  bronchopneumonia. 

When  the  respiratory  apparatus  is  the  seat  of  any  of  the  specific 
infectious  diseases,  whether  acute  or  chronic — anthrax  (as  in  wool-sorter’s 
disease),  tuberculosis,  glanders,  leprosy,  etc. — bronchopneumonia  is 
extremely  liable  to  occur;  and  when  one  of  these  processes  involves  the 
lung,  catarrhal  pneumonia  is  inevitable.  The  bacillus  of  tuberculosis 
in  the  lung,  whether  in  the  cavities  of  the  alveoli,  as  when  aspirated 
from  above,  or  in  the  vesicular  or  bronchiole  wall,  as  when  brought  by 
the  blood  or  lymphatics,  always  incites  a bronchopneumonia,  which  is 
modified  by  the  tuberculous  process,  but  is,  nevertheless,  a characteristic 
lesion.  Bronchopneumonia  may  be  present  in  syphilis  of  the  lung. 

When  infectious  materials  are  drawn  into  the  lung,  as  in  the  deg- 
lutition and  aspiration  pneumonias,  to  which  reference  has  already 
been  made,  bronchopneumonia  and  other  accompanying  infective  proc- 
esses ensue;  that  bronchopneumonia  is  not  the  whole  of  the  process  is 
shown  by  the  frequency  with  which  suppuration  or  gangrene  may  follow. 
(See  Pulmonary  Suppuration,  p.  599.)  Bronchopneumonia  also  terminates 
fibrinous  or  lobar  pneumonia  when  resolution  is  gradually  reestablishing 
the  normal. 

In  conclusion,  it  remains  to  be  said  that  any  condition  that  lowers 
the  vitality  of  the  individual,  that  weakens  protective  influences  guarding 
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the  avenues  open  for  infection,  that  depresses  or  debilitates,  favors  the 
development  of  bronchopneumonia.  To  this  group  of  causes  belong 
Bright  s disease,  chronic  heart  disease,  convalescence  from  acute  processes, 
or  the  debilitating  influences  of  more  chronic  ones.  Bronchopneumonia 
to  a varying  degree  always  accompanies  pneumoconiosis. 

Morbid  Anatomy. — In  recent  cases,  acute  in  time,  the  lung  is  more 
voluminous  than  normal,  and  does  not  collapse  with  usual  promptness, 
and  may  not  shrink  in  the  least  when  the  chest  is  opened;  there  is  not  that 
dense  firmness  of  the  tissue  involved  so  constantly  present  in  fibrinous 
or  lobar  pneumonia,  and  on  superficial  examination  the  lung  appears 
to  crepitate  throughout ; examined  more  closely,  areas  that  do  not  crepitate 
are  easily  found;  while  firm,  they  are  not  dense,  and  are  small  nodules 


Fig.  289.- — Lung,  Including  a Small  Bronchus.  Bronchitis  and  Bronchopneumonia. 

The  bronchus  (center  of  field)  shows  desquamation  of  epithelium,  many  of  the  cells  being  completely  de- 
tached and  others  in  process  of  detachment.  The  bronchial  wall  is  infiltrated  by  mononuclear  leuko- 
cytes. Many  of  the  adjacent  air-vesicles  contain  a granular  deposit  resulting  from  precipitation, 
during  fixation,  of  an  albuminous  exudate;  in  this  granular  material  are  varying  numbers  of  mono- 
nuclear cells  and  epithelial  cells,  the  latter  having  been  cast  off  the  alveolar  walls. 


in  contrast  to  the  large  areas  of  fibrinous  pneumonia.  On  the  surface 
of  the  lung,  as  a rule  near  the  base,  are  areas  sunken  below  the  surface, 
blue  or  bluish-brown  in  color,  usually  isolated  and  small,  although 
in  rare  instances  almost,  if  not  quite,  all  of  a lobe  may  be  involved  in 
the  atelectatic  process.  Usually,  such  areas  can  be  reexpanded  by  forcing 
air  into  the  bronchus.  The  area  joining  that  of  collapse  is  not  uncom- 
monly emphysematous,  as  are  the  anterior  and  apical  margins.  At 
scattered  points  will  be  found  projecting  areas,  over  which  the  pleura 
may  be  rough  or  even  show  a beginning  exudate;  the  larger  the  consol- 
idated portion,  the  more  evident  the  pleurisy.  On  section,  the  surface  is 
usually  dark  or  reddish,  although  in  adults  it  may  be  gray  at  points — not 
unlike  the  gray  stage  of  fibrinous  pneumonia.  The  surface  is  smooth  and 
moist,  and  drips  blood  or  bloody  serum.  The  outline  of  the  affected  lobules 
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can  be  seen,  or,  where  a number  have  run  together,  they  usually  manifest 
different  stages  of  the  process,  and  can  in  that  way  be  distinguished. 
A suitable  lobule,  on  longitudinal  section,  shows  the  grape-like  structure 
of  the  lung,  with  alveoli,  infundibula,  and  bronchiole  filled  with  puriform 
mucus;  a transverse  section  reveals  the  central  bronchiole,  containing  a 
tenacious  plug  of  mucus,  surrounded  by  distended  vesicles  and  the  ad- 
jacent collapsed  lobules.  Adjoining  the  inflamed  tissue  areas  of  collapse 
may  be  readily  distinguished,  or  they  may  be  indistinct;  if  defined,  they 
are  dark,  smooth,  airless,  and  instead  of  bulging  when  cut,  apparently 
retract;  when  immediately  subpleural,  there  may  be  ecchymosis  in  or  over 
them;  when  not  well  defined,  the  outline  is  formed  by  darkish  bands  tra- 
versing the  lobes  in  an  irregular  manner.  The  peribronchial  lymphatic 
nodes  are  usually  swollen  and  edematous,  owing  to  the  effort  made  to  care 
for  the  degenerative  product  of  the  bronchial  and  vesicular  inflammation. 
In  some  cases  the  lymphatics  traversing  the  lung  are  also  distended. 

Morbid  Histology. — If  a drop  of  the  fluid  that  fills  the  air-spaces  be 
squeezed  out  upon  a slide,  it  will  be  found  composed  of  germinal,  granular, 
and  fatty  epithelium,  a varying  number  of  leukocytes,  rarely  any  red  blood- 
cells.  The  fluid  exudate  must  be  solidified  before  making  sections  for 
histologic  examination;  this  may  be  accomplished  by  thrusting  a part  of 
the  affected  tissue  into  boiling  water, 
and  thus  coagulating  the  albumin  in 
the  serum  and  incarcerating  the  cellu- 
lar elements;  such  a process  alters  the 
surrounding  structures  too  profoundly 
to  be  commendable,  and  the  same  ob- 
ject may  be  secured  by  using  absolute 
alcohol  or  Flemming’s  or  Hermann’s 
fixing  solutions.  (See  Appendix.)  In- 
filtration is  imperative  in  order  to  retain 
the  histologic  structure  in  place. 

Examination  of  properly  prepared 
sections  discloses  the  alveoli  filled,  not 
with  a fibrin-bearing  exudate,  as  in 
lobar  pneumonia,  except  in  a very  few 
scattered  vesicles,  but  with  a mucoid  ex- 
udate containing  the  cellular  elements 
previously  indicated,  the  epithelium 
being  especially  conspicuous.  The  bronchiole  lumen  will  be  found  occluded 
by  the  same  exudate,  the  wall  infiltrated  by  leukocytes,  and  the  integral 
elements  pushed  apart,  typifying  the  swelling  that  was  present.  Longi- 
tudinal sections  reveal,  in  the  bronchiole,  more  or  less  irregularity  in 
the  transverse  diameter — saccular  dilatation.  The  infundibulum  and  its 
surrounding  vesicles  are  filled  with  a similar  exudate,  and  the  same 
cellular  infiltration  of  the  vesicular  walls  may  be  found.  Toward  the 
margin  of  the  affected  lobule  the  distention  is  less  marked,  and  the  alveolar 
epithelium  shows  desquamation  and  marked  fatty  changes.  The  capil- 
laries of  the  walls,  both  vesicular  and  bronchial,  are  usually  distended  and 
surrounded  by  leukocytes.  The  lymphatic  channels  leading  from  the 
affected  areas  are  usually  engorged.  In  the  peribronchial  lymphatics 
more  or  less  swelling  and  infiltration  are  manifest. 

In  the  bronchopneumonia  accompanying  the  aspiration  of  foreign 
bodies  into  the  bronchi  the  bacteria  present  infiltrate  the  connective 


Fig.  290. — Two  Alveoli  and  a Part  of  a 
Third  from  Lung  in  Catarrhal 
Pneumonia. 

a,  a,  a.  Walls  of  the  alveoli,  b.  Desqua- 
mated epithelial  cells  from  the  walls  of 
the  alveolus,  c.  Alveolus  filled  with 
catarrhal  exudate,  d.  Leukocyte. 
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tissue,  abundant  leukocytic  infiltration  occurs,  and,  if  the  processes 
have  sufficient  time,  suppuration  or  gangrene  occurs. 

Terminations. — Acute  bronchopneumonia  undergoes  resolution  rap- 
idly once  the  process  begins;  upon  withdrawal  of  the  cause  the  lymphatics 
and  blood-vessels  dispose  of  the  unexpectorated  exudate,  epithelium 
rehabilitates  the  denuded  walls,  and  resorption  of  cellular  products  in  the 
vesicular  and  bronchiole  tissues  follows  the  removal  of  the  liquid  exudates 
that  caused  the  swelling  to  which  reference  was  made  while  considering 
the  histology.  The  feebleness  of  the  respiration  and  the  reduced  resistance 
may  enable  deposited  bacteria  to  secure  a more  or  less  permanent  abode. 
That  pyogenic  and  saprophytic  bacteria  may  induce  suppuration  and 
gangrene  has  already  been  stated.  In  the  distended  vesicles  or  lobules 
tubercle  bacilli  may  lodge,  and  the  characteristic  phenomena  of  tubercu- 
losis ensue,  constituting  a tuberculous  infection  secondary  to  the  broncho- 
pneumonia. This,  while  possible,  is  no  doubt  rare,  and  where  caseation 
with  fibroid  encapsulation  of  the  caseous  area  is  found  postmortem,  it  is 
probable  that  the  disease  was  tuberculous  from  the  start,  but  that  the 
conservative  elements  limited  the  process;  these  areas  may  become  cal- 
careous, and  exhibit  the  other  phenomena  so  constantly  associated  with 
quiescent  tuberculosis.  It  is  possible  for  tuberculosis  to  follow  a more 
wide-spread  infiltration,  or  the  tubercle  bacillus  may  have  induced  the 
pneumonia.  At  one  time  it  was  believed  that  caseation  and  fibroid 
change  were  legitimate  terminations  of  bronchopneumonia,  and  recognized 
as  frequently  occurring  conditions.  While,  as  already  stated,  one  can 
conceive  of  a simple  nontuberculous  area  of  consolidation  becoming 
fibroid  and  limited,  independent  of  the  bacillus  of  tuberculosis,  still, 
when  caseation  and  calcareous  infiltration  are  found,  the  evidence  is 
clearly  that  of  a “healed-in”  tuberculous  focus. 

The  complications  of  bronchopneumonia  are  fewer  and  occur  less  fre- 
quently than  those  observed  in  croupous  pneumonia.  The  catarrhal 
lesions  of  the  upper  air-passages  are  not  properly  considered  as  compli- 
cations. Empyema  is  probably  the  most  important  coincident  affection  or 
sequel.  Meningitis  is  occasionally  observed;  Hardy  encountered  it  eight 
times  in  150  cases;  he  places  it  among  the  causes  of  bronchopneumonia. 
Joint  complications  are  infrequent,  but  Bichat  and  Goepfert  have  shown 
that  they  may  occur  and  be  due  to  the  pneumococcus  or  other  pyogenic 
organisms.  Endocardial  and  myocardial  changes  of  importance  are  usu- 
ally the  result  of  the  condition  which  caused  pneumonia,  and  not  truly 
a consequence  of  the  latter;  to  this  statement  there  are  occasionally  ex- 
ceptions. Leukocytosis  is  frequently  present  but  is  rarely  marked.  Sim- 
ple uncomplicated  attacks  are  rarely  attended  by  changes  in  the  kidneys 
or  important  structural  alterations  in  the  liver. 

Fibroid  pneumonia,1  interstitial  pneumonia,  chronic  interstitial  pneu- 
monia, pulmonary  cirrhosis,  or,  more  properly,  pulmonary  sclerosis, 
fibroid  induration,  fibroid  lung,  with  various  other  synonyms,  is  a chronic 
productive  inflammatory  process,  involving  essentially  the  connective 
tissue  of  the  organ,  with  increase  of  the  fibrous  elements  and  more  or 
less  contraction  of  the  newly  formed  structures.  The  degree  to  which 
the  change  may  progress  is  dependent  upon  many  factors.  The  fact  that 

1 Vogel,  Ziegler’s  Beitr.,  1900,  vol.  xxviii.  Auld,  Brit.  Med.  Jour.,  Feb.  4,  1905, 
p.  236.  Also  article  on  Chronic  Pneumonia,  Nothnagel’s  Encyclopedia  of  Practical 
Medicine,  American  edition,  volume  on  Diseases  of  the  Bronchi,  Pleura,  and  Lungs, 
1903,  p.  685. 
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the  process,  practically  always,  is  secondary  to  some  other  lesion,  has  led 
to  a multitude  of  names,  each  assuming  the  existence  of  a separate  condi- 
tion. No  inflammation  of  the  lung  tissue,  no  invasion  of  the  pulmonary 
structure  by  foreign  bodies,  whether  coal  or  iron,  bacteria  or  morbid 
growths,  is  likely  to  occur  without  a certain  amount  of  increase  in  the 
fibrous  tissue.  This  statement  indicates  the  character  of  the  causes  which 
are  active.  Fibrinous  pneumonia,  bronchopneumonia,  tuberculous  pneu- 
monia, and  other  infectious  processes  which  may  induce  inflammation — 


Fig.  291. 

Lung,  Chronic  Interstitial  Pneumonia. 

Bands  of  fibrous  tissue  following  course  of  interlobular  septa  and  surrounding  blood-vessels  and  bronchi. 

( Landis , Fifth  Ann.  Rep.  of  Phipps  Inst.) 

as  syphilis,  leprosy,  and  actinomycosis,  pneumoconiosis,  and  inflammation 
of  the  pleura — may  all  be  cited  as  etiologic  factors. 

When  the  cause  is  limited  to  a part  of  the  lung,  the  fibroid  change 
may  involve  only  a small  area;  thus,  a small  circumscribed,  possibly 
quiescent  tuberculous  process  in  an  apex  may  be  surrounded  by  an 
insignificant  area  of  advanced  interstitial  fibroid  change.  When  a pro- 
tracted bronchopneumonia  has  involved,  for  any  great  length  of  time, 


620 


SPECIAL  PATHOLOGY. 


the  entire  pulmonary  structure,  increase  of  fibrous  tissue  is  usually  present 
throughout  both  lungs,  the  bronchial  walls  are  thickened,  and  many 
intervesicular  septa  more  or  less  fibroid.  Attempts  have  been  made 
to  classify  these  various  stages  and  degrees,  but  one  lung  may  be  in 
one  stage  and  the  other  contain  similar  lesions  developed  to  quite  a 
different  degree;  one  lung  may  be  universally  fibroid,  the  other  show 
only  points  of  fibroid  change — the  so-called  local  fibroid  pneumonia. 
As  to  source  or  cause,  the  fibrous-tissue  increase  follows  out  certain 
lines. 


Fig.  292. 

Lung,  Chronic  Interstitial  Pneumonia  and  Chronic  Pleurisy. 

Fibrosis  of  lung  in  which  the  greatly  thickened  pleura  and  the  fibrosis  at  root  of  organ  are  independent 

of  each  other.  ( Landis , Fifth  Ann.  Rep.  of  Phipps  Inst.) 


In  fibrinous  pneumonia  the  area  involved  may  not  undergo  resolu- 
tion, but  pass  into  this  condition  of  fibrosis.  The  connective-tissue 
cells  in  the  vesicular  wall  proliferate,  and  the  fibrinous  plugs  occupying 
the  vesicles  and  infundibula  pass  through  the  various  stages  of  em- 
bryonic and  granulation  tissues,  and  eventually  the  mass  becomes  con- 
verted, more  or  less  completely,  into  fibrous  tissue — a condition  spoken 
of  as  the  gray  induration  of  unresolved  pneumonia.  The  area  is  gray, 
firm,  elastic,  and  smooth,  and  closely  resembles  recently  developed  but 
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slightly  contracted  connective  tissue.  The  process  is  one  of  the  infrequent 
terminations  of  croupous  pneumonia.  In  persistent  bronchopneumonia 
the  inflammatory  changes,  already  noted  as  occurring  in  the  vesicular 
wall,  lead  to  thickening,  and  in  the  areas  of  collapse  this  may  preclude 
restoration  of  function.  The  most  marked  development  of  fibrous  tissue 
occurs  around  the  bronchi — a peribronchitis — followed  by  the  fibrous 
invasion  extending  to  the  septa  between  lobules,  and  eventually  to  the 
vesicular  walls. 

When  fibroid  lung  follows  an  inflammation  of  the  pleura — pleurog- 
enous  interstitial  pneumonia — -the  condition  is  usually  associated  with 
plastic  pleurisy,  the  formative  inflammatory  process  extending  into 
the  lung  along  the  course  of  the  interlobular  septa  and  peribronchial 
lymphatics.  This  differs  etiologically  from  the  fibroid  condition  already 
described  as  occurring  in  the  more  or  less  completely  collapsed  lung 
with  thickening  of  the  pleura  and  constriction  of  the  lung  by  an  inter- 
stitial process;  the  shrinking  or  contraction  of  the  organ  is  secondary 
to  the  development  of  new  fibrous  tissue;  in  the  collapsed  lung  the  fibroid 
change  is  secondary  to  the  pleural  thickening  and  the  cessation  of 
function. 

The  development  of  fibroid  lung  in  pneumoconiosis  has  already 
been  considered;1  it  remains  only  to  be  said  that  the  increase  in  fibrous 
tissue  there  noted  is  due  to  the  direct  influence  of  the  foreign  bodies  in 
the  connective  tissue  of  the  lung,  exactly  as  fibrous  tissue  develops  around 
any  extraneous  body  in  the  process  of  “healing-in”;  to  this  must  be  added 
the  thickening  incident  to  the  accompanying  inflammation  of  the  mucous 
surface,  such  as  always  occurs  when  persistent  inflammation  leads  to 
fibrous  changes  in  the  submucosa.  (See  Fig.  257,  p.  549.) 

Morbid  Anatomy. — From  the  foregoing  it  will  be  seen  how  varied 
the  appearance  of  such  organs  must  be.  In  the  simpler,  less  extensive, 
and  generally  disseminated  lesion  the  organ  is  firmer  than  normal,  and 
on  the  pleura  the  fibroid  areas  between  lobes  or  lobules  may  be  recog- 
nized. On  section,  these  areas  of  fibrosis  appear  as  gray,  more  or  less 
pigmented  masses,  usually  radiating  from  the  central  bronchus  along  the 
lines  of  the  interlobar  or  interlobular  septa.  The  uninvolved  portions  of 
the  lung  may  be  slightly  emphysematous,  and  the  elasticity  of  the  organ  so 
modified  that  it  collapses  slowly,  if  at  all.  In  more  advanced  cases,  or  when 
the  lesion  is  more  marked,  the  fibrous  tissue  involves  a whole  lobe,  or  a 
greater  part  of  a lobe,  and  is  conspicuous;  on  section,  it  differs  in  degree 
only  from  the  next  condition  to  be  described,  in  which  the  whole  of  a 
lung  is  usually  involved. 

This  constitutes  true  cirrhosis,  or,  better,  sclerosis  of  the  lung.  Of 
necessity,  the  process  is  unilateral,  and  the  corresponding  chest-wall 
shrunken  and  pulled  in,  and  the  shoulder  lower  than  that  of  the  unaffected 
side.  The  opposite  lung  is  voluminous,  extends  far  beyond  the  median 
line,  is  emphysematous,  and  the  mediastinal  tissues,  heart,  and  great 
vessels  are  displaced  toward  the  affected  side.  The  diminished  volume 
of  the  fibroid  lung  may  be  incredible;  the  author  saw  a case  in  which  it 
was  not  larger  than  two  small  fists,  and  Osier  speaks  of  an  instance  in 
which  the  affected  organ  was  not  found  (!).  The  lung  is  firm,  at  times 
doughy  and  airless,  and  resists  the  knife  to  an  unusual  degree.  In  the 
pleurogenous  form,  and  when  the  process  follows  croupous  pneumonia, 

1 See  Pneumoconiosis,  and  other  infiltrations  of  mucous  membranes,  p.  547;  also 
Chronic  Catarrhal  Inflammation  of  Mucous  Membranes,  p.  553. 
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the  pleura  may  be  adherent,  and  is  always  very  much  thickened;  when 
the  condition  results  from  intrapulmonary  causes,  the  pleura  may  not 
be  -affected.  The  bronchi  are  nearly  always  more  or  less  dilated,  some- 


A 


A 


Fig.  293. — Lung,  Chronic  Interstitial  Pneumonia,  Bronchiectasis,  Hyaloserositis,  and  a Terminal 
Catarrhal  Pneumonia  Resulting  from  Concurrent  Infection  by  the  Tubercle  Bacillus 
and  Pneumococcus. 

A,  A.  Greatly  thickened  pleura.  B.  Dilated  bronchi.  C.  One  of  many  broad  strata  of  fibrous  tissue 
irregularly  traversing  the  organ.  D.  Large  caseous  lymph-node  near  hilum  of  lung,  and  immediately 
adjacent  to  the  aorta,  a section  of  which  is  shown  just  above.  The  aorta  is  the  seat  of  slight  atheroma. 


times  to  an  enormous  degree.  (See  Bronchiectasis,  p.  585.)  The  cut 
surface  shows  the  fibroid  character  to  advantage ; the  blood-vessels 
and  bronchi  are  embedded  in  a mass  of  grayish,  rather  dense,  often 
hyaline,  and  sometimes  partly  calcified,  fibrous  tissue.  The  slowness 
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of  the  circulation  and  the  loss  of  functional  activity  in  the  affected  organ 
render  infection  readily  possible;  rarely,  this  may  be  pyogenic,  and 
leave  a cavity.  Tuberculosis  as  a cause  and  tuberculosis  as  a sequence 
— an  infection  of  a point  of  least  resistance,  as  this  truly  is — occurs 
in  no  small  number  of  cases;  the  relation  of  the  tuberculous  process 
to  the  interstitial  change  can  usually  be  inferred  by  the  location  and 
character  of  the  lesion.  The  cases  of  tuberculous  origin  frequently  show 
an  apical  cavity  and  some  evidence  of  infection  in  the  opposite  lung. 

Morbid  Histology. — This  has  been  partly  considered  in  the  preced- 
ing remarks  and  varies  as  does  the  gross  anatomy.  In  the  less  marked 
cases  fibrous  tissue  in  varying  stages  of  development  may  be  found  in 
the  vesicular  walls  and  around  the  bronchi;  in  the  advanced  cases — 
those  last  considered — the  bands  of  fibrous  tissue  have  compressed  and 
obliterated  the  pulmonary  vesicles,  and  converted  the  areas  involved 
into  irregularly  outlined  masses  of  cicatricial  tissue.  A varying  amount 
of  catarrhal  inflammation  may  be  evident  in  any  persisting  vesicular 
structure  or  changes  indicative  of  a past  catarrhal  process  may  remain. 
Evidence  of  tuberculosis  can  often  be  demonstrated  microscopically 
when  the  grosser  lesions  are  lacking. 

Termination. — Under  the  most  favorable  circumstances,  in  non- 
tuberculous  cases,  arrest  of  the  process  is  all  that  can  be  expected.  This 
is  dependent  upon  the  possible  removal  of  the  cause.  In  a vast  major- 
ity of  cases  tuberculosis  is  the  last  and  fatal  stage;  Auld  reports  an 
instance  in  which  tuberculosis,  beginning  in  an  unresolved  pneumonia, 
became  arrested.  The  limited  fibroid  change — local  interstitial  pneu- 
monia— around  a point  of  tuberculous  infection  may  be  beneficent  in 
that  it  is  possible  by  this  means  to  limit  the  dissemination  of  a localized 
tuberculosis,  and  the  increase  of  connective  tissue  with  calcareous  in- 
filtration, as  so  often  occurs,  is  no  doubt  the  local  reaction  to  an  infec- 
tion by  which  contiguous  and  general  extension  is  prevented. 

Pulmonary  tuberculosis,1  tuberculosis  of  the  lung,  and  tuberculous 
phthisis  are  names  applied  to  the  pulmonary  manifestations  of  infec- 
tion by  the  tubercle  bacillus.  The  entrance  of  the  tubercle  bacillus 
into  the  pulmonary  parenchyma  may  be  manifested  in  a number  of 
ways,  depending  upon  the  resistance  of  the  individual,  the  virulence 
of  the  infecting  organism,  and  the  route  of  the  infection,  as  well  as  upon 
the  extent  of  bacterial  distribution  in  the  pulmonary  tissue.  It  is,  of 
course,  in  all  its  forms  due  to  the  tubercle  bacillus.2  The  organism 
may  reach  the  lung  through  at  least  three  important  avenues:  (1)  bronchi, 
(2)  lymphatics,  (3)  blood-vessels,  and  possibly  by  direct  invasion  from 
adjacent  tissues. 

Aerogenous  or  pneumatogenous  infection  occurs  through  the  inhala- 
tion of  tubercle  bacilli.  It  is  probable  that  when  the  bacilli  are  de- 
posited within  the  larger  bronchioles,  invasion  of  the  peribronchial 
tissue  is  less  likely  to  occur;  and  that  when  the  organisms  escape  ex- 
trusion by  the  activity  of  the  ciliated  epithelium  and  by  expectora- 
tion, they  may  pass  through  denuded  areas  in  the  bronchial  wall,  reach- 

1 Comet,  Nothnagel’s  Encyclop.  of  Prac.  Med.,  American  ed.,  1904.  von  Behr- 
ing, Beitr.  z.  Experimentellen  Therapie,  Heft.  2,  Berlin,  1906.  Sabourin,  Les  Em- 
bolies  Bronchiques  Tuberculeuses,  Paris,  1906.  Bonney,  Pulmonary  Tuberculosis 
and  Its  Complications,  1908.  Kidd,  Bullock  and  Bardswell,  System  of  Medicine, 
Allbutt  and  Rolleston,  1909. 

2 See  p.  1 17;  also  Morbid  Anatomy  of  Tuberculosis,  p.  124. 
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ing  the  peribronchial  tissue,  and  eventually  a lymphatic  node,  in  which 
they  give  rise  to  tuberculosis.  In  other  instances  a primary  tubercu- 
lous lesion  is  produced  in  the  larynx,  trachea,  or  larger  bronchi,  and  from 
these  structures  invasion  of  the  lymph-nodes  or  pulmonary  parenchyma 
may  occur. 

From  a primary  tuberculous  focus  in  the  larynx,  trachea,  or  larger 
bronchi,  or  from  a tuberculous  area  in  the  lung,  infected  material  may 
be  aspirated  into  the  smaller  bronchi,  or  even  into  the  vesicular  structure. 
It  is  probably  more  common  for  the  organism  to  reach  the  finer  rami- 
fications of  the  bronchioles  when  inhaled  in  the  form  of  a fine  dust. 
Watanabe  and  others  have  shown  that  no  matter  how  the  bacillus  reaches 

the  vesicular  structure  or  the  smaller 
bronchioles,  a catarrhal  inflammation 
results.  At  first  this  inflammation 
partakes  of  the  character  of  an  ordin- 
ary catarrhal  process  associated  with 
desquamation  of  the  epithelium  and 
with  accumulation  of  catarrhal  prod- 
ucts in  the  vesicle,  infundibulum,  and 
smaller  bronchiole.  Within  this  in- 
flammatory collection,  growth  of  the 
tubercle  bacilli  is  favored;  instead  of 
the  catarrhal  accumulation  undergoing 
the  usual  softening  and  expulsion, 
caseation  results,  due  to  the  specific 
action  of  the  product  of  the  tubercle 
bacillus.  The  progress  that  the  change 
makes  must  depend  largely  upon  the 
virulence  of  the  organism  and  upon 
the  susceptibility  of  the  individual. 
It  is  probable  that,  with  a high  degree  of  immunity,  the  bacillus  may  at 
once  be  destroyed,  and  that  the  bacterial  invasion  of  the  vesicular  wall 
may  be  arrested  by  the  protective  forces  of  the  tissues. 

When  infection  through  the  bronchi  occurs,  as  just  indicated,  it  is 
not  necessary  to  presuppose  any  antecedent  lesion.  In  a small  percentage 
of  cases,  however,  a bronchopneumonia,  not  of  tuberculous  origin,  is 
infected  by  the  tubercle  bacillus.  The  result  is  essentially  the  same 
as  though  the  lesion  had  been  tuberculous  from  the  start.  Under 
favorable  circumstances  the  inflammation  is  restricted  to  a small  area  of 
pulmonary  tissue.  The  solidified  nodule,  commonly  small,  undergoes  casea- 
tion and  encapsulation  by  a wall  of  fibrous  tissue,  into  which  lime  salts 
may  be  infiltrated.  This  constitutes  the  so-called  quiescent,  “healed-in,” 
or  cretaceous  tubercle,  and  is  what  the  older  writers  spoke  of  as 
chronic  or  caseous  catarrhal  pneumonia.  With  less  evident  resistance, 
or  with  more  virulent  infection,  involvement  of  the  bronchioles  and 
of  adjacent  vesicular  structures  occurs.  This  is  commonly  preceded  by 
leukocytic  invasion  and  proliferative  change,  which  later  terminate  in 
necrosis  and  caseation.  The  process  more  or  less  rapidly  involves  the 
whole  of  the  lobule  in  which  the  original  infection  occurred.  When  a 
lobule  or  part  of  a lobule  has  been  infected,  the  area  may  be  enlarged 
by  the  coalescence  of  adjacent  lobules  simultaneously  involved,  or  it  may 
extend  from  one  lobule  to  another. 

The  gross  lesion  resulting  from  such  infection  must  vary.  As  a 


Fig.  294. — -Tuberculous  Pneumonia.  The 
Desquamative  Lesion  Within  the  Air- 
vesicles,  Which  Occurs  Near  to  and 
Around  Tubercles  in  the  Lung,  or  Re- 
sults from  the  Deposit  of  the  Tubercle 
Bacillus  in  the  Air-vesicles.  ( Schniaus .) 
X 250  diameters. 

a,  a.  Exudate  undergoing  degenerative  changes 
(caseation)  in  the  air- vesicle,  b.  Round  cells 
in  same.  c.  Desquamating  cells.  The  inter- 
vesicular  walls  are  thickened. 
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rule,  in  adults  the  structural  change  involves  to  a greater  extent,  and  is 
most  conspicuous  in,  the  apex,  although  the  lower  lobes  may  also  suffer. 
The  point  in  the  apex  usually  affected  is  from  2 cm.  to  5 cm.  be- 
low the  superior  border.  Of  the  many  explanations  that  have  been 
advanced  for  the  well-known  frequency  with  which  the  apex  is  attacked, 
none  is  fully  satisfactory.  It  is  probable  that  the  more  active  circulation 
and  freer  movement  of  the  lower  part  of  the  lung  may  better  enable  the 
organ  to  expel  the  infectious  material,  and,  by  reason  of  its  abundant  blood 
supply,  to  resist  infection.  The  lessened  pulmonary  movement  at  the 
apex  offers  better  opportunities  for  the  deposit  of  infectious  material  on 
the  bronchial  surfaces.  Aufrecht  and,  more  recently,  AVassermann  have 


Fig.  295. — Lung,  Chronic  Caseous  and  Ulcerating  Tuberculosis  of  the  Apex;  Tuberculous  Bron- 
chitis, and  a Miliary  Tuberculosis. 


suggested  that  the  frequent  involvement  of  the  apices  is  due  to  the 
entrance  of  bacilli  by  way  of  the  tonsils,  pharynx,  cervical  lymph-nodes, 
and  pleura.  Aufrecht  believes  that  the  peribronchial  nodes  are  infected 
from  the  cervical  chain  and  that  in  this  way  the  lung  is  reached.  It  is 
well  known  that  even  in  minor  lesions  of  the  apex  adhesions  to  the  vault 
of  the  pleura  are  frequently  present,  and  Wassermann  construes  this  to 
be  an  evidence  of  direct  infection  of  the  lung  from  the  cervical  lymphatics. 
In  adults  involvement  of  the  lower  lobes  is  usually  indicative  of  a primary 
lesion  higher  in  the  lung,  from  which  the  infected  material  has  been 
aspirated  into  the  more  dependent  portions. 

In  many  instances  of  pneumatogenous  tuberculosis  the  process  re- 
mains local,  with  the  development  of  fibrous  tissue  in  the  surrounding  struc- 
40 
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tures,  to  which  reference  has  already  been  made.  In  other  cases  the  initial 
infection  must  have  involved  a number  of  areas  in  the  pulmonary  tissue, 
or  a primary  infection  may  have  been  followed  by  extension  to  adjacent 
lobules.  These  recognized  differences  possibly  justify  the  terms  (1) 
localized,  restricted,  or  chronic  pneumatogenous  or  bronchogenic  tuber- 
culosis; and  (2)  disseminated,  bronchogenic,  tuberculous  ■ pneumonia . 
The  symptomatology  of  the  conditions  is  vastly  different,  largely  because 
of  the  greater  amount  of  pulmonary  tissue  involved  in  the  last-named 
process,  but  pathologically  there  is  little  difference  except  that  due  to 
the  fact  that  the  sudden  appearance  of  a multitude  of  lesions  must  be 
taken  as  an  evidence  of  multiple,  often  massive  infections  or  of  weak 
resistance,  and  as  these  must  of  necessity  further  lessen  the  protective 
powers,  the  disease  not  uncommonly  runs  a rapid  course. 

With  the  inception  of  the  initial  lesion  of  tuberculosis  in  the  pul- 
monary tissue — if  Wassermann’s  views  are  correct,  the  primary  infection 
being  lymphatic — extension  to  adjacent  intervesicular  and  interlobular 
structures  occurs  by  means  of  the  lymph  paths,  constituting  a form 
of  lymphogenous  or  lymphogenic  tuberculosis.  Thus,  in  many  areas  of 
purely  bronchogenic  tuberculosis  of  the  kind  described  in  the  foregoing 
paragraphs,  it  is  quite  easy  to  recognize  that  the  extension  is  taking  place 
by  means  of  the  adjacent  lymphatics.  This  view  is  further  supported 
by  the  fact  that  the  lymph  paths  through  the  pulmonary  tissue  are 
followed,  and  that,  either  primarily  or  secondarily,  the  lymph-nodes 
are  eventually  affected.  Involvement  of  a lymph-node  lying  close  to  a 
blood-vessel — pulmonary  artery,  or  vein — may  be  followed  by  extension 
into  the  vessel-wall,  which  later  becomes  caseous.  In  the  vessel  may 
be  formed  a thrombus  in  which  caseation  occurs,  followed  by  the  escape 
of  infectious  material  into  the  blood  stream.  If  the  blood-vessel  in- 
volved be  small,  and  the  blood  current  be  toward  the  periphery,  as 
would  be  the  case  in  the  branches  of  the  pulmonary  artery,  there  is 
brought  about  a circumscribed  hematogenous  miliary  tuberculosis.  In 
other  cases  the  infection  of  the  pulmonary  tissue  through  the  blood 
stream  is  more  uniform,  as  the  result  of  a wider  and  more  general  dis- 
tribution of  the  tubercle  bacilli  deposited  from  the  circulating  blood. 
In  the  circumscribed  hematogenous  tuberculosis  one  lung  or  a part  of 
a lung  may  be  involved,  while  in  the  general  or  diffuse  hematogenous 
(miliary)  tuberculosis  there  is  usually  a more  or  less  uniform  involve- 
ment of  both  lungs.  Although  it  is  the  general  belief  that  pulmonary 
tuberculosis  is  an  aerogenous  infection,  the  view  is  not  without  opposi- 
tion. Ribbert  and  Baumgarten  are  ardent  advocates  of  hematogenous 
infection,  and  the  latter  has  been  able  to  produce  strictly  localized 
pulmonary  tuberculosis  by  infecting  animals  through  the  urethral 
mucosa.  Aufrecht  also  inclines  to  the  hematogenous  origin  of  many 
cases.  Woodhead  strongly  insists  on  the  presence  of  some  primary 
focus,  usually  catarrhal,  on  which  the  tubercle  bacillus  is  engrafted. 
From  such  points  of  infection  local  dissemination  occurs  through  the 
lymphatics.  Abrikossoff  thinks  that  the  lesion  begins  as  a peribronchial 
tuberculous  lymphangitis  which  extends  along  the  wall  of  the  bronchus. 
As  a result  of  caseation  the  bronchial  wall  is  opened  and  the  caseous  ma- 
terial aspirated  into  other  parts  of  the  organ,  causing  areas  of  broncho- 
pneumonia which  progress  to  caseation.  In  the  completely  evolved 
tuberculosis  of  pulmonary  tissue,  bronchogenous,  lymphogenous,  and 
hematogenous  distribution  of  the  organism  may  often  be  implicated. 
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Morbid  Anatomy. — There  is  probably  no  other  well-known  affection 
of  the  lung  associated  with  more  diversity  in  the  gross  lesions,  and  yet 
due,  in  all  its  forms,  to  the  same  cause.  In  some  of  the  cases  it  may 


Fig.  296. — Lung  (Section).  Acute  Miliary  Tuberculosis  from  a Case  of  General  Miliary  Tuber- 
culosis. 

A.  Area  of  diffuse  interstitial  hemorrhage.  B.  Subpleural  tubercles  showing  through  the  thickened 
pleura.  C.  Thickened  pleura  partly  detached  from  lung. 


be  possible  to  formulate  an  opinion  as  to  the  method  by  which  infection 
occurred.  In  other  cases  this  is  quite  impossible.  Usually,  it  is  said  that, 
anatomically,  tuberculosis  of  the  lung  manifests  itself  in  three  forms: 
(1)  An  acute  miliary  tuberculosis,  also  called  acute  phthisis,  or  galloping 
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Fig.  297. — Tuberculosis  of  the  Lung. 

Tissue  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  with  hematoxylin  and  eosin,  and 
mounted  in  balsam : a.  Tubercle  with  advanced  caseation,  b and  c.  Tubercles  showing  less  advanced 

degenerative  changes.  In  the  upper  and  right  quadrant  of  b is  seen  a giant  cell.  d.  Three  air- 
vesicles  partly  filled  by  inflammatory  products,  tuberculous  pneumonia.  (1/4-inch  objective,  i-inch 
ocular.) 

monia  and,  both  clinically  and  pathologically,  the  organs  may  closely 
resemble  each  other.  If  the  process  has  existed  for  even  a compara- 
tively short  time,  the  miliary  tubercles  become  sufficiently  large  to  be 
readily  recognized,  and,  of  course,  as  soon  as  this  occurs  the  anatomic 
diagnosis  is  easily  made.  The  lung  is  more  voluminous  than  normal,  and 
does  not  collapse  with  its  wonted  readiness.  The  pleura  is  frequently 
the  seat  of  an  old  inflammation,  and  not  uncommonly  shows  uniform 
adhesion  between  the  visceral  and  parietal  layers.  Small  tubercles 
may  be  seen  in  the  pleura  or  just  beneath,  or  what  is  more  common,  the)7' 


consumption;  (2)  chronic  ulcerating  or  caseous  tuberculosis;  (3)  fibroid 
phthisis. 

The  morbid  anatomy  of  acute  miliary  tuberculosis  of  the  lung  must 
depend  upon  the  extent  and  duration  of  the  tuberculous  process;  organs 
in  which  there  has  been  a wide-spread  distribution  of  a large  number 
of  tubercles  do  not  manifest  the  same  changes  as  those  in  which  the 
eruption  involves  a more  restricted  area  and  gives  rise  to  fewer  tubercles. 
Sometimes  the  large  number  of  tubercles,  with  the  associated  prolifera- 
tive changes,  may  almost  as  fully  solidify  a lung  as  does  croupousjpneu- 

a 


ORGANS  OF  RESPIRATION. 


629 


are  palpable.  On  incision,  the  lung  usually  cuts  with  more  resistance 
than  normal.  The  amount  of  moisture  is  dependent  upon  the  { 

of  an  associated  edema,  intense  congestion,  or  hyperemia.  The  recogn 
able  tubercles  are  usually  paler  than  the  surrounding  lung  tissue,  an 

white,  grayish-white,  or  yellow  in  color.1 

With  the  acute  lesion,  evidences  of  older  tuberculosis,  such  as  healed 
areas,  areas  of  caseation  and  fibrosis,  or  fully  formed  cavities,  ma> 
be  present.  It  may  be  possible  to  demonstrate  the  primary  nodule 
from  which  infection  has  occurred,  although  m the  large  majority  of 
cases  the  demonstration  will  be  unsatisfactory,  and  is  seldom  conclusive 
An  examination  of  the  lung  during  the  period  in  which  the  tubercles 
are  forming,  or  when  they  are  fully  formed,  will  result  m the  recog- 
nition of  histologic  changes  such  as  are  shown  m figure  47.  P;aSe  I2°- 
(See  also  Fig.  298.)  In  acute  cases  there  is  usually  considerable  catar- 
rhal pneumonia  or  intravesicular  exudate,  and  sometimes  this  may  be 
fibrinous,  further  explaining  the  gross  resemblance  of  the  lesion  to  croup- 
ous pneumonia.  . TT7  . ^ 

Morbid  Anatomy  of  the  Chronic  Ulcerating,  Ulcerative,  or  Caseous 

Tuberculosis  of  the  Lung.— This  is  a type  of  the  disease  that  usually 
follows  aerogenous  infection.  The  structural  changes  are  common!) 
situated  in  the  apex,  although  other  parts  of  the  lung  may  be  involved. 
The  lesion  consists  for  the  most  part  of  caseous  areas,  varying  m size 
from  purely  microscopic  bodies  (miliary  tubercles)  to  cavities  rom 
p cm.  to  10  cm.  in  diameter,  or  much  larger,  lhe  ca\it\  tor 
mation  is  brought  about  by  caseation  and  confluence  of  a large  num- 
ber of  tubercles,  with  an  associated  bronchopneumonia,  which  itself 
becomes  caseous,  and  is,  of  course,  due  to  the  tuberculous  infection 
of  the  pulmonary  tissue.  As  these  areas  of  caseation  are  increased  m 
size  by  peripheral  extension  and  coalescence,  obliterative  changes  take 
place  in  the  blood-vessels,  the  vesicular  walls  and  fibrous  septa  disappear 
before  the  extending  necrosis,  the  pulmonary  tissue  itself  becomes 
caseous,  and  eventually  the  necrotic  collection  ruptures  into  a bronchus 
With  evacuation  of  the  caseous  contents  a cavity  is  formed.  lhe  wall 
of  such  a cavity  is  composed  of  necrotic  and  caseating  pulmonary  tissue 
containing  tubercles  in  various  stages  of  caseation,  and  the  inflammatory 
products  that  usually  accompany  infection  by  the  tubercle  bacillus. 
External  to  the  caseous  layer  is  a wall  of  granulation  tissue  composed 
largely  of  lymphoid  cells,  and  usually  containing  easily  recognizable  tuber- 
cles. " Outside  of  the  zone  of  granulation  tissue  is  a variable  amount  of 
fibrous  tissue.  In  chronic  cases  cavities  of  long  duration  are  sometimes 
surrounded  by  a fibrous  membrane  the  inner  surface  of  which  may  be 
smooth  or  granular,  usually  the  latter.  Such  excavations  resemble 
dilated  bronchi,  and  the  two  may  be  present  in  the  same  organ.  . e 
points  assisting  in  differentiating  the  two  cavities  have  been  mentioned 

on  p.  585.  _ . - 

The  most  disastrous  changes  in  pulmonary  tuberculosis  result  from 

secondary  infection  by  pyogenic  organisms.  Ophuls  found  that  in  twenty 
of  thirty-nine  cases  of  pulmonary  tuberculosis,  acute  mixed  infection, 
or  sepsis,  seemed  to  be  the  immediate  cause  of  death.  He  has  not  been 
able  to  corroborate  the  observations  of  those  who  maintain  that  the 
softening  observed  in  tuberculous  lesions  is  invariably  due  to  mixed 
infection.  Comparative  pathology  shows  that  in  the  lower  animals, 
1 See  Tuberculosis,  p.  1 1 7 ; also  Morbid  Anatomy  of  Tuberculosis,  p.  124. 
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particularly  cattle,  rapid  and  extensive  necrosis  is  usually  due  to  con- 
current pyococcic  invasion  of  the  tuberculous  tissue.  In  such  cases 
and  in  man  the  bacteria  accompanying  the  tubercle  bacillus  in  the 
lesions  are  the  ordinary  pyogenic  cocci,  the  pneumococcus,  tetracoccus, 
colon  bacillus,  and  occasionally  other  microbes,  all  of  which  may  not 


Fig.  298. — Lung,  Chronic  Ulcerative  Tuberculosis  of  Upper  Lobe;  Acute  Miliary  Tuberculosis 
as  a Terminal  Lesion  Involving  the  Entire  Organ;  Slight  Interstitial  (Fibroid)  Pneumonia; 
Chronic  Tuberculous  Peribronchitis;  Bronchiectasis;  Acute  Pseudomembranous  Bronchitis; 
Chronic  Fibrohyalopleuritis. 

A,  A.  Cavities.  B,  B.  Dilated  bronchi.  C . Miliary  tubercles,  many  of  which  are  conspicuous,  especially 
in  the  lower  lobe.  D.  Area  of  hemorrhage.  E.  Two  bronchi  containing  casts.  F.  Bronchus,  the 
wall  of  which  is  greatly  thickened  by  a tuberculous  peribronchitis. 


be  pyogenic.  Whether  or  not  such  organisms  find  ready  access  to  the 
caseous  area  before  its  rupture  into  a bronchus,  their  introduction  is 
assured  at  this  time,  and  hence  there  are  added  to  the  tuberculous  proc- 
ess, properly  so  called,  active  pyogenesis  and  the  absorption  of  the 
products  of  pyogenic  bacteria.  The  progressive  extension  of  case- 
ous tuberculosis  is  favored  by  the  occurrence  of  mixed  infection.  Ne- 
crotic changes  in  the  contiguous  tissue  and  involvement  of  the  adja- 
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cent  lymphatics  may  progress  slowly.  In  other  instances  there  is  a 
more  rapid  extension,  and,  after  a comparatively  short  period  of  cavity 
formation,  invasion  of  a blood-vessel  or  prominent  lymph  canal  occurs, 
or  the  process  extends  to  other  parts  of  the  lung,  and  leads  to  the  rapid 

dissemination  of  infection  and  to  death.  . 

Morbid  Anatomy  of  Fibroid  Phthisis. — The  term  fibroid  phthisis  is 
applied  to  tuberculous  processes  involving  a lung  where  the  tendency 
is  toward  fibrosis,  restriction,  limitation,  and  healing-m,  and  where 


Fig.  299. — Lung,  Chronic  Ulcerative  Tuberculosis. 

Upper  three-fourths  of  lung  taken  up  by  three  cavities  with  notable  increase  in  the  interstitial  tissues 
surrounding  the  cavities.  (Landis,  Fifth  Ann.  Rep . of  b hipps  Inst.) 


necrosis,  degeneration,  and  extension  are  limited  by  the  protective 
powers  of  the  tissues  or  are  rendered  less  extensive  by  reason  of  reduced 
virulence  of  the  infecting  organism.  In  typical  cases  a comparatively 
small  area  of  the  lung  is  involved.  In  the  purely  tuberculous  lesion 
a large  portion  of  the  organ  may  show  the  changes  of  fibroid  pneumonia, 
and  contain  only  a small  amount  of  caseous  tissue.  In  other  cases  the 
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evidence  of  tuberculosis,  at  present  active  or  quiescent,  may  be  ir- 
regularly distributed  through  a large  part  of  the  pulmonary  tissue. 
In  typical  cases  the  evidence  indicates  that  tuberculosis  is  being  limited 
or  restricted  by  fibroid  and  calcareous  changes;  in  other  words,  that 
healing-in  is  progressing.  In  patients  dying  from  other  causes  small 
areas  are  not  infrequently  found  in  which  the  tuberculous  process  has 
been  fully  restricted  or  walled  off  by  masses  of  fibrous  tissue,  or  limited 
by  calcareous  infiltration.  (See  Quiescent  Tuberculosis,  p.  126.) 

Mixed  Forms  of  Pulmonary  Tuberculosis. — In  a large  percentage  of 
the  cases  of  tuberculosis  of  the  lung,  as  observed  postmortem,  the  disease 


a 


Fig.  300. — Wall  of  a Tuberculous  Cavity.  ( Schmaus .)  X ioo  diameters. 
c.  Cavity,  c',  c".  Smaller  cavities  that  will,  eventually,  as  the  result  of  caseation  and  liquefaction  of  the 
intervening  tissue,  blend  with  the  larger  cavity,  b,  b.  Remains  of  bronchi,  t,  t.  Tubercles  under- 
going softening,  k.  Caseous  wall.  g.  Blood-vessel. 

is  manifested  by  mixed  lesions,  due  to  the  presence  of  more  than  one 
form  of  tuberculosis,  as  described  in  the  foregoing  pages.  There  is  not 
infrequently  a distinct  area  in  which  the  lesion  is  old  and  cretaceous. 
Around  this,  at  times  some  distance  from  it,  can  be  recognized  a more 
recent  and  active  tuberculosis,  with  cavity  formation,  and  corresponding 
to  the  anatomic  subdivision — chronic  caseous  or  ulcerative  tuberculosis. 
Still  other  parts  of  the  lung  may  show  the  changes  of  a typic  acute  miliary 
tuberculosis. 

Tuberculosis  of  the  lung  in  all  its  forms  is  practically  always  as- 
sociated with  some  lesion  of  the  overlying  pleura,  which  may  be  a frank, 
acute  pleuritis1  or  chronic  sclerotic  change.  Frequently  the  cavity  of 

1 See  Inflammations  of  the  Serous  Membranes,  p.  455. 
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the  pleura  has  been  obliterated  by  universal  adhesions  and  often  the 
serosa  is  enormously  thickened  (chronic  hyperplastic  hyaloserositis). 

Syphilis  of  the  lung1  occurs  in  both  the  congenital  and  acquired  forms 
of  the  disease.  In  the  former  a condition  known  as  white  hepatization 
is  occasionally  seen;  proliferation  of  the  cells  that  line  the  fetal  ves- 
icles and  of  the  connective  tissue  of  the  septa  leads  to  the  obliteration 
of  the  air-spaces,  and  when,  at  birth,  the  inspired  aii  enters  the  lung, 
none  gains  ingress  to  the  affected  area;  the  only  circulation  to  this  part 
is  that  for  supplying  nourishment;  hence,  the  area  is  pale,  anemic,  and  is 
said  to  show  white  hepatization , the  paleness  contrasting  with  the  sur- 
rounding hyperemic  area.  Another  manifestation  of  transmitted  s}  philis 
is  the  ordinary  gumma.  This  may  be  found  in  any  part  of  the  lung, 
but  is  usually  near  the  larger  bronchi  at  the  hilum.  The  gummata  are 
for  the  most  "part  small,  but  they  may  attain  diameters  of  from  2 to  6 cm. 
Gummata  of  the  lung  in  congenital  syphilis  are  of  infrequent  occuirence, 
but  when  fully  developed,  they  do  not  differ  essentially  from  those  iound 
in  the  acquired  disease. 

In  acquired  syphilis  gummata  are  more  frequent;  the  situation  is 
usually  at  the  root  of  the  lung,  but  they  may  be  anywhere.  They  are 
gray  or  grayish-yellow,  not  uncommonly  caseous,  and  surrounded  by  a 
fibrous  capsule,  which,  if  recent,  is  translucent;  if  older,  is  firm,  truly 
fibroid,  and  dense.  Like  all  the  infective  granulation  tumors,  these  begin 
in  the  alveolar  walls  or  in  the  walls  of  the  bronchi,  beneath  tlm  basement 
membrane ; after  the  aggregation  of  cellular  elements  hyaline  degeneration 
and  necrosis  ensue,  and  eventually  caseation  completes  the  process,  and 
evacuation  into  a bronchus  commonly  follows. 

Occasionally,  an  interstitial  pneumonia  accompanies  the  formation 
of  the  gumma,  and  Virchow  believed  that  a purely  syphilitic  process 
may  begin  as  an  interstitial  inflammation  at  the  root  of  the  lung  and  ex- 
tend along  the  course  of  the  interlobar  and  the  interlobular  septa,  par- 
ticularly the  latter.  When  marked,  it  may  be  attended  by  bronchi- 
ectasis and  all  the  usual  phenomena  of  interstitial  pneumonia.  In  man} 
cases  of  acquired  pulmonary  syphilis  a catarrhal  inflammation  involving 
the  bronchi  and  vesicles  accompanies  the  interstitial  fibroid  hyperplasia 
or  the  formation  of  gummata.  The  clinical  and  even  the  anatomic  changes 
may  resemble  tuberculosis  so  closely  that  nothing  short  of  demonstrating 
the  tubercle  bacillus  can  enable  the  observer  to  identify  the  process.  As 
syphilitics  may  become  tuberculous  and  patients  with  tuberculosis  may 
acquire  syphilis,  the  affections  may  be  concurrent  in  the  lung. 

Leprosy  of  the  lung  may  occur  as  a distinctly  miliary  process,  the 
leprous  nodules  so  closely  resembling  those  of  tuberculosis  that  many 
claim  the  determining  factor  is  a tuberculous  infection  of  a leprous  in- 
dividual; the  almost  utter  impossibility  of  differentiating  the  lesions 
has  led  a few  to  believe  that  leprosy  was  but  a form  of  tuberculosis ; evi- 
dence confirmatory  of  this  view  is  not  in  the  least  conclusive,  and  for 
the  present  there  seems  to  be  no  reason  for  believing  that  the  two  diseases 
are  in  any  way  related. 

1 Flockemann,  Centralbl.  f.  Path.  u.  path.  Anat.,  1899,  Bd.  x,  p.  449-  Noth- 
nagel’s  Encyclopedia  of  Practical  Medicine,  American  edition,  article  on  Syphilitic 
Pneumonia, Vol.  on  Diseases  of  the  Bronchi,  Pleura,  and  Lungs,  1903,  p.  643.  Win- 
field, Med.  News,  Aug.  30,  1902,  p.  4°5-  Hansemann,  Centralbl.  f.  med.  Wiss.,  July 
5,  1902.  Berg,  Med.  Record,  Dec.  13,  1902^.926.  Remsen,  Bull,  of  Johns  Hopkins 
Hosp.,  Oct.,  1903,  p.  280.  Willson,  Med.  News,  Feb.  25,  1905,  p.  351. 
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Glanders  of  the  lung1  may  arise  as  the  result  of  aspiration  of  the 
bacilli  from  lesions  in  the  upper  passage,  or,  as  in  acute  glanders,  the  in- 
fection may  occur  by  the  blood  stream.  Once  localized  in  the  lung 
tissue,  whether  interstitial  or  intravesicular,  a more  or  less  severe  bron- 
chopneumonia is  brought  about,  and  frequently  this  proves  fatal.  When 
time  is  afforded,  the  typical  glanders  nodules  develop.  These  lie,  as  a 
rule,  immediately  under  the  pleura,  and  present  somewhat  different 
aspects  at  different  stages  of  their  development.  At  first  they  are  gray, 
slightly  translucent,  and  much  softer  than  tubercles;  later  they  become 
somewhat  denser,  and  a hyaline  change  occurs  in  the  center,  the  process 
eventually  terminating  in  a caseous-like,  encapsulated  mass,  especially 
if  the  lesion  be  restricted  to  one  or  two  points  of  infection  in  an  animal 
not  very  susceptible  to  the  disease.  In  the  horse,  in  which  animal  suscepti- 
bility is  marked,  and  occasionally  in  man,  the  condition  terminates  in  a 
suppurative  pneumonia  by  pyogenic  infection  of  the  glanders  nodules. 

Actinomycosis  of  the  lung2  results,  in  most  cases,  from  infected  material 
reaching  the  involved  part  through  the  air-passages;  a bronchial  inflamma- 
tion accompanies  the  fungus  down  into  the  lobules,  where  a so-called 
miliary  bronchopneumonia  ensues;  the  number  of  these  areas  is  dependent 
upon  the  number  and  dissemination  of  the  fungi.  A mass  of  granulation 
tissue  develops  around  the  point  of  infection,  in  which  also  occur  character- 
istic groups  of  fungi.  Suppuration  and  not  uncommonly  cavity  formation 
ensue;  it  is  usually  conceded  that  the  ray  fungus  is  itself  pyogenic,  and  can, 
therefore,  induce  pus-formation  without  the  intervention  of  the  cocci  of 
suppuration.  When  the  actinomycotic  lesion  approaches  the  surface,  an 
adhesive  pleurisy  usually  results,  and  progresses  to  obliteration  of  the 
cavity.  In  many  of  the  reported  cases  the  suppurative  process  penetrated 
the  chest-wall  and  the  diagnosis  was  made  by  finding  the  characteristic 
granules  in  the  discharge.  Mediastinal  actinomycosis  may  or  may  not 
accompany  the  pulmonary  form,  or  the  one  may  be  secondary  to  the 
other.  Occasionally,  actinomycotic  fibroid  changes  in  the  lung  and  “heal- 
ing-in” of  the  infected  area  occur.  In  such  cases  the  masses  found  post- 
mortem are  surrounded  by  a dense  fibrous  and  calcareous  capsule.  The 
diagnosis  of  actinomycosis,  both  clinical  and  pathologic,  is  dependent 
upon  finding  the  fungus  in  the  sputum  during  life  or  in  the  masses  post- 
mortem. Forms  of  actinomycotic  bronchitis  and  peribronchitis  have 
been  described. 

Tumors  of  the  lungs3  are  rarely  primary:  usually  they  are  due  to 
metastasis  from  other  organs  or  by  invasion  from  adjacent  structures. 
According  to  Adler,  Wolff  observed  46  primary  tumors  of  the  lung  in 
20,160  autopsies.  Adler  collated  330  cases  of  lung  tumor;  21 1 were 
cancers,  22  sarcomata,  and  24  endotheliomata;  10  were  mixed  tumors 
and  the  remainder  unclassified.  Occasionally  the  presence  of  pulmon- 

1 MacCallum,  Ziegler’s  Beitr.,  1902,  Bd.  xxxi,  p.  440.  See  also  Glanders,  p.  138. 

2 Spijariny,  abstract  in  Med.  Record,  April  u,  1903,  p.  576.  Webber,  Brit.  Med. 
Jour.,  May  9,  1903,  p.  1084.  See  also  Pulmonary  Streptothricosis,  Warthin  and 
Olney,  Amer.  Jour.  Med.  Sci.,  Oct.,  1904,  p.  637.  Maass,  Annals  of  Surgery,  Aug., 
1903,  p.  292.  Also  consult  Actinomycosis,  p.  145.  Opokin,  Arch.  f.  klin.  Chir., 
lxxxviii,  No.  2,  1909. 

3 Pollack,  Virchows  Arch.,  1901  Bd.,clxxv,  p.  1 29.  Adler,  Carpenter  Lecture,  N.  Y. 
Acad.  Medicine,  Oct.  20,  1904.  Broc.  C.  R.  de  Soc.  Anat.,  Jan.  27,  1905.  Packard, 
Med.  News,  Feb.  18,  1905,  p.  303.  Garbat,  Amer.  Jour.  Med.  Sci.,  June,  1909. 
Oerstrom,  Upsala  Lakareforenings  Forhandlingar,  xiv,  1909.  Boecker,  Virch. 
Arch.,  Bd.  ccii,  H.  x,  1910. 
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ary  neoplasms  may  be  diagnosed  by  the  examination  of  fragments  found 
in  the  expectoration ; in  discussing  Broc’s  case,  Cornil  referred  to  such  an  in- 
stance, and  Demorest  also  records  a case  in  which  the  diagnosis  was  made 
from  the  sputum.  Nonmalignant  epithelial  tumors  of  the  lung  are  ex- 
ceedingly rare,  although  adenomata  of  the  bronchial  glands  have  been 
described.  Embryonic  epithelial  neoplasms  are  not  correspondingly 
rare:  I have  seen  four  instances  within  the  last  few  years.  When  carcino- 
mata occur  in  the  lung,  as  the  result  of  the  rich  vascular  supply  and  the 
relatively  small  amount  of  connective  tissue,  the  neoplasm  is  usually 
encephaloid.  The  growth  may  be  circumscribed  and  manifest  itself 
as  a few  masses,  or  it  may  consist  of  one  gray  or  white  soft  nodule.  Each 
nodule  may  develop  as  a single  mass  without  very  marked  dissemination, 
but  more  commonly  extension  occurs  through  the  lymph-channels,  and 
results  in  disseminated  growths  throughout  the  lung  tissue.  The  local 
metastasis  gives  rise  to  nodules  similar  to  the  original,  which,  by  extension, 


Fig.  301. — Branch  of  Pulmonary  Artery  Containing  Sarcoma  Cells  from  a Case  of  Wide-spread 
Dissemination  of  a Tumor  Primary  in  the  Subcutaneous  Tissue  of  the  I high. 

A.  Sarcoma  cells.  B.  Polymorphonuclear  leukocyte.  There  is  some  irregularity  in  the  size  and  shape 
of  the  red  cells  due  to  the  associated  secondary  anemia. 

coalesce  and  convert  nearly  all,  if  not  all,  the  lung  into  a cancerous  mass. 
Invasion  of  peribronchial  and  mediastinal  lymphatics  takes  place,  and  if 
not  fatal  by  this  time,  the  process  may  extend  to  the  opposite  organ. 

Primary  tumors  of  the  typic  connective-tissue  series  are  less  frequent ; 
Bocage  collected  twenty-nine  cases.  Fibroma,  chondroma,  osteoma, 
and  mixed  forms  of  these,  with,  rarely,  a small  quantity  of  lipomatous 
tissue,  have  been  described.  They  are  commonly  multiple;  usually, 
a number  are  to  be  found  disseminated  throughout  one  or  both  lungs. 

Atypic  connective-tissue  neoplasms  ( sarcomata ) are  infrequent  pri- 
mary tumors  of  the  lung.  The  form  of  sarcoma  known  as  endothelioma, 
arising  in  or  from  the  lymphatics  of  the  lung  or  pleura,  is  the  most  common. 
Like  the  cancers,  such  tumors  usually  form  single  large  masses,  but  may 
extend  to  the  lymph-nodes  and  mediastinal  tissues.  As  a rule,  primary 
sarcoma  is  restricted  to  one  lung. 

Secondary  tumors  of  the  lung  may  be  due  to  lymphogenous  or  hema- 
togenous metastasis ; even  the  instances  of  apparently  direct  invasion  are 
not  truly  so.  The  atypic  epithelial  tumors — the  cancers — invade  the  lung, 
as  secondary  growths,  in  a very  small  percentage  of  the  cases  of  car- 
cinoma elsewhere.  The  epitheliomata  rarely,  if  ever,  the  scirrhus  more 
commonly,  and  the  encephaloid  most  frequently,  occur  as  secondary 
growths  in  the  lung.  The  cancers,  spreading  by  the  lymphatics,  usually 
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involve  those  structures  in  the  lung  first,  and  manifest  dissemination 
along  the  course  of  the  lymph-channels.  Reaching  the  pleura  by  the 
lymphatic  system,  dissemination  may  occur  along  the  course  of  the  in- 
terlobular lymph-vessels,  in  which  will  be  seen  the  grayish  cancerous 
lines  traversing  the  connective-tissue  septa,  and  even  extending  to  the 
peribronchial  lymph-nodes. 

Carcinoma  occasionally  reaches  the  lung  by  the  blood,  and  the  fre- 
quency with  which  this  is  associated  with  an  initial  focus  in  the  digestive 
organs,  more  especially  that  part  of  the  alimentary  canal  that  communi- 
cates with  the  chyle  duct,  apparently  explains  this  form  of  dissemination; 
in  reality,  the  cancer  cells  have  reached  the  blood  by  admission  to  the 


The  larger,  distinctly  elevated  masses  are  the  oldest;  similar  smaller  nodules  are  more  recent,  while  the 
youngest  growths  are  shown  as  minute  (miliary)  grayish-white  or  white  subserous  dotlets.  The 
specimen  is  a part  only  of  the  lower  lobe;  reproduction  natural  size.  The  incised  surface  of  the 
same  specimen  is  shown  in  Fig.  303. 


venous  circulation  through  lymph-channels  arising  in  the  abdominal 
cavity.  When  a cancerous  embolus  lodges  in  the  lung,  the  growth  im- 
mediately proceeds  in  the  usual  way;  as  these  emboli  are  commonly  multi- 
ple and  are  fairly  abundant,  both  lungs  are  likely  to  be  involved,  and 
many  small  tumors  occur  more  frequently  than  a single  large  one.  There 
can  be  found,  of  course,  no  regularity  in  their  location,  and,  once  lodged, 
they  follow  the  same  processes  of  growth  and  local  dissemination  that 
have  already  been  indicated;  the  encephaloid  is  the  carcinoma  most 
frequently  reaching  the  lung  by  metastasis;  encephaloid  cancers  that 
have  undergone  colloid  or  mucoid  change  are  especially  liable  to  such  dis- 
semination. Scirrhus  rarely  involves  the  lung. 

Of  the  secondary  tumors  belonging  to  the  typic  connective-tissue 
series,  there  are  fourteen  recorded  instances  in  which  chondromata  and 
osteomata  have  reached  the  lung.  By  hematogenous  dissemination  the 
sarcomata  are  the  most  frequent  invaders  of  the  pulmonary  tissues. 
This  is  due  to  the  relation  which  the  cellular  elements  of  these  neoplasms 
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bear  to  the  blood  channels  which  they  contain.  The  small  round-cell 
varieties  are  most  commonly  noted,  although  any  form  of  sarcoma  may 
be  disseminated  by  the  blood.  As  to  the  seat  of  the  initial  growth,  it  is 
found  that  the  sarcomata  arising  in  bone,  and  especially  in  the  long  bones, 
are  the  most  frequent  as  secondary  growths  in  the  lung.  Melanotic 
sarcomata  are  also  prone  to  such  metastasis.  Unlike  cancers,  sarcomata 
situated  in  the  distribution  of  the  portal  vein,  rarely  reach  the  lung, 
but,  traveling  by  the  blood-vessels,  involve  the  liver. 

Parasites  in  the  lung  and  bronchi  are  not  of  frequent  occurrence.  Ref- 
erence has  already  been  made  to  the  Distoma  westermanii,  distoma 
pulmonale,  or  bronchial  fluke,  as  a cause  of  hemoptysis.  (See  p.  178.) 


Fig.  303. — Lung,  Incised  Surface  of  Part  of  One  Lobe,  Secondary  Sarcoma. 

The  serous  surface  is  shown  in  Fig.  302.  (Natural  size.) 

Ascaris  lumbricoides  occasionally  migrates  into  the  air-passages,  and 
may  cause  obstruction  with  fatal  results;  or,  reaching  the  bronchi,  may 
induce  gangrene,  etc.  It  is  not  uncommon  in  infested  bodies  to  find 
that  the  worm  has  entered  the  air-passages  postmortem. 

Hydatids 1 occur  in  the  lung;  they  may  be  central  or  subpleural. 
The  subpleural  form,  and  hydatids  of  the  pleura,  may  occur  together; 
in  either  case  effusion  into  the  pleura  is  usually  found,  and  not  uncom- 
monly empyema  results.  The  cysts  are  multiple  and  commonly  are  near 
the  base;  they  may  be  diaphragmatic.  When  in  the  lung,  the  compression 
resulting  from  their  growth  leads  to  conditions  favorable  to  infection,  and 
abscess  and  gangrene  sometimes  ensue.  Clinically  and  pathologically, 

1 Pel,  Berl.  klin.  Woch.,  Aug.  26,  1901.  Lendon,  Clinical  Lectures  on  Diseases  of 
the  Lung,  1902.  Quill,  Jour,  of  Royal  Army  Med.  Corps,  April,  1904.  Symmers, 
Lancet,  Jan.  7,  1905,  p.  22. 
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a positive  diagnosis  is  dependent  upon  finding  the  hooklets  in  the  cysts 
or  discharges.  (See  p.  187.)  The  parasites  more  rarely  found  in  the 
lung  are  the  Cysticercus  cellulosae,  Strongylus  longevaginatus,  and  Pent- 
astoma  denticulatum. 


CHAPTER  IX. 


DISEASES  OF  THE  URINARY  ORGANS.1 

The  Normal  Kidney. — The  kidneys  vary  somewhat  in  size  and  are 
rarely  symmetric;  normally  the  left  kidney  weighs  150  gm.  to  190  gm., 
and  the  right  slightly  less.  According  to  Verraeck,2  the  specific  gravity 


Fig.  304. — Longitudinal  Section  of  the  Kidney.  {Tyson,  after  Henle.) 

1.  Cortex,  equal  in  thickness  to  about  one-half  the  length  of  the  medullary  pyramid.  2.  Medulla.  C. 
Pelvis  with  calices  extending  outward  between  the  papilla  of  the  pyramids,  i'.  Medullary  rays, 
between  which  are  the  labyrinths  1".  2'.  Conducting  tubules  of  the  medulla.  The  line  from  2" 

runs  to  a point  just  below  the  corticomedullary  line.  A.  Renal  artery:  at  5,  5 is  shown  its  method 
of  distribution.  3,  3.  Transverse  section  of  tubules.  4.  Fat  of  renal  pelvis.  * Transversely  coursing 
medullary  rays.  U.  Ureter. 

of  the  organ  varies  between  1.050  and  1.055.  The  pyramid  is  the  ana- 
tomic unit;  the  Malpighian  tuft,  with  its  blood-vessels  and  the  tube 
passing  off  as  the  proximal  convoluted  tube,  the  loop  of  Henle,  the  second 

1 Of  the  more  recent  works  on  diseases  of  the  kidney  the  student  is  advised  to 
consult  Morris,  Surgical  Diseases  of  the  Kidney  and  Ureter,  1901,  and  Tyson,  Bright’s 
Disease  and  Diabetes,  1904. 

2 La  Semaine  Med.,  Aug.  7,  1901. 
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or  distal  convoluted  tube,  and  terminating  in  the  conducting  tube, 
constitutes  the  gland  unit. 

Histologically,  the  tubules  are  tracts  of  mucous  membrane  in  which 
different  portions  are  lined  by  epithelial  cells  having  slightly  different 
characters.  The  epithelium  of  the  tuft  is  flat,  with  a tendency  to  cuboid 
outline;  the  epithelium  of  the  convoluted  tubes  is  more  or  less  poly- 
hedral. The  cortex  of  the  organ  is  made  up  of  two  histologic  struc- 
tures, which  are  most  important  from  a patho- 
logic standpoint;  these  are  the  labyrinth  and 
the  medullary  rays  or  pyramids  of  Ferrein. 
In  a perfectly  normal  kidney  these  two  ele- 
ments cannot  be  satisfactorily  differentiated 
by  the  unaided  eye;  but  with  the  occurrence  of 
inflammation  or  of  marked  degenerative  change 
the  structures  named  are  often  outlined  with 
remarkable  clearness.  The  thickness  of  the 
cortex  varies  considerably  in  health,  and  de- 
pends on  the  size  and  general  contour  of  the 
organ.  A kidney  may  be  short,  with  a thick 
cortex,  or  long  and  the  cortical  portion  some- 
what thinner;  there  is,  however,  a more  or  less 
definite  relation  between  the  cortex  and  the 
medullary  portion,  which  is  sufficiently  con- 
stant to  be  utilized  for  comparison.  If  a 
pyramid  be  selected  which  is  incised  from  apex 
to  base,  and  a line  extended  from  the  apex  of 
the  pyramid  to  the  capsule,  it  will  be  found 
that  two-thirds  of  the  line  rests  upon  the 
medullary  portion,  or  the  pyramid,  and  one- 
third  upon  the  cortex;  this  relative  proportion 
between  the  two  parts  is  not  absolute,  but  the 
variations  are  so  slight  that  the  rule  is  gen- 
erally applicable,  and,  by  employing  this 
method  of  measurement,  one  can  usually  de- 
termine, at  least  approximately,  whether  the 
cortex  is  normal  in  thickness. 

Malformations  and  Malpositions  of  the  Kid- 
ney.1— It  is  necessary  to  consider  these  condi- 
tions together,  as  malformed  kidneys  are  not,  as 
a rule,  in  their  normal  positions.  Abnormalities  in  form  or  position  of  the 
kidney  are  not  infrequent.  The  commonest  of  all  malpositions  is  that 
known  as  movable  kidney,  which  is  generally  an  acquired  condition, 


Fig.  305.—  Diagram  of  Blood  Sup- 
ply to  Kidney.  ( Rindfleisch .) 
b.  Artery  at  the  corticomedullary 
line,  the  same  as  5 in  figure  304. 
c,  c.  Blood-vessels  passing  up- 
ward to  Malpighian  tufts  in  the 
cortex.  d.  Blood-vessels  pass- 
ing downward  into  medulla. 
The  diagram  also  shows  the 
pyramids  of  the  cortex,  between 
which  are  the  labyrinths  con- 
taining the  Malpighian  tufts  and 
convoluted  tubules. 


1 Guiteras,  Monatsberichte  d.  Urologie,  Bd.  ix,  H.  7,  p.  445.  Morris.  Surgical 
Diseases  of  the  Kidney  and  Ureter,  1901.  Cathelin,  Annal.  des  Mai.  Genito-Urin., 
vol.  xxi,  No.  23.  Moore,  Jour.  Anat.  and  Phys.,  London,  1903,  vol.  xxxviii,  p.  99. 
Hamann,  Jour.  Med.  Research,  June,  1902,  vol.  viii,  p.  125.  Oberndorfer,  Miinch. 
med.  Woch.,  March  10,  1903,  p.  426.  Engstron,  Zeit.  f.  klin.  Med.,  1903,  vol.  xlix. 
Reinfelder,  Inaug.  Diss.  Miinchen,  April,  1905.  Munro  and  Goddard,  Amer.  Jour. 
Med.  Sci.,  Sept.,  1907.  Calabresse,  Ann.  d.  mal.  d.  org.  genito-urin.,  190*8,  ii, 
1841.  Mayo,  Braasch  and  MacCarty,  Jour.  Amer.  Med.  Assoc.,  May  1,  1909,  p. 
1383.  Wimmer,  Yirch.  Arch.,  Bd.  cc,  H.  3,  1910,  p.  487.  Anders,  Amer.  Jour. 
Med.  Sci.,  March,  1910,  p.  313.  Halbein,  Wein.  med.  Woch.,  No.  4,  1910.  Decherd, 
Amer.  Jour.  Med.  Sci.,  Jan.,  1904.  Dick,  Trans.  Chicago  Path.  Soc.,  May  9,  1904. 
Pohlman,  Bull.  Johns  Hopkins  Hosp.,  Feb.,  1905,  p.  49. 
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although  authorities  are  agreed  that  the  organ  may  be  more  movable  than 
normal  even  at  birth.  Morris’s  statistics  show  that  horseshoe  kidney  oc- 
curs about  once  in  1000  cases;  absence,  extreme  atrophy,  or  dwarfing  of 
one  kidney,  once  in  2650  cases.  The  typical  solitary  organ  resulting  from 
fusion  of  two  kidneys  is  found  once  in  16,000  postmortems.  A single 
kidney  is  more  frequent.  According  to  Winter, 1 seven  such  organs 


B B 

Fig.  307. — Horseshoe  Kidney.  (Anterior  aspect.) 

A.  A.  Renal  arteries.  B,  B.  Ureters.  In  this  partic- 
ular case  the  two  ureters  pass  downward  to  the 
bladder  and  enter  separately.  The  end  of  the 
organ  to  the  right  shows  considerable  lobulation, 
such  as  is  normal  in  fetal  life,  but  usuaily  absent 
in  the  fully  formed  kidney  of  the  adult. 


BC  p 

Fig.  306. — Solitary  Kidney. 

(Anterior  view.) 

A.  Aorta.  The  small  branch  between  A and 
the  bifurcation  of  the  aorta  is  the  inferior 
mesenteric  artery  (?).  B,  B.  Common 
iliacs.  It  will  be  observed  that  the  two 
renal  arteries  appear  to  come  off  directly  at 
the  bifurcation  of  the  aorta.  C.  kidney. 
Just  above  the  letter  C is  the  ureter. 
Posteriorly,  the  organ  is  slightly  lobulated. 
Absence  of  renal  tissue  between  the  two 
renal  arteries  would  convert  this  mass  into 
a horseshoe  kidney.  ( Drawing  from  speci- 
men in  the  Museum  of  the  Jeff  erson  Medical 
College.) 


have  been  removed  by  surgeons.  Anomalies  in  the  blood  supply  of 
the  kidney  are  not  uncommon;  I have  repeatedly  observed  two  renal 
arteries,  and  three  are  not  infrequent.  Of  27  cases  of  hydronephrosis 
Mayo  found  that  20  were  due  to  anomalous  blood-vessels. 

The  solitary  kidney  represents  a fusion  of  the  two  organs  and  their 
development  as  a single  mass.  As  a rule,  the  solitary  kidney  possesses 

Arch.  f.  klin.  Chir.,  1903,  lxix,  No.  3. 
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a duplicated  blood  supply;  it  lies  in  the  median  line  or  slightly  to  one 
side,  and  is  very  much  nearer  the  pelvis  than  the  normally  placed  organs; 
indeed,  it  may  be  on  the  border  of  or  even  within  the  pelvic  cavity. 
Commonly,  there  is  but  one  ureter,  although  there  may  be  two  ureters  or 
a single  ureter  dividing  into  two  before  it  reaches  the  bladder,  or  two 
ureters  uniting  to  form  one  just  before  the  bladder  is  reached.  The  organ 
is  likely  to  be  floating,  although  it  may  be  firmly  attached.  Ring  or“  disk- 
shaped” kidney  is  a malformation  intermediate  between  the  solitary  and 
horseshoe  forms. 

Horseshoe  Kidney. — Next  to  the  solitary  kidney,  in  degree  of  mal- 
formation, is  the  horseshoe  kidney.  In  this  condition  the  two  kidneys 
may  be  one  continuous  mass,  or  they  may  be  considerably  separated  with 
a fibrous  band  uniting  them.  The  horseshoe  kidney  lies  with  its  convexity 
downward,  and  usually  possesses  two  pelves  and  two  ureters;  very  rarely, 


Fig.  308. — Persistent  Fetal  Kidney  Due  to  Anastomoses  between  the  Renal  Artery  and  Vein. 

• (Natural  size.) 

A.  Renal  artery.  B.  Renal  vein.  C.  Ureter.  The  persistence  of  fetal  lobulation  is  well  shown.  It  is 

occasionally  just  as  marked  in  organs  of  a normal  size. 


such  organs  are  placed  to  one  side  of  the  median  line.  The  renal  blood- 
vessels are  usually  abnormal,  in  that  they  arise  from  or  join  the  larger 
blood-vessels  lower  than  in  health. 

A single  kidney  is  one  essentially  normal  organ  possessing  the  usual 
blood  supply.  It  is  alone  because  of  developmental  arrest  and  conse- 
quent absence  of  the  opposite  organ,  and  differs  from  the  solitary  kidney 
in  that  it  does  not,  histologically  or  anatomically,  although  it  may  physio- 
logically, represent  the  two  organs.  It  is  usually  in  the  normal  position; 
but,  having  enlarged,  the  increased  weight  sometimes  leads  to  loss  of  an- 
chorage, and,  consequently,  to  some  form  of  acquired  malposition. 

Absence  of  the  Kidney. — Rarely,  both  kidneys  may  be  absent;  absence 
or  marked  hypoplasia  of  one  kidney  is  not  so  uncommon.  Usually,  the 
left  kidney  is  missing;  the  remaining  organ  hypertrophies  and  performs  the 
function  of  two  kidneys.  The  kidneys  are  not  uncommonly  lobulated, 
retaining  this  characteristic  of  fetal  life. 

Supernumerary  Kidneys. — In  exceptional  cases  a third  kidney  is  pres- 
ent. The  organ  may  be  near  one  of  the  normally  placed  kidneys,  but 
more  commonly  is  situated  lower  in  the  abdominal  cavity  and  possesses 
its  own  ureter  and  blood  supply.  The  division  of  one  kidney  into  two  or 
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more  parts,  receiving  their  blood  supply  from  the  same  vessel  and  draining 
into  the  same  ureter,  does  not  really  constitute  an  example  of  accessory  or 
multiple  organs. 

Nephroptosis,1  ren  mobilis,  or  prolapse  of  the  kidney,  may  be  part 
of  a malformation,  as  already  stated  when  considering  solitary  and  horse- 
shoe kidneys.  In  other  cases  it  is  distinctly  an  acquired  malposition. 
Over  eighty  per  cent,  of  the  misplaced  kidneys  are  found  in  women,  in 
whom  the  condition  is  common.  The  frequency  estimated  by  different 
writers  varies:  Kiister  states  that  4.44  per  cent,  of  all  women  consulting 

him  have  movable  kidneys;  Goelet  and  also  Edebohls  find  that  twenty  per 
cent,  of  women  are  affected;  Harris  states  that  fifty-six  per  cent,  possess 
movable  kidneys.  The  morbid  condition  is  most  frequent  during  adult  life 
— between  twenty  and  forty — but  is  also  seen  in  children  and  infants. 
The  right  kidney  is  the  organ  involved  in  over  eighty  per  cent,  of  the  cases, 
and  in  practically  all  the  rest  both  are  movable.  The  displacement 
commonly  follows  pregnancy  or  other  conditions  that  tend  to  bring  about 
an  abnormal  flaccidity  of  the  abdominal  walls.  It  is  frequently  associated 
with  morbid  processes  that  increase  the  size  and  weight  of  the  kidney. 
Nephroptosis  may  be  coincident  with  enteroptosis  or  prolapse  of  other  vis- 
cera. It  is  said  to  be  favored  by  absorption  of  the  perirenal  fat  and  ab- 
normal length  of  the  renal  vessels.  Trauma,  in  the  form  of  blows  and 
falls,  may  displace  the  organ.  Tight  lacing  is  assumed  to  be  a cause. 
Pressure  upon  the  liver,  induced  by  stays,  is  transmitted  to  the  kidney, 
which  is  thereby  forced  from  its  normal  position. 

The  degree  and,  to  a certain  extent,  the  character  of  the  mobility 
vary  in  different  cases.  The  organ  may  be  mobile  behind  the  peritoneum, 
constituting  the  so-called  movable  kidney ; Morris  and  others  are  inclined 
to  recognize  different  degrees  of  movable  kidney  based  upon  the  extent  of 
the  mobility.  Morris  also  recognizes  a condition  in  which  the  retroperi- 
toneal organ  may  be  displaced  either  vertically  or  laterally  in  a ‘‘cinder- 
sifting manner,”  but  is  not  prolapsed  forward.  In  other  cases  the  kidney 
falls  forward,  bringing  with  it  the  peritoneum,  thereby  forming  a pedicle 
composed  of  the  blood-vessels,  ureters,  nerves,  and  peritoneum,  consti- 
tuting whatis  known  as  a mesonepkron.  In  this  condition  the  organ  is  mov- 
able within  the  abdominal  cavity,  and  is  called  a floating  kidney.  Both 
the  movable  and  floating  organs  not  infrequently  twist  or  kink  the  ureter, 
giving  rise  to  obstruction  and  favoring  the  development  of  hydronephrosis. 
Many  of  the  symptoms  of  floating  kidney  are  due  to  ureteral  obstruction; 
this  feature  also  explains  the  occurrence  of  the  so-called  urinary  crises,  in 
which  unusual  amounts  of  urine  are  voided  during  exceedingly  brief 
periods.  They  result  from  obstruction  and  accumulation  of  urine  in  the 
renal  pelvis,  the  contents  of  which  are  rapidly  discharged  as  soon  as  the 
kidney  resumes  its  normal  position.  Less  commonly,  torsion  gives  rise 
to  a temporary  obstruction  of  the  blood  supply,  and,  if  the  obstruction 
persist,  gangrene  of  the  organ  sometimes  occurs.  The  kidney  may  be 
displaced  and  caught  by  adhesions,  or  in  other  ways  incarcerated.  The 
ectopic  right  kidney  may  drag  upon  the  peritoneum  and  cause  pressure 

1 Cabot,  Boston  Med.  and  Surg.  Jour.,  March  6,  1902.  Dupoux,  These  de  Paris, 
1902.  Harris,  Jour.  Amer.  Med.  Assoc.,  June  1,  1901,  also  Feb.  15,  1904,  p.  411. 
Treves,  Practitioner,  Jan.,  1905,  p.  1.  Macalister,  Allbutt’s  System  of  Medicine,  vol. 
iv,  p.  633,  gives  references  to  150  articles  published  prior  to  1897.  Longyear,  Amer. 
Jour.  Obstet.,  Nov.,  1905.  Heidenhain,  Therap.  Monats.,  Feb.,  1906.  Ullman, 
New  York  Med.  Jour.,  Sept.  21,  1907.  Newman,  Movable  Kidney  and  other  Dis- 
placements and  Malformations,  1907. 
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on  the  bile-ducts  or  duodenum,  thereby  inducing  gastric  and  biliary 
disturbances;  jaundice  sometimes  occurs.  Coincident  mucous  colitis  and 
appendicitis  have  been  observed.  Allglave1  discusses  in  detail  the  possible 
altered  relation  of  the  colon  produced  by  movable  kidney.  Cabot  reports 
a case  of  hematuria  due  to  movable  kidney,  and  Sutherland2  found  the  ren 
mobilis  in  37.5  per  cent,  of  40  cases  of  orthostatic  albuminuria. 

Malformations  of  the  Ureter. — Sometimes  the  ureter  is  imperforate, 
or,  the  reverse,  sacculated;  occasionally,  one  kidney  may  possess  several 
ureters;  I have  seen  three  ureters  on  one  side.  Hohmeier  records  an 
instance  where  a third  ureter  opened  into  the  vagina.  Robinson3 4  has 
shown  that  the  normal  shape  of  the  ureteral  lumen  varies,  and  often 
the  pair  are  unlike. 

Malformations  of  the  Bladder1  and  Urethra. — Occasionally,  the  bladder 
is  bifid;  sometimes  there  is  a fissure  of  the  abdominal  and  vesical  walls, 
giving  rise  to  exstrophy,  fissura,  or  inversio  vesicae;  rarely,  the  bladder 
is  fissured  in  its  posterior  wall,  and  thereby  communicates  with  the 
pelvic  cavity  or  with  the  vagina  or  rectum.  True  diverticula  of  the 
bladder  possess  all  the  coats  of  the  normal  organ ; false  diverticula  are  hernias 
of  the  mucosa  through  the  muscle  wall.  The  former  are  congenital,  the 
latter  acquired.  Vesica  bipartita  and  vesica  duplex  comprise  the  partitioned 
bladders  and  duplicated  bladders  respectively.  Hour-glass  malforma- 
tion of  the  bladder  is  occasionally  seen.  The  urethra  is  sometimes  im- 
perforate, or  the  bladder  and  bowel  may  possess  a single  opening;  the 
bladder  may  be  absent.  In  a few  instances  the  bladder  has  been  found 
normally  formed,  but  has  protruded  through  a fissure  in  the  abdominal 
wall — a condition  known  as  ectopia  vesicae.  Persistent  urachus  may  be 
manifested  by  a conic  projection  upward  in  the  median  line,  the  bladder 
reaching  almost,  if  not  quite,  to  the  umbilicus.  In  other  instances  the 
atrophic  allantois  may  remain  as  a tube-like  extension  above  the  bladder, 
ending  at  the  umbilicus,  or  it  may  be  closed  at  both  ends.  Later,  accumu- 
lation of  fluid  in  the  tube  leads  to  the  formation  of  a cyst,  constituting 
what  is  known  as  a cyst  of  the  urachus.5 6  The  urethra  may  open  on  the 
dorsal  aspect  or  on  the  inferior  surface  of  the  penis,  giving  rise  to  epispadias 
and  to  hypospadias.  respectively.  Hypospadias  may  be  balanic,  penile, 
scrotal,  or  perineoscrotal;  it  occurs  about  once  in  375  male  infants.  Occa- 
sionally the  urethra  may  possess  more  than  one  external  orifice;  sometimes 
the  meatus  is  bifid.  Occasionally,  the  urethra  has  more  than  one  external 
orifice;  in  rare  instances  the  urethra  opens  behind  the  scrotum,  giving  rise 
to  hypospadias  perineoscrotalis. 

Diseases  of  the  Kidney-bed.0— Atrophy  of  the  perirenal  fat  has  been 

1 Revue  de  Chir.  Dec.  10,  1904,  p.  730. 

2 Amer.  Jour.,  Med.  Sci.,  Aug.,  1903. 

3 Med.  News,  Aug.  8,  1903,  p.  247. 

4 Enderlen,  Ueber  Blasenektopie,  Wiesbaden,  1904.  Schmidt,  Inaug.  Diss., 
Halle,  March,  1905.  Vaughan,  Amer.  Med.,  Oct.  14,  1905,  p.  645.  von  Eberts, 
Annals  of  Surgery,  Nov.,  1909.  Ruggles,  Med.  Record,  Tan.  9,  1909.  Fischer, 
Surg.,  Gyne.,  and  Obstet.,  Feb.,  1910,  p.  156. 

5 Delore  and  Cotte,  Rev.  de  Chir.,  No.  3,  1906.  Weiser,  Annals  of  Surgery,  Oct., 
1906,  vol.  xliv. 

6 Schmidt,  Munch,  med.  Woch.,  April  28,  1903,  p.  731.  Kelley,  Jour.  Amer. 
Med.  Assoc.,  June  27,  1903,  p.  1775.  Delbet,  Rev.  de  Chir.,  July,  1903,  p.  62. 
Galladauet,  Annals  of  Surgery,  April,  1904,  p.  573.  Berg,  Amer.  Jour.  Surg.,  June, 
1906.  Doll,  Miinch.  med.  Woch.,  Dec.  3,  1907.  Lardennois,  Etudes  sur  les  Con- 
tusions, Dechirures  et  Ruptures  du  Rein,  1908.  Miller,  Annals  of  Surgery,  March, 
1910. 
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described  and  it  has  been  suggested  that  abnormal  mobility  of  the  kidney 
may  depend  upon  this  cause.  Inflammation  around  the  kidney 
perinephritis — may  be  acute  or  chronic,  productive  or  suppurative. 
The  acute  form  is  practically  always  attended  by  the  development  of  pus 
and  the  formation  of  a perinephric  abscess.  Usually  it  is  secondary  to 
suppurative  processes  within  the  kidney,  but  may  result  from  extension 
from  contiguous  tissues  or  infection  brought  by  the  blood.  Primary 
perirenal  abscess  is  often  due  to  injury.  Sometimes  the  acute  form  is 
protracted  and  there  is  notable  increase  in  the  fibrous  tissue  forming  the 
wall,  with  marked  sclerosis  of  the  contiguous  fat;  this  has  been  called 
chronic  perinephric  abscess.  A similar  condition  sometimes  develops 
insidiously,  and  is  not  infrequently  manifested  by  the  occurrence  of  mul- 
tiple foci  of  suppuration  embedded  in  a dense  fibrous  connective  tissue, 
generated  by  inflammatory  hyperplasia  of  the  contiguous  fibrous  elements. 
This  form  is  usually  due  to  chronic  suppuration  within  the  kidney,  and 
especially  to  that  form  of  pyelitis  which  accompanies  calculi.  Sclerosing 
perinephritis  gives  rise  to  a more  or  less  marked  increase  in  the  fibrous 
tissue  around  the  kidney.  The  condition  may  be  due  to  inflammations 
within  the  kidney  or  it  may  be  consecutive  to  other  contiguous  irritation. 
Sometimes  the  fat  around  an  incarcerated  movable  kidney  manifests  the 
change.  The  kidney  is  abnormally  firmly  attached,  and  during  removal 
brings  with  it  a large  amount  of  the  adjacent  tissue. 

Pararenal  cysts  sometimes  occur;  when  composed  of  blood,  they  are 
called  paranephric  hematomata ; if  the  cysts  contain  urine,  the  condition 
is  called  paranephrosis,  pseudohydronephrosis,  or  a paranephric  urinary  cyst. 
Both  forms  of  extravasation  are  usually  due  to  injury  which  wounds  a 
vessel  or  ruptures  the  pelvis  of  the  kidney  or  the  ureter;  lacerations  of  the 
kidney  substance  may  also  give  rise  to  hemorrhage.  In  the  urosan- 
guineous  cysts  both  urine  and  blood  are  present.  Urine  or  blood  in 
the  paranephric  tissues  favors  the  occurrence  of  infection  and  conse- 
quent suppuration,  and  may  terminate  in  perinephric  abscess. 

Diseases  of  the  Kidney. — For  pathologic  study  of  the  urinary  organs 
it  is  advantageous  to  assume  that  only  a part  of  these  structures  has 
anything  to  do  with  the  secretion  of  urine.  The  secreting  structure  is, 
of  course,  the  kidney,  and  particularly  that  part  of  the  organ  lying  super- 
ficially, and  known  as  the  cortex.  A study  of  the  relation  of  diseases  of 
the  kidney  to  the  different  parts  of  the  organ  will  show  that  a number  of 
conditions  begin  in,  and  are  largely  restricted  to,  the  essential  secreting 
tissue.  To  this  group  belong  the  various  forms  of  Bright’s  disease  and 
the  acute  degenerative  processes,  and  constitute  what  are  often  called  the 
medical  diseases  of  the  kidney.  In  another  class  of  cases  the  lesions  originate 
in  the  pelvis,  ureter,  or  bladder,  and  extend  by  continuity  along  the  course 
of  the  passage,  eventually  involving,  in  many  cases,  the  secreting  struc- 
ture of  the  kidney.  With  this  group  of  diseases  are  included  certain  re- 
tention cysts  of  the  kidney  (hydronephrosis,  pyonephrosis),  suppurative 
lesions,  and  secondary  suppurative  processes  in  the  urethra,  prostate, 
bladder,  ureter,  and  pelvis.  By  common  consent  these  affections  are 
grouped  under  the  term  surgical  diseases  of  the  urinary  apparatus.  It 
will  be  observed  that  this  division  into  the  medical  and  surgical  diseases  is 
largely  clinical,  but  has  some  foundation  in  that  the  morbid  conditions 
which  eventually  manifest  themselves  are,  to  a certain  extent  at  least, 
largely  restricted  to  the  structures  just  indicated. 

Atrophy  of  the  Kidney. — Aside  from  the  arrest  in  development  already 
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referred  to  when  considering  malformations  (and  hypoplasia  is  really  not 
an  atrophy),  but  little  is  known  of  atrophic  processes  in  the  kidney. 
Ureteral  obstruction  or  occlusion  and  the  resulting  hydronephrosis  give 
rise  to  atrophy  first  involving  the  medulla  and  later  the  cortex  of  the  organ. 
Asch1  has  described  complete  atrophy  of  the  kidney  associated  with 
ureteral  fistula.  The  small  or  contracted  kidney  resulting  from  chronic 
interstitial  inflammation  is  sometimes  referred  to  as  an  atrophied  organ. 

Hypertrophy  of  the  kidney  occurs  to  a limited  extent  in  both  organs 
in  individuals  addicted  to  drinking  large  quantities  of  fluid,  and  in  whom 
the  kidneys  are  thereby  called  upon  for  unusual  activity.  As  a result  of 
disease,  of  failure  of  development,  or  of  removal  of  one  organ,  its  fellow 
commonly  manifests  more  or  less  hypertrophy.  The  earlier  in  life  the 
functional  loss  of  one  organ  occurs,  the  more  prompt,  and,  as  a rule,  the 
more  complete,  will  be  the  compensatory  hypertrophy  of  the  remaining 
kidney.  The  power,  however,  of  continued  enlargement  persists  until  late 
in  life.  During  the  fetal  period  destruction  of  one  organ  leads  to  enlarge- 
ment of  the  remaining  kidney  until  it  approximates  in  volume  two  fully 
developed  organs.  At  this  time  new  tubules  and  new  Malpighian  tufts 
may  be  formed,  but  later  in  life,  after  the  kidney  has  attained  its  normal 
dimensions,  it  is  probable  that  increase  in  volume  is  the  result  of  a pro- 
portional increase  in  the  size  of  the  tubules,  and  is  unassociated  with  the 
formation  of  new  tubules  or  additional  tufts. 

Infiltrations  of  the  Kidney. — Fatty  and  calcareous  infiltrations  are  rare 
in  the  normal  organ.  Calcification  is  not  infrequent  in  areas  of  past 
necrosis,  such  as  those  resulting  from  tuberculosis,  infarction,  and  hemor- 
rhage. Prym2  describes  a deposit  of  fat  in  the  cortex  distinctly  peri- 
vascular; it  is  restricted  almost  exclusively  to  individuals  over  fifty  years 
of  age.  Occasionally,  the  kidney  shows  pigmentation  resulting  from  a 
deposit  of  more  or  less  altered  hemoglobin.  The  color  of  the  affected  area 
or  of  the  whole  organ  is  brown,  brownish-yellow,  or  mottled.  Pigments 
so  deposited  may  be  rich  in  iron,  as  can  be  readily  shown  by  the  appli- 
cation of  the  usual  tests.  (See  p.  226.)  In  jaundice  more  or  less  stain- 
ing of  the  kidney  tissue  is  always  evident,  and  usually  necrotic  and  des- 
quamative changes  give  rise  to  casts  that  are  intensely  bile  stained. 
Aside  from  the  concretions  or  true  calculi  occurring  in  the  conducting 
portion  of  the  urinary  tract — the  pelvis,  ureter,  bladder,  and  urethra — 
there  is  occasionally  observed,  in  the  kidney  structure  proper,  within 
the  tubules,  and  massed  with  more  or  less  necrotic  epithelium,  deposits 
of  uric  acid  and  urates.  The  so-called  uratic  infarcts,3  which  develop 
during  the  first  two  weeks  of  postnatal  life,  are  also  examples  of  deposition 
similar  to  that  just  described  and  occurring  in  the  tubules  of  the  pyramids. 
Wells  and  Corper  attribute  the  deposit  to  an  excess  of  uric  acid  frequently 
present  in  the  new-born.  In  diabetes  a varying  amount  of  glycogenic 
infiltration  may  be  present  in  the  renal  epithelium,  and,  to  a limited  extent, 
in  the  Malpighian  bodies.  Lardaceous  disease  of  the  kidney  will  be  con- 
sidered with  the  renal  inflammations. 

Degenerations  of  the  Kidney.4 — True  fatty  degeneration  of  the  organ 
can  probably  be  best  considered  with  chronic  parenchymatous  nephritis, 

1 Berl.  klin.  Woch.,  Oct.  5,  1908. 

2 Virch.  Arch.,  Bd.  cxcvi,  H.  2,  1909. 

3 Wells  and  Corper,  Jour.  Biol.  Chem.,  Aug.,  1909. 

4 Landsteiner,  Wien.  klin.  Woch.,  Oct.  10,  1901.  11  Policlinico,  Nov.,  1902. 

Natason,  Wien.  klin.  Woch.,  July  16,  1903,  p.  857.  Landsteiner  and  Mucha,  Cen- 
tralbl.  f.  allg.  Path.  u.  path.  Anat.,  Sept.  30,  1904,  p.  752. 
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with  which  it  is  so  constantly  associated.  A similar  conversion  of  the 
renal  epithelium  into  fat  occurs  in  pernicious  anemia.  Parenchymatous 
degeneration  (cloudy  swelling)  is  probably  the  most  constant  morbid 
condition  to  be  recognized  in  the  kidney.  In  some  instances  the  granular 
degeneration  of  the  epithelium  of  the  convoluted  tubes  is  so  intense  and 
universal  that  it  amounts  to  a necrosis,  and  frequently  causes  anuria.1 


Fig.  309. — Kidney,  Showing  Granular  and  Fatty  Degenerations  op  the  Cortex,  from  a Case  of 

Pernicious  Anemia. 

Osmic  acid  preparation.  Parts  of  three  convoluted  tubes  and  one  collecting  tube  are  shown.  The  epi- 
thelium of  the  two  collecting  tubes  near  the  center  of  the  drawing  is  the  seat  of  advanced  granular  and 
fatty  change.  The  protoplasm  is  granular  and  fragmenting,  and  contains  droplets  of  fat  that  have 
been  blackened  by  the  osmic  acid. 


It  may  result  from  hyperemia,  from  congestion,  or  from  the  presence  of  va- 
rious irritants,  particularly  those  elaborated  during  the  progress  of  infec- 
tious diseases,  such  as  scarlet  fever,  diphtheria,  pneumonia,  erysipelas, 
and  allied  infections.  (See  causes  of  acute  Bright’s  disease,  p.  655.) 

Anatomically,  the  appearance  of  the  organ  depends  largely  upon 
the  amount  of  vascular  distention  with  which  the 
lesion  is  associated.  In  the  absence  of  hyperemia 
or  congestion,  the  kidney  is  pale,  soft,  and  not  infre- 
quently pits,  as  though  it  were  edematous.  The 
swelling  is  often  inconspicuous,  but  can  usually  be 
shown  to  be  present  by  the  fact  that,  upon  incision, 
the  capsule  retracts.  In  the  absence  of  congestion 
or  hyperemia  the  pale,  cloudy  surface  contrasts 
strongly  with  the  bright  luster  of  the  normal  kidney. 

The  histologic  changes  are  those  already  described 
when  considering  cloudy  swelling.  (See  p.  231.) 

Hyperemia  of  the  kidney  is  induced  by  exposure 
to  cold  and  by  the  administration  of  irritant  sub- 
stances normally  excreted  through  the  kidney;  it 
occurs  also  in  some,  but  not  in  all,  febrile  conditions,  and  is  present  in 
the  initial  stage  of  acute  nephritis.  (See  causes  of  acute  Bright’s  disease.) 
Morbid  Anatomy. — The  organ  is  somewhat  larger  than  normal,  soft, 
1 Weber,  Lancet,  Feb.  27,  1909,  p.  601. 


Fig.  310. — Cloudy  Swell- 
ing of  the  Epithelium 
Lining  a Kidney  Tu- 
bule. ( Futterer .) 
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and,  on  section,  drips  blood.  The  cortex  is  very  much  darker  than  that 
of  the  normal  organ,  and  is  striated,  while  the  medullary  portion  may 
be  almost  purplish.  Microscopic  examination  usually  shows  distention 
of  the  entire  vascular  area,  and,  at  points,  rhexis;  cloudy  swelling  is 
extremely  likely  to  accompany  the  condition. 

Congestion  of  the  kidney  arises  as  the  result  of  impeded  venous  cir- 
culation, such  as  may  occur  in  chronic  heart  or  lung  diseases,  or,  locally, 
from  pressure  on  the  renal  veins  by  abdominal  tumors,  ascites,  and  a very 
much  enlarged  pregnant  uterus.  The  most  advanced  form  of  congested 
kidney  is  the  so-called  cyanotic  kidney  of  chronic  heart  disease.  (See 
p.  522.) 

Morbid  Anatomy. — The  organ  is  usually  large  and  swollen,  and  may 
drip  blood  on  section.  The  tissue  is  firmer  than  normal,  and  resists 
cutting  and  tearing,  owing  to  the  increase  in  connective  tissue.  Unlike 
typical  interstitial  nephritis,  the  capsule  usually  strips  more  easily  than 
normal;  the  cortex  is  of  a deep-red  color  and  often  striated,  and  the 
pyramids  are  purplish.  Microscopically,  the  epithelium  is  cloudy  or 
granular,  and  at  points  almost  fatty;  there  is  some  increase  in  interstitial 
supporting  structure,  manifested  by  a small  lymphoid  cell  accumulation 
between  the  tubes,  and  also  an  increase  in  the  fibrous  tissue — an  evidence 
of  past  exudation.  The  amount  of  fibrous  tissue  may  be  sufficient  to  lead 
to  a slight  reduction  in  the  size  of  the  organ;  when  the  kidney  is  perceptibly 
smaller  than  normal,  it  is  reasonable  to  assume  that  an  associated  chronic 
interstitial  inflammation  is  present.  The  blood-vessels  are  intensely  en- 
gorged, but  rhexis  is  less  commonly  present  than  in  the  condition  of  acute 
hyperemia. 

Renal  infarction'  results  from  embolic  or  thrombotic  occlusion  of 
the  renal  artery  or  its  branches.  The  infarcts  may  be  multiple  or  single 
and  often  are  of  different  ages;  they  are  usually  anemic.  The  base 
presenting  on  the  surface  of  the  organ  is  round,  oval  or  slightly  irregular, 
pale  or  nearly  white,  and  often  marginated  by  a hyperemic  zone,  1 mm. 
to  2 mm.  in  breadth.  On  account  of  the  capsular  tension  they  are  rarely 
elevated  to  any  perceptible  degree;  the  capsule  is  usually  loosely  attached 
to  the  base  of  the  infarct.  Infarcts  in  the  medulla  (Fig.  31 1)  are  less 
frequent.  The  affected  kidney  is  commonly  swollen  and  often  pits  on 
pressure.  When  incised,  the  wedge-shaped  infarct  frequently  extends  to 
the  corticomedullary  junction,  rarely  deeper.  When  the  infarction  is 
due  to  fat-embolism,  oil-droplets  are  sometimes  present  in  the  urine. 
Hemorrhagic  infarcts  of  the  kidney  are  much  less  common,  and  when 
present  possess  the  usual  .character  of  such  structures.1 2  In  exceptional 
cases  the  entire  kidney  is  affected;  in  such  instances  the  process  is  usually 
anemic.  Weigall3  reports  an  instance  of  gangrene  in  a movable  kidney 
due  to  twist  in  the  pedicle. 

Hematuria,  or  blood  in  the  urine,  may  result  from  hemorrhage  arising 
in  the  renal  parenchyma  or  from  any  part  of  the  conducting  path.  Renal 
hematuria  may  attend  hyperemia,  congestion,  infarction,  and  injuries  to 
the  kidney  substance,  and  is  present  in  some  forms  of  nephritis,  particu- 
larly the  acute.  It  is  especially  marked  in  the  so-called  hemorrhagic  ne- 
phritis, but  is  infrequent  in  the  chronic  inflammations  of  the  organ.  It  is 

1 Fischler,  Virchows  Arch.,  1902,  Bd.  clxx,  p.  1.  Schmidt,  Wien.  klin.  Woch., 
May  16,  1901.  Halperin,  Arch.  Intern.  Med.,  May,  1908,  p.  320. 

2 Embolism  and  Infarction,  pp.  271  to  278. 

3 Australasian  Med.  Gazette,  1903,  vol.  xxii,  p.  515. 


DISEASES  OF  THE  URINARY  ORGANS. 


649 

not  certain  whether  or  not  the  hematuria  accompanying  purpura  and  hem- 
orrhagic septicemias  is  always  renal;  the  occasional  presence  of  blood- 
casts  clearly  indicates  that  the  bleeding  comes  from  the  kidney,  at  least 
in  some  cases.  Bleeding  from  the  kidney  substance  also  occurs  when 
primary  or  secondary  tumors  involve  the  parenchyma  of  the  organ. 
Usually  the  hemorrhage  accompanying  renal  neoplasms  is  the  result  of 
involvement  of  the  pelvis  of  the  kidney,  but  not  always  so,  as  I have  on 
two  occasions  observed  hematuria  with  blood-casts  and  at  the  autopsy 
found  no  structural  lesion  of  the  pelvis.  Hematuria  from  a health}^ 


Fig.  3 1 1. — Kidney,  Multiple  Anemic  Infarcts.  Case  of  Ulcerative  Endocarditis. 


kidney,  also  called  renal  hemophilia,1  has  been  described.  In  the  con- 
dition called  renal  varix2  characterized  by  angiomatous  dilatation  of  the 
vessels  of  the  renal  papillae,  hematuria  is  usually  present;  it  may  be  con- 
tinuous or  interrupted  and  is  sometimes  severe.  Hemorrhage  from  the 
conducting  portions  of  the  urinary  organs  may  be  due  to  trauma,  calculi, 
ruptured  varicose  vessels,  certain  diseases  of  the  prostate,  and  tumors! 
Among  the  neoplasms,  papilloma,  hypernephroma,  and  cancer  are  the  most 
frequent  causes.  Parasitic  hematuria  is  due  to  the  Bilharzia  hematobia, 
and  occurs  in  venal  distomatosis;3  hydatid  disease  of  the  kidney  may  be 
attended  by  hemorrhage.  When  the  blood  comes  from  the  kidney,  it  is 

1 Douglas,  Surgical  Diseases  of  the  Abdomen,  1903,  p.  571.  Leube,  Deut.  med 
Woch.,  1905,  xxxi,  No.  3.  Schenck,  Med.  News,  Dec.  24,  1904,  p.  1206.’ 

2 Pilcher,  Annals  of  Surgery,  May,  1909. 

3 See  p.  179. 
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uniformly  distributed  in  the  urine,  which  is  rendered  smoky  by  conversion 
of  the  hemoglobin  into  acid-hematin  and  methemoglobin.  Blood  casts 
and  other  evidences  of  renal  involvement  are  usually  present. 

The  term  albuminuria1  is  applied  to  that  condition  in  which  serum- 
albumin  or  globulin,  or  both,  occur  in  the  urine.  Two  forms  are  recog- 
nized— physiologic  and  pathologic.  In  health,  by  delicate  tests,  a trace 
of  albumin  may  be  demonstrated  in  the  urine,  particularly  after  exertion 
and  the  ingestion  of  highly  albuminous  food.  The  albuminuria  fol- 
lowing cold  baths,  and  particularly  ocean  bathing,  is  usually  classed  with 
the  physiologic  type.  The  so-called  physiologic  or  functional  albuminuria 
is  practically  always  of  brief  duration,  or  at  least  intermittent.  Al- 
buminuria to  be  of  pathologic  significance  must  be  susceptible  of  demon- 
stration by  relatively  crude  tests;  delicate  reactions  obtained  by  the  use  of 
methods  giving  positive  findings  in  urines  containing  minute  quantities 
of  albumin  are  usually  without  clinical  import. 

Postural,  orthostatic,  or  orthotic  albuminuria  is  frequently  demon- 
strable without  evidence  of  renal  lesions.  In  these  cases  albumin  ap- 
pears in  the  urine  shortly  after  rising,  often  in  the  first  hour,  and  is  not 
present  in  urine  secreted  when  the  patient  is  recumbent.  The  condition 
has  been  attributed  to  changes  in  blood  pressure  within  the  kidney,  to 
movements  of  the  kidney,  and  to  congenital  abnormality  or  hypersus- 
ceptibility of  the  renal  epithelium.  It  is  also  called  cylic  albuminuria. 
Incidental  albuminuria  results  from  the  addition  of  albumin  to  the  urine  as  a 
result  of  diseases  affecting  the  conducting  passages,  and  arises  from  essen- 
tially the  same  causes  as  the  analogous  type  of  hematuria,  which  has  al- 
ready been  discussed. 

Pathologic  albuminuria  of  renal  origin  may  be  accepted  as  always 
indicating  some  structural  alteration  in  the  kidney.  It  accompanies 
hyperemia  and  congestion,  is  very  frequently  associated  with  febrile 
processes  and  toxic  conditions,  and  is  almost  constantly  present  in  in- 
flammation of  the  kidney.  A number  of  observers,  and  more  recently 
Cabot,  have  shown  that  nephritis  may  occur  without  albuminuria, 
and  that  often  the  amount  of  albumin  in  the  urine  bears  no  relation  to 
the  intensity  of  the  renal  inflammation.  With  regard  to  the  exact  nature 
of  albuminuria  we  are  indifferently  informed.  Authorities  are  not  agreed 
as  to  whether  it  is  a transudate,  an  exudate,  or  a secretory  product  of 
the  altered  renal  tissue.  The  fact  that  foreign  albumins  thrown  into  the 
blood  quickly  appear  in  the  urine  indicates  that  the  epithelial  cells  are 
able  to  secrete  this  form  of  proteid  matter;  that  they  do  so  in  disease  is  not 
established.  The  occurrence  of  albuminuria  in  connection  with  the  height- 
ened tension  of  renal  congestion  and  hyperemia  suggests  transudation, 
and  the  frequent  abundance  of  albumin  in  the  urine  from  kidneys  in  which 
admittedly  exudative  inflammations  are  in  progress  may  be  taken  as  es- 
tablishing its  production  by  exudation.  The  three  illustrations  just 
mentioned,  and  others  that  might  be  given,  clearly  indicate  that  the 
albumin  does  not  always  result  from  the  same  primitive  change  in  the 
kidney.  Of  the  common  protein  bodies  found  in  urine  serum  albumin 
and  serum  globulin  are  most  significant  of  renal  lesions. 

1 Rumpf.  Munch,  med.  Woch.,  Feb.  28,  1905,  p.  393.  Teissier,  Rev.  de  Med.> 
April  10,  1905,  p.  233.  Tunis,  Amer.  Jour.  Med.  Sci.,  July,  1906.  Meltzer,  New 
York  Med.  Jour.,  July  28,  1906,  p.  171.  Heubner,  Berl.  klin.  Woch.,  Jan.  7,  1907. 
Ballenger,  Med.  Record,  Nov.  30,  1907.  Monier,  These  de  Lyon,  1909.  Vas,  Deut. 
med.  Woch.,  Aug.  26,  1909.  Furbringer,  Deut.  med.  Woch.,  Nov.  25,  1909.  Jageroos, 
Arch.  f.  Gyn.,  xci,  H.  1,  1910.  Hooker,  Arch.  Intern.  Med.,  May,  1910,  p.  491. 


DISEASES  OF  THE  URINARY  ORGANS. 


651 

Renal  casts1  are  cylindric  bodies  formed  in  the  uriniferous  tubules, 
from  which  they  are  discharged  into  the  urine.  Of  the  many  suggested 
methods  by  which  they  are  produced,  three  are  deserving  of  mention. 
Rovida  believed  they  were  derived  from  epithelial  cells,  and,  in  a sense, 
were  secretory  products.  Key  and  also  Bayer  conceded  the  epithelial 
origin  of  these  bodies,  but  thought  they  resulted  from  destructive  met- 
amorphosis of  the  renal  epithelium.  Following  Traube,  many  have  con- 
tended that  they  are  solidified  exudates  and  always  due  to  inflammation. 
The  theory  that  they  are  composed  of  albumin,  solidified  in  the  tubules 
by  the  action  of  urine,  is  suggestive  of  their  exudative  origin.  Micro- 
chemically  it  is  possible  to  demonstrate  that  some  of  the  casts  contain 
mucin,  others  give  the  reaction  for  fibrin,  and  many  contain  fat.  These 
facts,  however,  do  not  elucidate  their  origin ; it  is  probable  that  they  arise 
in  more  than  onemf  the  ways  suggested,  and  that  under  different  conditions 
the  process  by  which  they  are  formed  is  not  always  the  same.  Casts 
containing  blood  are  called  blood  casts.  When  the  epithelial  cells,  adhering 
to,  or  forming  part  of,  the  structure,  can  be  identified,  they  are  known  as 
epithelial  casts.  The  granular  cast  probably  results  from  degeneration  of 
epithelial  cells  and  other  structures,  possibly  leukocytes,  attached  to  or 
forming  part  of  the  cast.  In  a similar  way  fatty  change  gives  rise  to  fatty 
casts.  Large,  rigid,  highly  retractile  cylinders  of  this  type  are  called 
waxy  casts.  Hyaline  casts  are  usually  smaller,  structureless,  and  difficult 
to  recognize.  It  is  not  improbable  that  the  body  or  core  of  other  forms 
of  casts  is  composed  of  a substance  resembling,  or  identical  with,  that 
found  in  the  hyaline  cast.  Casts  composed  of  leukocytes,  and  others 
containing  numerous  bacteria,  occasionally  are  found  in  the  urine.2  It 
is  well  known  that  on  standing  casts  may  disappear  from  the  urine,  and 
that  they  are  most  abundant  in  specimens  freshly  voided.  In  the  presence 
of  pus  they  rapidly  disintegrate,  and  the  larger  the  number  of  bacteria, 
the  more  rapid  the  disintegration.  Treutlein3  has  shown  that  some 
bacteria  are  more  active  than  others  in  the  destruction  of  casts.  He  calls 
the  process  cylindrolysis. 

Nephritis  or  inflammation  of  the  kidney  includes  a number  of  the  most 
important  diseases,  and  at  the  same  time,  because  of  its  varied  manifesta- 
tions, offers  the  greatest  difficulty  in  the  systematic  grouping  of  the  various 
forms.  In  the  present  state  of  our  knowledge  it  is  impossible  to  say  ex- 
actly what  changes  in  the  kidney  are  inflammatory  and  thereby  draw  a 
sharp  line  between  nephritis  and  the  degeneration  and  necroses  that 
affect  the  organ.  Clinically,  it  is  possible  to  recognize  acute  and  chronic 
forms,  and  usually  the  anatomic  changes  enable  us  to  differentiate  the 
organs  resulting  from  recent  active  inflammatory  processes,  from  those  in 
which  the  affection  is  of  longer  duration.  In  some  inflammations  of  the 
kidney  inflammatory  exudates  are  formed  within  the  tubules  or  in  the 
interstitial  structure,  and  to  such  processes  the  name  exudative  nephri- 
tis has  been  applied.  In  other  cases,  often  without  marked  alteration 
in  the  epithelium  of  the  organ,  particularly  in  the  earlier  stages,  there 
is  a notable  increase  in  the  fibrous  tissue  between  the  tubules,  justifying 
the  term  productive  nephritis.  In  still  another  group  of  cases  exudation 

1 Coplin,  Phila.  Med.  Jour.,  March  8,  1902.  Gaillard,  These  de  Paris,  1905. 
Philosofoff,  Roussky  Vratch,  Dec.  17,  1905.  Wallenstein,  Zeits.  f.  klin.  Med.,  Bd. 
lviii.  p.  296. 

2 For  methods  of  demonstration  and  illustrations  showing  different  forms  of 
casts  see  chapter  on  Examination  of  the  Urine  at  the  end  of  this  volume. 

3 Munch,  med.  Woch.,  1903,  No.  35. 
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is  absent  or  but  slight,  and  retrograde  changes  in  the  epithelium  con- 
spicuous; these  have  been  called  degenerative  inflammations.  Occa- 
sionally exudative,  productive,  and  degenerative  lesions  affect  the  same 
organ,  giving  rise  to  an  extremely  confusing  anatomic  picture  that  does 
not  adapt  itself  to  any  one  of  the  previously  mentioned  groups.  As  is 
well  known,  the  kidney,  like  other  glandular  viscera,  is  composed  of  a 
connective-tissue  framework  in  which  are  distributed  the  blood-vessels, 
lymphatics,  and  nerves;  this  structure  is  called  the  interstitial  tissue. 
The  part  of  the  kidney  which  accomplishes  secretion  is  the  epithelium 
lining  the  tubules  and  the  Malpighian  tufts;  this  constitutes  the  parenchyma 
of  the  organ.  The  recognition  of  the  two  types  of  tissue  led  to  the  class- 
ification of  renal  inflammations  based  upon  this  fact.  Interstitial  nephritis 
was  supposed  to  have  its  origin,  and  to  induce  its  conspicuous  changes,  in 
the  interstitial  tissue.  Parenchymatous  nephritis,  on  the- other  hand,  was 
presumed  to  arise  in,  and  to  be  largely  restricted  to,  the  epithelium  of  the 
tubules,  and  hence  by  some  writers  it  is  called  catarrhal  nephritis.  It 
was  soon  recognized  that,  neither  clinically  nor  anatomically,  is  it  possible 
to  establish  a form  of  renal  inflammation  affecting  either  the  interstitial 
tissue  or  the  tubular  tissue  exclusively.  The  recognition  of  this  fact  led 
to  a further  group  in  which  both  the  interstitial  and  the  parenchymatous 
structures  were  involved,  and  to  which  the  name  diffuse  nephritis  has  been 
given. 

All  attempts  to  bring  order  out  of  this  chaos  have  been  unproductive 
of  satisfactory  results.  No  classification  of  renal  inflammations  has  met 
the  approval  of  both  clinicians  and  pathologists.  The  extremely  complex 
groupings,  rendered  possible  by  an  accurate  knowledge  of  the  morbid 
anatomy,  do  not  yield  themselves  to  the  clinical  picture  encountered  in 
the  sick.  A workable  classification  of  renal  inflammation  and  degen- 
eration based  on  the  morbid  anatomy  alone  is  at  present  unattain- 
able; on  the  other  hand  no  adequate  descriptive  grouping  can  ignore 
the  morbid  anatomy.  For  this  reason  I shall  adopt  a classification  of 
renal  lesions  into  forms  that  can  be  recognized  clinically,  and  will  at  the 
same  time  point  out  the  anatomic  differences  upon  which  more  detailed 
subdivisions  may  be  made.  I shall  consider — (1)  the  acute  suppurative 
interstitial  nephritis.  (2)  Acute  Bright’s  disease  or  acute  diffuse  nephritis, 
with  which  I shall  include  the  acute  nonsuppurative  interstitial  nephritis 
and  the  acute  parenchymatous  nephritis.  (3)  Chronic  diffuse  nephritis, 
embracing  both  the  large  white  and  the  small  white  kidney,  is  a so  called 
chronic  parenchymatous  nephritis.  (4)  Chronic  interstitial  nephritis. 
This  classification1  must  be  regarded  as  provisional,  adapting  itself  to  the 
recognized  clinical  forms  of  nephritis  and  offering  an  acceptable  basis  for 
appropriate  description  of  the  lesions  observed. 

Acute  suppurative  nephritis  is  an  inflammation  of  the  kidney  attended 
by  the  production  of  an  exudate  in  which  polymorphonuclear  leukocytes 
predominate.  Primarily  the  process  is  intertubular,  and  might  with 
propriety  be  called  acute  suppurative  interstitial  nephritis.  In  some  cases 
definite  abscess  formation  results,  circumscribed  or  focal  suppurative 
nephritis,  while  in  others  the  suppuration  seems  more  diffuse,  diffuse 

1 Councilman,  Jour.  Amer.  Med.  Assoc.,  Jan.  13,  1906.  Bradford,  Brit.  Med. 
Jour.,  March  30,  1907,  p.  725.  Pearce  and  Sawyer,  Jour.  Med.  Research,  Oct.,  1908. 
Maragliano,  Gazz.  degli  Osped.,  Oct.  7,  1909.  Casper,  Miinch.  med.  Woch.,  Oct.  19, 
1909.  Christian,  Jour.  Amer.  Med.  Assoc.,  Nov.  27,  1909,  p.  1792.  Pearce,  Arch, 
f.  Intern.  Med.,  Feb.,  1910,  p.  133.  Allbutt,  Brit.  Med.  Jour.,  April  25,  1911,  p.  853. 
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suppurative  nephritis.  Necessarily  the  process  is  due  to  infection  by 
pyogenic  bacteria.  These  organisms  may  reach  the  kidney  by  extension 
from  the  pelvis  (pyelonephritis),  by  invasion  from  the  perinephric  tissues, 
and  by  the  blood;  the  last  is  the  usual  path.  The  bacteria  commonly 
present  are  streptococci,  pneumococci,  staphylococci,  the  Bacillus  coli, 
and  the  typhoid  bacillus.  Something  in  the  virulence  of  the  organism, 
in  the  susceptibility  of  the  patient,  or  something  in  the  associated  intoxica- 
tion, seems  necessary  to  produce  definite  colonization  from  hematogenous 
infection.  It  is  well  known  that  in  typhoid  and  pneumonia  the  specific 
organism  is  commonly  present  in  the  blood,  and  still  acute  suppurative 


Fig.  312. — Kidney,  Acute  Suppurative  Interstitial  Nephritis. 

A and  B.  Distended  blood-vessels;  the  numerous  leukocytes  mixed  with  the  erythrocytes  are  almost  ex- 
clusively of  the  polymorphonuclear  type,  and  the  same  cells  form  the  major  portion  of  the  inter- 
tubular exudate,  although  a few  red  cells  have  also  escaped.  The  swelling  is  indicated  by  the  disso- 
ciation of  the  interstitial  tissue.  The  variation  in  size  manifested  by  the  red  cells  is  the  result  of  sec- 
tioning, many  of  them  having  been  divided  by  the  knife.  C.  Tubule  which  has  shed  most  of  its 
epithelium;  the  remaining  cells  in  this  tubule  and  those  present  in  other  tubules  are  advancedly  gran- 
ular, evidently  necrotic. 


nephritis  may  be  regarded  as  an  infrequent  complication  of  these  condi- 
tions, while  the  nonsuppurative  form  of  interstitial  nephritis  occurs  much 
more  commonly.  It  may  be  that  congenital  peculiarity1  determines  un- 
usual susceptibility,  but  probably  the  question  of  intensity  of  infection 
and  lessened  resistance  on  the  part  of  the  tissues  are  the  important  factors. 
A true  suppurative  nephritis  occasionally  accompanies  diphtheria  and 
scarlet  fever,  in  which  conditions  it  often  appears  to  be  implanted  upon  an 
acute  parenchymatous  or  acute  nonsuppurative  lesion.  In  pyemia  and 
septicemia,  and  in  processes  associated  with  the  presence  of  infected  em- 
boli, an  acute  suppurative  nephritis  progressing  to  abscess  formation  is  not 
infrequently  present. 

1 For  suggestive  paper  dealing  with  the  susceptibilities  to  nephritis  see  Castaigne 
and  Rathery,  La  Sem.  M6d.,  1903,  p.  309. 


654 


SPECIAL  PATHOLOGY. 


Morbid  Anatomy. — In  the  absence  of  recognizable  abscesses  the  macro- 
scopic differentiation  of  this  condition  is  often  most  difficult  and  some- 
times impossible.  The  organ  is  usually  enlarged — sometimes  the  swelling 
is  extremely  marked;  the  capsule  is  tense,  and  occasionally  underlying 
grayish  or  yellowish-white  miliary  abscesses  may  be  recognized.  When 
incised,  the  capsule  retracts  and  the  cortex  bulges;  the  resistance  to  incision 
is  not  increased.  The  appearance  of  the  cut  surface  is  rarely  the  same  in 
any  two  cases.  In  some  instances  it  is  pale,  in  others  hyperemic,  and 
may  drip  blood,  particularly  if  the  condition  be  associated  with  an  acute 
diffuse  lesion.  Where  the  infection  has  extended  from  the  pelvis  (pyelone- 
phritis), the  lines  of  suppuration  may  often  be  traced  in  the  pyramids  and 
extending  upward  into  the  cortex ; they  consist  of  grayish,  white,  or  whitish- 
yellow  striae  radiating  from  the  apex  of  the  pyramid.  When  miliary 
abscesses  are  present,  the  incised  surface  is  dotted  with  yellowish  or 
yellowish-white  bodies  i mm.  to  2 mm.  in  diameter;  in  some  points  these 
may  have  become  confluent,  producing  abscesses  of  larger  size.  The 
embolic  abscesses  may  be  distinctly  conical  or  confluence  may  give  rise  to 
irregular  areas  of  suppuration.  In  hematogenous  infection,  unattended 
by  macroscopic  evidences  of  embolism,  suppuration  is  frequently  con- 
spicuous in  the  areas  of  the  labyrinth,  some  of  which  may  be  outlined  with 
remarkable  clearness.  In  some  instances  of  infection  from  the  blood, 
striae  in  the  pyramids  result  from  interstitial  suppuration  between  the 
straight  tubules,  which  may  also  be  due  to  extension  from  the  tubules, 
carrying  bacteria  derived  from  centers  of  infection  in  the  areas  of  the 
labyrinth. 

The  histology  of  acute  suppurative  nephritis  is  almost  as  varied  as  the 
gross  anatomy,  but  the  affection  is  constantly  differentiated  from  other 
forms  of  nephritis  by  the  enormous  numbers  of  polymorphonuclear 
leukocytes  observed  in  the  lesion.  Other  white  blood-cells  may  be  present, 
but,  when  compared  with  the  predominant  pus-cell,  are  never  numerous. 
The  enlargement  of  the  organ  is  due  to  a marked  intertubular  swelling 
and  cell  accumulation.  Necessarily  the  parenchyma  suffers  in  direct 
proportion  to  the  intensity  of  the  process.  In  the  beginning  of  the  lesion, 
or  toward  the  margin  of  defined  abscesses,  the  tubular  epithelium  is 
found  necrotic,  granular,  and  desquamating;  often  distinct  casts  composed 
of  the  necrotic  cells  are  observed  within  the  tubes;  many  of  the  affected 
tubules  contain  cylinders  in  which  the  number  of  polymorphonuclear 
leukocytes  is  sufficient  to  justify  the  name  pus  casts.  In  the  Malpighian 
tufts  definite  emboli  may  be  recognized,  and  sometimes  hyaline  thrombi 
are  present;  there  is  practically  always  a cellular  exudate  into  the  cavity 
of  the  tuft,  and  within  this  numerous  polymorphonuclear  leukocytes  are 
frequently  found.  Throughout  the  lesions  the  causative  bacteria  are 
present  in  varying  numbers;  in  some  cases  bacterial  plugs,  or  definite 
colonies,  may  be  recognized  in  the  capillaries,  especially  of  the  tuft;  in 
other  cases  the  number  of  bacteria  is  small  and  the  organisms  proportion- 
ately difficult  to  find.  It  is  well  known  that  the  acute  diffuse  and  acute 
nonsuppurative  interstitial  nephritis  may  involve  kidneys  which,  by  all 
the  methods  at  our  disposal,  appear  sterile.  I do  not  believe  that  acute 
suppurative  nephritis  ever  occurs  in  the  absence  of  bacteria  within  the 
lesion.  Occasionally  a large  amount  of  blood  will  be  found  diffused 
through  such  kidneys,  thereby  constituting  a form  of  hemorrhagic  neph- 
ritis; such  cases  are  rare. 
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Under  the  term  acute  Bright’s  disease1  or  acute  diffuse  nephritis 

I shall  include  the  renal  inflammations  to  which  the  names  acute  paren- 
chymatous nephritis,  acute  degenerative  nephritis,  acute  tubular  nephritis, 
acute  catarrhal  nephritis,  fibrinous  nephritis,  and  acute  desquamative 
nephritis,  have  been  applied.  I shall  also  place  with  this  group  the 
anatomic  form  which  justifies  the  name  acute  nonsuppurative  inter- 
stitial nephritis.  Councilman  is  clearly  correct  in  maintaining  a distinct 
anatomic  position  for  this  type  of  renal  inflammation,  but  I am  advised 
by  clinicians  (Tyson  takes  this  view)  that  it  offers  no  symptomatic  phe- 
nomena by  which  it  can  be  distinguished  from  closely  allied  conditions. 

Acute  nephritis  is  a manifestation  of  renal  irritation,  and  the  irri- 
tants that  may  give  rise  to  the  condition  are  many  and  varied.  Appa- 
rently kidneys  do  not  produce  the  irritants  inducing  nephritis,  conse- 
quently acute  nephritis,  indeed  all  forms  of  nephritis,  may  be  looked 
upon  as  secondary  to  something  else,  namely,  the  presence  of  a toxic 
substance  entering  the  body  from  without,  elaborated  by  bacteria  or 
animal  parasites,  or  produced  by  some  perversion  of  tissue  metabolism. 
The  following  factors  may  be  considered: — Of  the  large  number  of  medic- 
aments enumerated  by  Sollmann  as  capable  of  producing  nephritis,  turpen- 
tine, cantharides,  potassium  chlorate,  carbolic  acid,  less  commonly  cubebs 
and  copaiba,  and  certain  metals,  among  which  should  be  mentioned 
arsenic,  mercury,  phosphorus,  and  the  salts  of  chromium,  are  especially 
important.  The  influence  of  cold  and  exposure  has  been  variously  esti- 
mated; the  statement  that  “a  man  gets  drunk,  sleeps  in  a ditch,  and  passes 
bloody  urine  the  next  morning”  has  been  very  generally  accepted  as  epito- 
mizing a clinical  observation.  Such  influences  probably  act  by  suppress- 
ing cutaneous  secretion  and  proportionately  increasing  the  quantity,  and 
possibly  altering  the  character,  of  the  irritants  which  the  kidney  must 
excrete.  This  necessarily  enhances  the  renal  irritation  and,  if  not  actually 
productive  of  inflammation,  must  increase  tissue  susceptibility  to  other 
factors  giving  rise  to  acute  nephritis.  An  acute  inflammation  of  this  type 
sometimes  accompanies  gestation,  in  which  condition  it  is  probably 
a part  of  the  toxemia  of  pregnancy  to  which  I have  referred  on  page  38. 
Clinically  nephritis  of  the  acute  type  is  so  frequently  associated  with  certain 
infectious  diseases,  especially  scarlet  fever  and  diphtheria,  that  it  is  some- 
times referred  to  as  postdiphtherial  or  postscarlatinal  nephritis.  Acute 
renal  inflammation  is  a frequent  manifestation  in  puerperal  and  other 
forms  of  sepsis,  which,  with  propriety,  may  be  considered  with  the  infectious 
diseases.  Miller  has  been  able  to  collect  forty  cases  of  influenzal  nephritis 
in  which  the  renal  manifestation  sometimes  assumed  a hemorrhagic  type. 
Welch  and  Schamberg  found  albumin  in  sixty-five  per  cent,  of  the  cases  of 
smallpox,  and  in  forty-five  per  cent,  casts  were  also  present.  As  a rule, 
variolous  nephritis  is  less  intense  than  that  occurring  in  scarlet  fever. 
Pneumonia,  both  croupous  and  bronchial,  more  commonly  the  former, 
may  also  give  rise  to  the  condition.  The  nephritis  accompan)dng  erysip- 
elas may  be  of  this  type  or  it  may  be  acute  suppurative,  and  in  some  cases 
both  lesions  are  concurrent.  Acute  nephritis  may  be  produced  by  the 
injection  of  bacterial  toxins,  especially  those  derived  from  the  diphtheria 

1 Chapman,  Jour.  Path,  and  Bact.,  June,  1906.  Loehlein,  Arbeit,  a.  d.  pathol. 
Inst.,  Leipzig,  H.  4,  1907.  Christian,  Boston  Med.  and  Surg.  Jour.,  July  2,  1908, 
p.  8.  Pearce  and  Sawyer,  Jour.  Med.  Research,  Oct.,  1908.  Peruzzi,  Lo  Sperim., 
1909,  lxiii,  p.  659.  Green,  Jour.  Path,  and  Bact.,  Jan.,  1909,  p.  296.  Pearce,  Hill 
and  Eisenbrey,  Jour.  Exper.  Med.,  vol.  xii,  No.  2,  1910. 
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bacillus.  In  the  infectious  diseases  often  accompanied  by  acute  nephritis, 
it  seems  reasonably  evident  that  the  renal  disturbance  is  due  to  the  action 
of  toxic  substances  reaching  the  kidney  by  the  blood.  The  nephritis 
occasionally  accompanying  syphilis1  may  be  of  this  type.  It  is  sometimes 
difficult  to  say  whether  the  inflammation  is  due  to  the  syphilis  or  to  the 
mercury  used  in  treatment;  as  some  cases  recover  during  the 'continuous 
administration  of  the  remedy,  it  is  evident  that  the  latter  is  not  the  cause 
in  all  instances.  It  is  to  be  remembered  that  syphilis  may  also  induce 
chronic  forms  of  nephritis.  The  acute  inflammation  accompanying 
syphilis  is  frequently  hemorrhagic,  and  the  amount  of  albumin  present  is 
sometimes  enormous;  in  the  case  reported  by  Hoffman,  the  urine  contained 
eight  per  cent,  (by  weight)  of  albumin. 

The  foregoing  summary  of  the  conditions  under  which  acute  nephritis 
may  occur  clearly  indicates  that  we  cannot  look  upon  the  disease  as 
etiologically  specific.  It  is  a result  of  the  action  of  irritants  upon  the 
kidney,  and  as  these  substances  differ  in  kind,  and  in  intensity  of  action, 
the  varied  morbid  anatomy,  and  somewhat  inconstant  symptomatology, 
could,  with  safety,  be  predicted.  Vaughan  proposes  to  call  the  poisons 
producing  necrosis  and  inflammation  of  the  kidney  nephrolysins ; un- 
fortunately, the  term  has  been  used  with  a slightly  different  meaning  and 
cannot  be  applied  without  danger  of  confusion.  Lindemann,  by  sub- 
jecting guinea-pigs  to  hypodermic  injections  of  emulsions  prepared  from 
the  kidneys  of  rabbits,  obtained,  from  the  treated  animals,  a nephrolytic 
serum2  capable  of  producing  albuminuria  and  renal  inflammation  when 
injected  into  dogs. 

Morbid  Anatomy. — Both  kidneys  are  affected,  but  often  to  different 
degrees.  The  appearances  observed  postmortem  are  modified  by  the 
duration  and  intensity  of  the  process,  the  presence  or  absence  of  com- 
plications, and  also  the  previous  condition  of  the  affected  organ.  In 
the  earlier  stages  the  kidney  may  show  no  conspicuous  alteration,  or 
at  least  nothing  indicative  of  this  form  of  nephritis;  usually  such  organs 
are  intensely  hyperemic  and  mottled,  but  they  may  be  pale.  At  this  time 
exudative  phenomena  are  absent  and  the  lesion  resembles  necrosis  more  than 
inflammation.  No  doubt  the  examination  of  such  organs  led  Banti  and 
others  to  deny  the  inflammatory  nature  of  nephritis  and  to  adopt  March- 
and’s  appellation  nephrosis.  Unfortunately  the  term  entering  into  such 
well  established  names  as  hydronephrosis  and  pyonephrosis  would,  if 
introduced  to  cover  an  entirely  distinct  lesion,  make  for  further  confusion 
where  plenty  already  exists. 

When  acute  nephritis  is  fully  developed,  the  kidney  is  swollen,  often 
conspicuously  enlarged,  the  capsule  tense  and  immediately  retracting  on 
incision.  In  the  absence  of  any  complicating  factor  the  capsule  is  less 
firmly  attached  than  normal  and  strips  off  readily.  In  the  presence  of 
marked  edema  the  capsular  adhesion  is  very  much  less  firm  than  in  normal 
kidneys.  The  resistance  to  incision  is  less  than  in  health  and  the  incised 
surface  bulges.  The  evident  increased  tension  is  often  made  apparent  by 

1 See  Hoffman,  Berl.  klin.  Woch.,  March  3,  1902.  Waldvogel,  Deut.  med.  Woch., 
Oct.  30,  1902.  Wagner,  Munch,  med.  Woch.,  Dec.  16  and  Dec.  23,  1902,  p.  2150, 
Miihlig,  Munch,  med.  Woch.,  March  24,  1903,  p.  505.  Carpenter,  Lancet,  Aug.  15, 
1903,  p.  473.  Sutherland  and  Walker,  Brit.  Med.  Jour.,  April  25,  1903,  p.  959. 
Schlechtendahl,  Wien.  klin.  Rundschau,  Aug.  16,  1903.  Thiemann,  Munch,  med. 
Woch.,  Jan.  31,  1905. 

2 Schiiltze,  Deut.  med.  Woch.,  1900,  No.  27.  Ascoli  and  Figari,  Berl.  klin. 
Woch.,  June  16,  1902.  Pearce,  Jour,  of  Med.  Research,  1904,  vol.  xii,  p.  1. 


DISEASES  OF  THE  URINARY  ORGANS.  657 

the  bulging  which  follows  a slight  cut  through  the  capsule  of  a previously 
unopened  organ,  and  it  is  possible  that  the  pallor  sometimes  seen  is  partly 
due  to  the  blood  being  expressed  by  the  recoil  of  the  extremely  tense  capsule. 
In  the  presence  of  marked  hyperemia  and  associated  edema,  the  incised  sur- 
face may  drip  blood  or  bloody  serum.  Closer  inspection  shows  that  the 
swelling  is  most  conspicuous  in  the  cortex,  which  is  usually  greatly  broad- 
ened. When  the  hyperemia  is  not  intense,  the  areas  of  the  labyrinth  are 
redder  than  the  adjacent  cortical  pyramids  or  the  medulla;  this  gives 
rise  to  cortical  striation,  which  in  some  cases  is  conspicuous.  Punctate 
hemorrhages  are  sometimes  present.  As  the  disease  progresses  the  in- 
tense hyperemia  gradually  lessens  and  the  organ  becomes  paler.  In 
the  later  stages  it  is  often  possible  to  detect  cortical  striation  due  to  the 
necrotic  and  degenerative  changes  in  the  areas  of  the  labyrinth.  When 
such  retrograde  alterations  are  marked,  the  areas  containing  convoluted 
tubules  are  extremely  pale.  The  decapsulated  and  incised  surfaces  of 
the  organ  are  often  mottled,  due  to  different  degrees  of  hyperemia,  and 
areas  of  necrosis  and  degeneration  irregularly  distributed  in  the  super- 
ficial cortex  and  within  the  organ.  Often  the  Malpighian  bodies  cannot 
be  recognized;  in  other  cases  they  are  pale  and  bloodless,  but  when  in- 
volved in  the  inflammatory  process  they  appear  dark  and  intensely  hyper- 
emic  in  the  earlier  stages  and  later  become  pale  from  the  presence  of  the 
exudate  and  associated  necrosis  and  degeneration.  The  pelvis  of  the 
kidney  is  occasionally  the  seat  of  well-marked  inflammation;  the  mucosa 
may  be  red  and  injected  and  manifest  the  usual  evidences  of  an  acute 
catarrhal  inflammation.  In  rare  cases  a distinct  pseudomembrane  is 
present.  Hemorrhages  in  the  renal  bed  are  infrequent,  and  when  present 
are  usually  petechial  or  ecchymotic.  (See  Plate  X,  Figs.  2 and  4.) 

The  histologic  changes  are  also  varied.  In  some  cases,  and  it  is 
probable  that  this  is  a beginning  inflammation,  the  interstitial  change 
is  slight — scarcely  perceptible.  The  renal  epithelium  is  granular,  ne- 
crotic, and  desquamating;  granular  casts  can  be  seen  in  the  tubes  and 
sometimes  blood  casts  are  present.  The  epithelium  of  the  Malpighian 
tufts  is  also  swollen,  and  there  may  be  some  evidence  of  exfoliation.  It 
will  be  observed  that  the  brunt  of  the  process  falls  on  the  secreting  epithe- 
lium, and  hence  justifies  the  name  acute  parenchymatous  nephritis.  In 
another  group  of  cases  the  changes  in  the  epithelium  are  similar  to  those 
already  described,  the  hyperemia  is  much  more  intense,  and  cellular  exu- 
dation is  present  between  the  tubules.  In  some  of  these  cases  the  inter- 
cellular changes  are  most  conspicuous.  The  migrated  cells  are  mostly 
mononuclear  leukocytes,  and,  as  shown  by  Councilman,  Howard,  and  Lyon, 
plasma  cells1  are  often  exceedingly  abundant.  In  the  absence  of  frank 
infection  polymorphonuclear  leukocytes  are  not  numerous.  In  these 
cases  the  tubular  change  may  be  slight;  the  most  conspicuous  alteration 
is  exudation  in  the  intertubular  structures,  and  for  this  reason  the  condition 
has  been  called  acute  nonsuppurative  interstitial  nephritis.  It  must  not 
be  gathered,  however,  that  the  parenchyma  escapes;  the  parenchymatous 
changes  are  always  present  and  sometimes  marked,  and  in  this  sense  the 
lesion  is  an  acute  diffuse  nephritis,  involving  both  the  interstitial  and  the 
tubular  tissues.  Casts  are  numerous  within  the  tubules,  and  may  be  Granu- 
lar, epithelial,  leukocytic,  or  contain  red  blood-cells.  The  glomerular 
changes  in  the  different  forms  of  diffuse  nephritis  vary.  In  "the  acute, 
nonsuppurative  interstitial  nephritis  the  capillaries  of  the  tuft  contain 

1 These  bodies  are  described  on  p.  298. 
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but  few  or  no  red  cells.  Hyaline  thrombi  are  sometimes  present  and 
fibrin  may  be  demonstrated  within  and  around  the  tuft  and  sometimes 
in  the  interstitial  tissue.  In  glomerular  nephritis  the  tuft  changes  are 
most  conspicuous.  Mononuclear  cells,  many  of  which  are  the  plasma 
cell  type,  form  mantles  around  the  tuft;  the  epithelium  is  desquamating, 
and  a hyaline  or  granular  deposit  fills  the  space  between  the  mass  of 
convoluted  capillaries  and  the  capsule  of  Bowman.  The  desquamated 
epithelium  is  granular  and  late  in  the  affection  may  be  shown  to  contain 
fat.  Those  cases  of  nephritis  in  which  epithelial  desquamation  is  marked,' 
often  leaving  many  tubules  stripped  of  their  lining  cells,  have  been  called 
instances  of  acute  desquamating  nephritis  or  acute  catarrhal  nephritis. 


Fig.  313. — Kidney,  Acute,  Nonsuppurative,  Interstitial  Nephritis.  (Compare  with  Fig.  312.) 
A to  B.  Between  the  leaders  from  these  points  the  renal  architecture  has  been  largely  destroyed  and  re- 
placed by  leukocytes,  almost  exclusively  of  the  mononuclear  type.  C.  Small  vessel  containing  frag- 
mented red  blood-cells  and  an  excess  of  leukocytes,  one  of  which,  the  second  above  the  leader  is  a 
typical  polymorphonuclear  white  cell.  D.  Two  Tubules  from  which  the  epithelium  has  been  shed.  E. 
and  F.  Tubules  in  which  epithelial  desquamation  is  progressing;  the  alteration  is  more  marked  in  F. 
The  artist  has  brought  out  the  nuclei  of  epithelial  cells  with  unmerited  accentuation,  as  in  this  con- 
dition they  rarely  show  so  clearly. 

Bacteria  are  frequently  absent  in  this  form  of  renal  inflammation, 
and  it  has  been  clearly  established  that  they  are  in  no  way  necessary 
for  its  production.  Streptococci,  pneumococci,  staphylococci,  the  diph- 
theria bacillus,  typhoid  bacillus,  colon  bacillus,  influenza  bacillus,  gono- 
coccus, and  occasionally  other  organisms  are  found,  but  even  in  organs 
containing  bacteria  the  number  is  rarely  large.  Concerning  the  changes 
that  result  in  nonfatal  cases  we  possess  but  little  accurate  information. 
Baginsky  and  others  believe  that  they  have  been  able  to  trace  cases  of 
chronic  nephritis  to  an  acute  diffuse  lesion  of  the  type  now  under  con- 
sideration. Certainly  if  intertubular  changes  have  occurred — and  they 
are  present  in  most  cases — the  kidney  must  be  left  correspondingly 
damaged;  the  extent  of  the  injury,  however,  must  vary  widely,  and  no 
doubt  the  recuperative  power  of  many  individuals,  especially  children, 
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in  whom  the  disease  is  frequent,  is  able  to  establish  a physiologic  if  not 
structural  normal.  In  no  other  way  can  we  account  for  the  well-estab- 
lished clinical  fact  that  many  children  pass  through  an  attack  of  postscar- 
latinal  nephritis  and  never  afterward  manifest  any  symptom  indicative 
of  renal  lesion.  Others  are  less  fortunate,  the  affection  terminating  in  a 
subacute  or  chronic  diffuse  nephritis  from  which  recovery  rarely  ensues. 

Among  the  important  lesions  accompanying  acute  nephritis  special 
mention  should  be  made  of  dropsy  and  anemia,  both  of  which  are  ex- 
treme. The  dropsy  involves  the  subcutaneous  tissues  and  may  be  uni- 
versal; large  fluid  accumulations  frequently  form  in  the  serous  cavities; 
laryngeal  edema  is  sometimes  observed.  These  patients  occasionally 
develop  pericarditis,  pleurisy,  bronchitis,  bronchopneumonia,  or  even  a 
true  croupous  pneumonia;  it  is  probable  that  these  have  no  immediate 
connection  with  the  renal  condition  except  such  influence  as  is  manifested 
by  reduced  resistance  to  infection.  Myocardial  degenerations,  and  evi- 
dences of  cardiac  failure,  are  sometimes  observed;  occasionally  an  acute 
nonsuppurative  interstitial  myocarditis  is  present.  It  is  probable  that 
the  alterations  in  the  heart  muscle  are  produced  by  the  same  causes  as 
produced  the  nephritis,  and  are  therefore  independent;  they  are  no  doubt 
intensified  and  their  influence  prolonged  by  the  concurrent  renal  lesion. 
The  clinical  condition  called  uremia  is  often  present.  The  anemia  of 
Bright’s  disease  is  of  the  secondary  type  (see  p.  413). 

The  urinary  changes  accompanying  acute  nephritis 1 are  not  always 
the  same  and  in  some  cases  are  not  marked.  In  the  earlier  stages  the 
quantity  of  the  urine  is  diminished  and  in  some  cases  actual  suppression 
— anuria — occurs.  The  urine  secreted  in  small  quantities  is  usually  highly 
colored,  of  a high  specific  gravity,  a'nd,  from  the  admixture  of  blood, 
smoky  or  darker  in  hue.  In  the  earlier  stage  the  amount  of  albumin  is 
usually  abundant,  and  may  be  so  great  that  when  a small  test-tube  con- 
taining the  urine  is  immersed  in  boiling  water,  the  contents  solidify;  the 
quantity  of  albumin  becomes  less  as  the  case  advances,  and  later  may  be 
absent,  although  a microscopic  examination  of  the  urine  continues  to 
show  that  renal  changes  are  still  in  progress.  In  the  beginning  of  the 
attack  the  character  of  the  formed  elements  observed  in  the  urine  is 
determined  by  the  extent  of  the  hyperemia,  the  abundance  of  the  ex- 
udate, and  the  amount  of  renal  necrosis,  degeneration,  and  desquama- 
tion. Casts  are  usually  abundant,  and  may  be  composed  of  epithelium 
or  blood;  later  the  blood  casts  become  less  numerous,  although  epithelial, 
granular,  and  fatty  casts  linger  into  convalescence.  As  recovery  pro- 
ceeds the  epithelium  seen  in  the  casts  improves,  and  eventually  dis- 
appears; a few  hyaline  casts  continue  for  a short  time,  but  gradually 
no  more  can  be  found;  the  albumin  slowly  diminishes  and  eventually 
disappears,  the  reduction  in  urea  is  fully  made  up,  and  the  kidney  re- 
sumes its  normal  functions.  When  the  disease  is  progressing  into  the 
chronic  form,  the  epithelial  cells  occurring  in  the  casts  do  not  return  to 
anything  like  their  normal  condition,  but  remain  more  or  less  granular  and 
sometimes  fatty;  the  amount  of  urine  remains  diminished,  urea  excretion 
does  not  rise  to  the  normal,  and  albumin,  in  a varying  quantity,  persists. 

Chronic  diffuse  nephritis,2  also  called  chronic  parenchymatous  nephritis, 

1 For  technic  see  chapter  on  Examination  of  the  Urine;  the  varieties  of  casts  are 
shown  in  the  illustrations  accompanying  that  chapter. 

2 Bradford,  Lancet,  1901,  vol.  i,  1903,  vol.  ii,  and  1904,  vol.  ii.  Weber,  Lancet, 
April  26,  1902.  Senator,  Deut.  med.  Woch.,  Jan.  1,  1903.  Klotz,  Tour.  Med. 
Research,  Jan.,  1909. 
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chronic  tubular  nephritis,  chronic  catarrhal  nephritis,  chronic  desquamative 
nephritis,  chronic  epithelial  nephritis,  chronic  renal  degeneration,  and  in  one 
form,  large  white  kidney,  and  in  another,  small  white  kidney,  is  character- 
ized by  degeneration  of  the  renal  epithelium  and  in  some  cases  marked 
interstitial  changes.  It  is  possible  that  it  is  sometimes  a sequel  of  the  acute 
diffuse  nephritis;  commonly,  however,  it  comes  on  insidiously  without  any 
distinctly  antecedent  inflammatory  disturbance.  In  such  cases  it  has 
been  attributed  to  overwork  of  the  kidney  such  as  occurs  in  beer-drinkers 
and  consumers  of  large  quantities  of  alcohol.  It  is  probably  the  result  of 
a slowly  acting  but  long-continuing  irritation  incident  to  the  excretion 
of  some  toxic  substance.  It  is  probable  that  different  irritants  are  present 
in  different  cases.  It  is  sometimes  associated  with  chronic  suppuration  and 
chronic  infections,  such  as  tuberculosis  and  syphilis.  The  disease  occa- 
sionally follows  acute  febrile  processes,  and  it  has  been  observed  after 
prolonged  malarial  infection.  A similar,  apparently  identical  change  ac- 
companies amyloid,  disease  of  the  kidney,  and  occasionally  parenchy- 
matous nephritis  terminates  in  lardaceous  disease.  Chronic  diffuse  nephri- 
tis is  a disease  of  young  adults  and  occasionally  of  children. 

Morbid  Anatomy. — It  is  customary  to  recognize  two  forms  of  chronic 
diffuse  nephritis;  in  one  of  these  the  organ  is  large,  pale,  and  anemic, 
and  is  called  the  large  white  or  large  fatty  kidney;  in  the  other  form 
the  organ  is  small,  commonly  firm,  and  is  usually  anemic;  it  is  known 
as  the  small  white  kidney  or  pale  granular  kidney.  (See  Plate  X,  Fig.  3.) 

The  typical  large  white  kidney  is  of  rare  occurrence;  both  kidneys 
are  involved,  but  not  always  to  the  same  degree;  they  are  often  very  much 
enlarged  and  may  weigh  twice  the  normal.  Although  great  stress  is  laid 
upon  the  size  of  the  kidney,  it  is  often  but  little  enlarged.  Examination  of 
the  affected  organ  shows  that  it  is  pale,  white  or  yellowish-white,  the  cap- 
sule is  thin  and  may  appear  edematous;  the  stellate  veins  are  rendered 
more  conspicuous  by  the  pallor  of  the  underlying  tissues,  and  they  also 
appear  enlarged.  Sometimes  the  organ  is  edematous  and  pits  on  pressure; 
as  a rule,  however,  this  feature  is  absent.  The  renal  tissue  does  not  resist 
incision,  and  the  incised  surfaces  are  usually  pale  and  bloodless.  In  some 
cases,  however,  hemorrhages  into  the  kidney  occur;  this  phenomenon 
has  been  attributed  to  fatty  degeneration  of  the  capillary  walls;  it  may 
be  a manifestation  of  necrosis.  The  cortex  is  enormously  swollen  and 
may  be  as  broad  as  the  medulla.  As  soon  as  incised,  the  capsule  retracts, 
the  cortical  portion  bulges  forward,  and  the  pyramids  often  appear  de- 
pressed; usually  the  pallor  of  the  medullary  portion  is  less  evident  than 
that  of  the  cortex,  and  sometimes  the  pyramids  are  distinctly  pink.  The 
capside  strips  readily  and  the  surface  left  behind  is  smooth  and  slightly 
mottled. 

Histologically' the  epithelium  of  the  tubules  is  found  in  all  stages  of 
desquamation  and  granular  and  fatty  degeneration.  Many  of  the  con- 
voluted tubes  contain  hyaline,  fatty,  or  granular  casts.  In  others  the 
epithelium  is  absent.  Desquamation  and  degenerative  changes  are  usually 
manifest  in  the  epithelium  of  the  tufts.  The  capillaries  in  the  Malpighian 
bodies  are  frequently  the  seat  of  hyaline  degeneration  and  occasionally 
contain  hyaline  thrombi.  The  capsule  of  Bowman  is  rarely  normal, 
although  the  increase  in  connective  tissue  is  usually  slight.  Sometimes 
there  is  marked  intertubular  swelling,  but,  as  a rule,  the  interstitial  tissue 
contains  but  few  cells.  In  some  cases  the  tendency  toward  interstitial 
hemorrhage  is  quite  marked,  and  in  such  instances  numerous  erythrocytes 
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may  be  found  between  the  tubules.  The  areas  of  hemorrhage  are  small, 
rather  diffuse,  irregularly  distributed,  and  never  abundant.  I have  not 
been  able  to  satisfy  myself  that  there  is  fatty  degeneration  of  the  capil- 
laries; necrosis  is  probably  a factor;  the  hemorrhage  is  probably  due  to 
increased  arterial  tension  without  provisional  thickening  of  the  capillary 
wall,  the  support  of  which  is  lessened  by  the  degenerative  changes  in  the 
renal  parenchyma;  this  type  of  the  affection  is  sometimes  called  chronic 
hemorrhagic  parenchymatous  nephritis.  The  fact  that  the  toxic  substance 
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Fig.  314. — Chronic  Parenchymatous  Nephritis.  (J-inch  objective,  i-inch  ocular,  slightly  reduced.) 

Tissue  hardened  in  corrosive  sublimate,  infiltrated  with  paraffin,  and  stained  with  hematoxylin  and  eosin. 
a.  Malpighian  tuft,  containing  an  unusual  number  of  nuclei,  b,  b,  b.  Points  at  which  there  is  some 
slight  increase  in  the  interstitial  tissue.  This  is  not,  however,  at  any  point  marked,  c.  Tubule 
containing  granular,  degenerating,  epithelial  cells,  which  have  coalesced.  In  many  tubules  the  frag- 
mented and  desquamated  epithelial  cells  in  all  stages  of  granular  change  are  to  be  seen.  In  no  tubule 
are  the  epithelial  cells  normal  or  normally  arranged,  d.  Tubule  from  which  all  the  epithelium  has 
desquamated  and  been  discharged,  e.  Blood-vessel.  (Kidney  from  a case  of  tubal  nephritis  that 
terminated  in  death  from  eclampsia  at  the  end  of  eleven  weeks  after  the  appearance  of  the  first 
symptoms.) 


to  which  the  disease  is  due  seems  to  spend  its  influence  on  the  renal  epithe- 
lium justifies  the  names  given  to  indicate  this  feature,  such  as  parenchy- 
matous nephritis,  tubal  nephritis,  and  catarrhal  nephritis.  There  may 
be  some  doubt  as  to  whether  the  change  in  the  epithelium  is  fatty  de- 
generation or  a necrosis.  Analysis  of  a large  white  kidney  has  failed  to 
disclose  any  conspicuous  increase  in  the  fat-content  of  the  organ.  There 
seems  to  be  no  doubt  that  the  epithelial  cells  die  in  large  numbers,  although 
there  is  less  certainty  as  to  the  nature  of  the  process  by  which  they  are 
destroyed.  If  a thin  slab  of  such  a kidney  be  exposed  to  the  action  of 
osmic  acid,  the  medullary  portion  is  but  slightly  darkened,  the  cortico- 
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medullary  area  the  least  changed,  while  the  labyrinth  is  rendered  abso- 
lutely black.  Sections  of  a kidney  treated  in  this  manner  show  the  epithe- 
lial cells  loaded  with  brownish-black  or  black  bodies  indistinguishable 
from  fat.  Similar  changes  can  be  demonstrated  in  tube-casts. 

The  small  white  kidney  differs  from  the  preceding  in  that  its  surface 
is  granular,  its  capsule  more  adherent,  its  cortex  less  swollen;  indeed, 
the  latter  may  be  thinner  than  that  of  the  normal  organ;  the  kidney 
is  firm,  and  cuts  with  more  resistance  than  the  normal.  Histologically, 
the  same  tubular  and  tuft  changes  as  those  already  described  in  the  large 
white  kidney  are  present ; there  is,  however,  a notable  increase  in  the  connec- 
tive tissue,  more  marked  in  some  places  than  in 
others;  many  of  the  tufts  are  fibroid  and  atrophied, 
and  many  of  the  tubules  compressed  or  occluded  by 
contraction  of  the  newly  developed  connective  tissue; 
some  tubules  may  be  dilated. 

If  one  looks  merely  at  the  pathologic  picture  that 
this  type  represents,  he  is  led  to  view  the  condition 
as  one  of  chronic  tubular  inflammation,  with  super- 
added  interstitial  change.  As  will  be  seen  later,  there 
are  many  of  the  elements  present  that  accompany 
chronic  interstitial  nephritis,  and,  as  already  de- 
scribed, many  of  the  changes  constantly  associated 
with  parenchymatous  nephritis,  and  there  is  no 
reason,  either  etiologic  or  anatomic,  for  believing 
that  it  is  impossible  for  the  two  forms  of  nephritis  to 
intermingle.  At  present  this  question  cannot  be 
definitely  settled,  so  that  writers  variously  classify  the 
Nephritis?  d 1 f f u b e small  white  kidney,  some  holding  that  it  is  produced 
One-haif  normal  size,  in  a way  entirely  distinct  from  the  chronic  parenchy- 
wi?hSM^ch1i^efluitdeatm  matous  or  the  chronic  interstitial,  others  maintaining 
iaag^a5frearSestri^teed0r^to  that  it  is  but  a form  of  the  chronic  parenchymatous 
areas  of  labyrinth.  or  a tubular  lesion  ingrafted  on  an  interstitial 

nephritis,  or  a parenchymatous  nephritis  that  has  per- 
sisted sufficiently  long  to  develop  fibroid  changes  in  the  intertubular  con- 
nective tissue.  When  the  kidney  is  considered  as  a mucous  membrane,  the 
resemblance  between  the  changes  seen  in  the  submucosa  after  protracted 
inflammations  of  the  mucous  membranes  and  the  interstitial  changes 
observed  in  the  kidney  subsequent  to  a prolonged  inflammatory  lesion 
of  the  tubules  become  quite  evident. 

Chronic  diffuse  nephritis  is  almost  invariably  attended  by  dropsy. 
The  edema  may  be  slight  or  quite  marked.  It  is  usually  more  intense 
in  the  typic  large  white  kidney  than  when  the  organ  is  small  and  fibroid. 
Uremia  is  also  more  common  in  cases  of  large  white  than  small  white 
kidney.  Retinal  lesions  are  less  frequent  than  in  the  chronic  inter- 
stitial nephritis.  Hypertrophy  of  the  heart,  except  in  children,  is  rare, 
although  with  beginning  contraction  the  blood-pressure  is  slightly  ele- 
vated and  the  muscle  of. the  heart,  particularly  of  the  left  ventricle, 
usually  increased.  A marked  secondary  anemia  is  practically  always 
present. 

Changes  in  the  urine  accompanying  chronic  diffuse  nephritis:  Usu- 

ally the  urine  is  diminished  in  quantity,  and  sometimes  the  secretion 
for  the  twenty-four  hours  does  not  exceed  250  c.c.  In  other  cases  the 
daily  output  approximates  the  normal,  although  a careful  study  commonly 
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demonstrates  that  the  solids  fall  short.  The  specific  gravity  depends 
more  upon  the  quantity  than  upon  other  factors.  Usually  it  is  lower  than 
in  health.  The  quantity  of  albumin  varies,  but  is  commonly  large; 
occasionally  the  urine  contains  more  than  the  blood.  The  urea  excretion 
is  practically  always  below  the  normal,  and  is  less  influenced  by  diet  than 
is  the  secretion  from  unaltered  kidneys.  The  other  urinary  solids  are 
also  reduced;  the  chlorides  are  usually  reduced,  often  greatly  diminished. 
The  sediment  is  usually  abundant  and  rich  in  casts,  of  which  the  granular 
and  fatty  types  indicate  the  character  of  the  change  in  the  renal  epithelium. 
Hyaline  and  epithelial  casts  containing  leukocytes,  and  occasionally  blood 


Fig.  316. — Kidney  Showing  Chronic  Interstitial  Nephritis.  (Natural  size.) 

The  surface  is  granular  and  slightly  lobulated.  The  process  depicted  in  this  organ  is  not  so  advanced 

as  that  shown  in  figure  317. 


casts  are  present;  the  last-named  structures  are  particularly  abundant  in 
hemorrhagic  cases.  The  continued  presence  of  fatty  and  epithelial  casts 
is  the  best  indication  of  persisting  degenerative  changes  in  the  renal 
epithelium.  The  urinary  changes  of  the  small  white  kidney  are  less 
marked  than  when  the  renal  lesion  manifests  no  tendency  to  fibrosis. 

Chronic  interstitial  nephritis,1  also  called  chronic  productive  nephritis, 

1 See  Gaucher  and  Sargent,  Revue  de  Med,.  Jan.,  1901.  Nefedieff,  Annales  de 
l’lnst.  Pasteur,  Jan.  25,  1901.  Claude  and  Burthe,  Biochem.  Centralbl.,  Feb., 
1902.  Cyzhlarz,  Wien.  klin.  Rundschau,  1902,  No.  16,  p.  299.  Silberstein,  Inaug. 
Diss.,  Berlin,  1903.  Cassel,  Berk  klin.  Woch.,  1904,  No.  21.  Klineberger,  Munch, 
med.  Woch.,  Feb.  3,  1904,  p.  304.  Sawada,  Deut.  med.  Woch.,  March  17,  1904. 
Nettleship,  Royal  London  Ophthalmological  Hospital  Reports,  vol.  xvi,  p.  1. 
Vaquez  and  Aubertin,  Soc.  Med.,  des  Hop.,  July  28,  1905.  Alexandrescu,  Arch. 
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chronic  indurative  nephritis , contracting  or  contracted  kidney,  granular 
kidney,  fibroid  kidney,  cirrhotic  or  sclerotic  kidney,  gouty  kidney,  renal 
sclerosis,  and  occasionally  hob-nail  kidney,  is  a chronic  interstitial  inflam- 
mation of  the  organ  attended  by  notable  increase  in  the  intertubular  and 
periglomerular  connective  tissue. 

That  the  large  white  kidney,  already  described,  ever  becomes  con- 
verted into  the  kidney  at  present  under  consideration  seems  highly  im- 
probable, and  that  the  small  white  kidney  might  eventually  terminate  in 
a fibroid  organ  is  not  likely.  In  a large  majority  of  cases,  if  not  in  all, 
chronic  interstitial  nephritis  is  primary,  and  is  not  preceded  by  any  of  the 
lesions  already  considered.  There  may  be  no  apparent  cause;  heredity 
is  a possible  influence;  continual  excretion  of  irritant  materials  is  prob- 
ably the  most  constant  factor;  examples  of  this  are  to  be  noted  in  alco- 
holics, in  sufferers  from  gout  and  lithemia,  in  chronic  lead-poisoning,  and  in 
individuals  who  subsist  upon  a diet  composed  largely  of  substances  the 
metabolism  of  which  terminates  in  uric  acid.  Persistent  overwork  of  the 
kidney  may  be  placed  among  the  causes.  As  to  age,  the  phenomena  of  the 
disease  usually  manifest  themselves  only  in  advanced  life — forty  years  or 
later;  the  disease  is  rare  in  younger  individuals;  it  is  probable,  however, 
that  the  lesions  begin  much  earlier  than  the  clinical  data  would  seem  to 
indicate.  Nettleship  has  been  able  to  collect  80  cases  of  interstitial  neph- 
ritis in  patients  under  twenty-one  years  of  age,  and  Cassel  describes  an 
hereditary  syphilitic  interstitial  nephritis  occurring  in  children;  Rohn 
has  recorded  a case  of  unilateral  contracted  kidney  in  an  infant  three 
months  old;  Hirsh’s  patients  were  fifteen  and  eighteen  years  respectively. 
Furno1  has  shown  that  typical  senile  kidney  may  be  distinguished  from 
the  sclerotic  form;  the  senile  organ  is  small,  atrophic,  but  not  granular, 
and  without  cysts ; fibrosis  is  not  marked.  It  is  a wasted  but  not  sclerosed 
kidney.  In  many  old  people,  however,  chronic  interstitial  lesions  are  pres- 
ent. The  frequency  with  which  chronic  interstitial  nephritis  and  arter- 
iosclerosis are  associated,  and  the  fact  that  the  vascular  changes  within 
the  kidney  are  essentially  the  same  as  those  seen  in  the  arteries  elsewhere, 
strongly  suggest  a close  connection  between  the  two  conditions.  Gull  and 
Sutton  were  the  first  to  lay  particular  stress  upon  the  relation  between  the 
renal  and  vascular  changes,  and  to  suggest  that  both  were  part  of  a single 
complex  process.  At  a meeting  of  the  American  Medical  Association  in 
1904,  Prof.  Welch  exhibited  a kidney  the  two  poles  of  which  were  supplied 
by  different  arterial  branches;  one  artery  showed  arteriosclerosis  and  the 
corresponding  pole  of  the  kidney  was  granular.  Ligature  of  branches  of 
renal  artery  supplying  one  pole  of  the  kidney  produces  alterations  in  the 
area  involved  resembling  those  seen  in  chronic  interstitial  nephritis. 
Regional  thrombosis  of  the  renal  vessels  also  induces  similar  changes. 
Observers  agree  that  it  is  possible  to  recognize  a form  of  interstitial 
nephritis  consecutive  to  vascular  disease,  and  to  this  type  has  been  given 
the  name  arteriosclerotic  contracted  kidney. 

Morbid  Anatomy. — The  kidneys  are  diminished  in  size,  and  the  com- 
bined weight  may  not  exceed  100  to  125  grams;  usually  both  organs  are 

de  med.  experim.  et  d’anat.  pathol.,  Jan.,  1907.  Pearce,  Jour.  Exper.  Med.,  vol.  x, 
No.  6,  1908.  Emerson,  Arch.  Intern.  Med.,  June,  1908.  Fahr,  Virch.  Arch.,  Bd. 
cxcv,  H.  2,  1909,  p.  228.  Ditman,  New  York  Med.  Jour.,  May  15,  1909,  p.  1000. 
Ophuls,  Jour.  Med.  Research,  June,  1908.  Dickson,  Arch.  Intern.  Med.,  June  15. 
1909.  Levene,  Kristeller  and  Manson,  Jour.  Exper.  Med.,  vol.  xi,  No.  6,  1909, 
Barker  and  Hanes,  Amer.  Jour.  Med.  Sci.,  Oct.,  1909. 

1 Lo  Sperimentale,  lxiii,  1909. 


PLATE  X. 


Fig.  i. 

Kidney.  Chronic  Interstitial 
Nephritis.  See  p.  663.  ( Atlas  of 

Pathology,  Sydenham  Society.) 


Fig.  3. 

Kidney,  Chronic  Diffuse  Ne- 
phritis. See  p.  659.  ( Atlas  of 

Pathology,  Sydenham  Society.) 


Fig.  4. 

Part  of  Kidney,  Acute  Diffuse 
Nephritis.  See  p.  655.  From 
boy  9 years  old.  Scarlet  fever; 
death  on  the  twenty-second  day 
of  the  disease.  The  initial  stage 
of  engorgement  is  no  longer  pres- 
ent. {Atlas  of  Pathology,  Syden- 
ham Society.) 


Part  of  Kidney,  Subacute  Dif- 
fuse Nephritis.  Seep.  656.  From 
girl  6^  years  old.  Scarlet  fever; 
death  on  the  forty-seventh  day. 
More  advanced  degenerative 
change  than  in  figure  4.  {Atlas  of 
Pathology,  Sydenham  Society.) 
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not  equally  involved.  The  surface  of  the  kidney  is  uneven,  irregular,  and 
indurated,  and  the  capsrde  cannot  readily  be  cleared  of  the  perinephric 
fat.  The  organ  is  very  firm,  is  hard  and  slightly  elastic,  and  resists 
cutting  to  such  a degree  that  it  may  creak  under  the  knife;  the  color 
varies— it  is  usually  red  or  reddish,  or,  when  the  kidney  is  markedly 
anemic,  may  be  somewhat  pale;  it  never  possesses  the  yellowish,  fatty 
appearance  which  constantly  accompanies  chronic  parenchymatous  in- 
flammation. The  capsule  usually  strips  off  with  great  difficulty,  and 
it  is  firmly  adherent  to  the  underlying  tissue,  part  of  which  commonly 
is  brought  away  with  the  capsule.  In  some  cases  the  newly  formed 
fibrous  tissue  is  not  immediately  subcapsular,  and  therefore  does  not 
tie  the  capsule  closely  to  the  organ.  Often  the  capsule  is  markedly  thick- 
ened, and  immediately  under  it  may  be  found  small  cysts  varying  in  size 
from  the  diameter  of  a pinhead  to  that  of  the  end  of  one’s  thumb,  rarely 
larger;  these  cysts  are  near  the  surface,  and  may  be  ruptured  in  removing 


Fig.  317. — Kidney  Showing  Advanced  Chronic  Interstitial  Nephritis.  (Natural  size.) 

A'  Ureter.  B.  Small  cyst  just  under  capsule.  The  irregularly  lobulated,  coarsely  and  finely  granular 

surface  is  well  shown. 

the  capsule.  The  cyst  contents  are  usually  clear  or  slightly  straw-colored. 
In  very  rare  cases  hemorrhage  into  or  around  the  cyst  is  found. 

In  comparing  the  cortex  with  the  medullary  portion  the  observer  is  im- 
mediately struck  with  the  contrast  between  the  condition  now  being  de- 
scribed and  the  cortex  in  chronic  diffuse  nephritis.  The  cortex  is  irregu- 
larly thin,  and  pyramids  are  observed  in  which,  macroscopically,  the  me- 
dulla appears  to  extend  to  the  capsule.  Occasionally  a pyramid  possesses 
its  normal  quota  of  cortex,  thus  illustrating  the  patchy  character  of  the 
lesion;  as  a rule,  however,  the  cortex  covering  all  the  pyramids  is  more 
or  less  contracted.  The  pyramids  are  but  slightly  wasted.  There  is 
usually  considerable  fat  in  the  pelvis,  which  is  less  capacious  than  normal. 
That  the  morbid  anatomy  of  this  condition  varies  could  not  be  better 
shown  than  in  figures  316  and  317,  and  Plate  X,  figure  1. 

Histologic  examination  shows  that  the  lesion  is  patchy  and  not  uni- 
versally distributed  throughout  the  cortex;  here  and  there  are  observed 
small  areas  in  which  the  changes  are  most  marked;  at  other  points  the 
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structural  alterations  are  inconspicuous.  The  fibrous  tissue  is  notably  in- 
creased in  the  labyrinth,  less  so  in  the  pyramids  of  Ferrein,  and  the  med- 
ullary portion  is  changed  least  of  all.  Between  the  tubules,  in  the  inter- 
stitial connective  tissue  of  the  organ,  the  fibrous  tissue  hyperplasia,  in  vari- 
ous stages  of  development,  is  encountered;  the  more  recent  cellular  accu- 
mulations are  composed  of  lymphoid  cells.  Where  organization  is  in 
process,  the  round  mononuclear  cells  will  be  seen  gradually  forming  into 
spindle-shaped  elements,  through  the  activity  of  which  fibrous  tissue  is 
eventually  produced.  Like  other  productive  interstitial  inflammations, 
renal  sclerosis  is  attended  by  an  increase  in  the  elastica  of  the  organ.  The 


c 


Fig.  318. — Kidney,  Chronic  Interstitial  Nephritis.  (1-inch  objective,  i-inch  ocular,  slightly  reduced.) 
Specimen  fixed  in  corrosive  sublimate,  infiltrated  with  paraffin,  and  stained  with  hematoxylin  and  eosin. 
a.  Slightly  thickened  capsule,  b,  b' , b"  and  a bound  the  area  of  most  marked  interstitial  change, 
although  an  increase  of  the  interstitial  tissue  is  evident  between  b"  and  c.  About  x cm.  to 
the  left  of  d is  seen  a beginning  cyst.  In  the  area  of  most  marked  interstitial  change  are  a number 
of  degenerating  Malpighian  tufts,  while  but  a few  of  the  tubules  are  recognizable.  The  new  tissue  is 
not  yet  fully  developed,  but  at  points,  as  around  the  cyst  d,  shows  partial  conversion  into  fibrous 
tissue. 

newly  formed  cicatricial  tissue  contracts  and  presses  upon  the  blood-vessels, 
Malpighian  tufts,  and  tubules,  thereby  lessening  the  blood  suppty,  the 
nutrition,  and  the  functional  activity  of  these  structures.  The  capsules 
of  many  glomeruli  are  thickened  by  the  progressive  fibrosis,  and  the  con- 
traction of  the  newly  formed  fibrous  tissue  and  hyaline  change  in  the  cap- 
illaries lead  to  destruction  of  tufts  contained  in  areas  of  marked  sclerosis. 
Glomeruli  whose  vascular'  supply  is  still  normal  possess  thickened  capsules; 
the  thickening  of  Bowman’s  membrane  is  continuous  with  the  thickened 
membrana  propria  of  the  tubule.  The  epithelium  of  the  tubules  shows 
various  changes  dependent  upon  the  influence  of  the  interstitial  deposit 
within  any  given  area.  The  large,  swollen,  granular,  fatty,  tortuous  tu- 
bules of  parenchymatous  nephritis  are  not  encountered;  in  those  areas  in 


DISEASES  OF  THE  URINARY  ORGANS. 


667 


which  the  new  tissue  is  most  rapidly  organizing  the  tubules  are  diminished 
in  size.  Tubular  narrowing  in  one  area  may  give  rise  to  dilatation  in 
another,  and  by  progressive  widening  terminate  in  the  formation  of  the 
cysts  already  described  when  discussing  the  gross  anatomy  of  the  lesion. 
Cornil  and  Ranvier  asserted  that  such  cysts  might  arise  from  the  Mal- 
pighian tufts — a view  which  has  been  corroborated  by  later  studies, 
especially  by  Beer.  The  condition  is  termed  cystic  atrophy  of  the  glomer- 
uli. In  the  glomerular  cysts,  shrunken  fragments  of  the  tuft  are  some- 
times found  still  attached  to  the  inclosing  wall.  Where  the  tubule  is 
subjected  to  the  damaging  influence  of  contraction,  the  epithelium  is 
atrophied  and  finely  grantdar,  and  the  cells  are  greatly  diminished  in  size; 
where  the  fluids  are  retained  within  the  tubule  by  obstruction  below,  the 
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Fig.  319. — Kidney,  Chronic  Interstitial  Nephritis. 

A.  Part  of  capsule.  B.  Malpighian  body,  showing  advancing  granular  and  hyaline  changes  with  marked 
thickening  of  the  capsule.  C,  C,  C.  Tubules  in  the  midst  of  the  newly  formed  connective  tissue; 
the  epithelium  is  wasted  or  absent  and  the  tubular  wall  notably  thickend.  The  larger  tubes  on  the 
left  and  below  are  somewhat  dilated. 


epithelium  is  flattened,  hyaline,  granular,  or  even  fatty.  Occasionally, 
tube-casts  may  be  seen  in  situ ; if  the  epithelium  or  interstitial  tissue  be 
pigmented,  it  is  probably  the  result  of  previous  hemorrhage.  The  blood- 
vessels of  the  kidney  manifest  changes  indistinguishable,  from  those  ob- 
served in  similar  structures  elsewhere. 

In  typic  cases  the  urine  is  increased  in  quantity,  polyuric,  light  in  color, 
and  may  be  almost  colorless;  the  specific  gravity  is  rarely  over  1012  or 
1015,  and  may  fall  as  low  as  1005;  albumin  is  present  in  varying  amounts 
and  only  rarely  is  it  continuously  demonstrable;  sometimes  the  albumin 
may  be  scanty  and  may  escape  detection,  or,  for  short  periods,  rarely  long, 
it  may  be  entirely  absent;  as  a rule,  there  is  no  sediment,  and  the  dissolved 
solid  constituents — salts  and  urea — are  diminished.  The  casts  found  are 
usually  hyaline;  they  are  not  abundant  and  not  constantly  present;  during 
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acute  exacerbations  in  the  inflammatory  processes  the  phenomena  of 
nephric  hyperemia  may  be  observed. 

Changes  Occurring  in  Other  Structures. — Clinicians  have  long  known 
that  the  arterial  tension  is  raised,  at  least  in  the  earlier  stages  of  chronic 
interstitial  nephritis,  and  more  recently  Czyhlarz,  Sawada,  and  others 
have  studied  the  elevated  tension  by  instrumental  methods.  Czyhlarz 
believes  that  he  has  been  able  to  show  that  with  improvement  the  arterial 
tension  falls,  and  rises  again  during  relapses.  It  is  not  certain,  however, 
that  the  alteration  in  tension  may  not  be  due  to  the  vascular,  rather 
than  the  renal,  lesion.  Nagel1  found  hypertension  present  in  less  than 
seventy-five  per  cent,  of  the  cases.  Changes  in  the  adrenals,  usually  a 
hyperplasia  or  a notably  intense  chromaffin  reaction  have  been  observed 
and  Schur  and  Wiesel2  claim  to  have  demonstrated  the  presence  of  adren- 
alin in  the  blood.  The  heightened  blood  pressure  must  be  due  to  some 
toxic  agent  in  the  blood,  possibly  a hyperadrenalism,  the  mechanical  ex- 
planation of  Traube  and  Cohnheim  which  attributed  the  hypertension  to 
narrowing  of  the  systemic  vessels  in  an  attempt  to  force  blood  through  the 
renal  capillaries  has  not  withstood  experimental  study.3  Cardiac  hyper- 
trophy is  constantly  present  prior  to  degenerative  or  arteriosclerotic 
changes  in  the  myocardium,  after  which  dilatation  occurs.  Arteriosclero- 
sis may  be  a cause  or  may  follow  chronic  interstitial  nephritis;  in  some 
form  and  to  varying  degrees,  it  is  practically  always  present.  As  a result 
of  the  accumulation  of  toxic  products,  uremic  phenomena  are  not  infre- 
quent ; these  may  be  manifested  by  symptoms  referable  to  the  vascular  and 
toxemic  influences  on  the  central  nervous  system,  or  by  less  definite 
nervous  symptoms  which  Lloyd  refers  to  as  hysteric  or  neurasthenic. 
Neuritis  is  occasionally  observed,  de  Schweinitz4  describes  with  detail 
the  retinal  lesions  to  which  the  term  albuminuric  retinitis  is  commonly 
applied.  The  vessels  of  the  retina  may  be  the  seat  of  recognizable  arterio- 
sclerotic changes.  According  to  Nettleship,  the  earliest  age  at  which 
renal  retinitis  has  been  observed  is  five  years. 

Chronic  interstitial  nephritis  seems  to  increase  the  susceptibility  of 
patients  to  many  infections.  Charles5  found  that  of  156  patients  having 
sclerosed  kidneys  52  died  as  a result  of  infection;  these  included  croupous 
pneumonia  31,  pericarditis  6,  empyema  4,  tuberculosis  6,  bronchopneu- 
monia 3,  pulmonary  gangrene  and  pleurisy  each  1.  The  heightened 
tension  and  arterial  sclerosis  exhaust  the  heart  or  cause  death  by  cerebral 
hemorrhage.  Chronic  or  even  acute  endocardial  lesions  are  not  infrequent. 
Edema  is  usually  absent  and  rarely  intense.  The  nutrition  is  rarely  good 
and  some  anemia  is  often  present.  It  is  a striking  fact  that  the  sufferers 
appear  much  more  anemic  than  the  blood  examination  justifies;  this 
appearance  may  be  due  to  deficient  peripheral  circulation  brought  about 
by  contraction  of  cutaneous  capillaries.  Visceral  malnutrition  also  occurs. 
Gastric  and  intestinal  hemorrhages  are  usually  late  manifestations.  Ulcer- 
ation of  the  colon  occasionally  appears  long  before  death  and  is  often 
present  postmortem;  Mackey’s  patient  had  more  than  100  intestinal  ulcers. 
The  ulceration  has  been  attributed6  to  (a)  capillary  thrombosis,  (6)  scle- 

1 Deut.  Arch.  f.  klin.  Med.,  Jan.  1907. 

2 VerhandL  d.  deut.  path.  Gesellsch.,  xi,  1907. 

3 Alwens,  Deut.  Arch.  f.  klin.  Med.,  xcviii;  Passler  and  Heineke,  Verhandl.  d. 
Deut.  path.  Gesellsch.,  1905;  Jores,  Verhandl.  d.  Deut.  path. Gesellsch.,  xii,  1908. 

4 Proc.  Phila.  Co.  Med.  Soc.,  Nov.,  1902,  p.  298. 

5 Brit.  Med.  Jour.,  April  8,  1905. 

“Parker,  Lancet,  Oct.  15,  1900,  p.  1134. 
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rosed  vessels,  and  (c)  infected  submucous  hemorrhages.  No  doubt  infec- 
tion plays  a part. 

Lardaceous  disease  of  the  kidney1  arises  in  connection  with  general  am- 
yloid disease.  (See  p.  219.)  The  process  is  frequently  associated  with  a 
more  or  less  fully  developed  chronic  diffuse  nephritis  or  chronic  interstitial 
nephritis. 

Morbid  Anatomy. — In  many  cases  the  kidney  is  considerably  increased 
in  size;  occasionally  it  may  not  be  larger  than  the  normal;  in  rare  instances 


Fig.  320. — Kidney,  Chronic  Interstitial  Nephritis  and  Lardaceous  Disease. 

Specimen  specially  stained  by  gentian- violet.  A.  The  thickened  capsule  of  a Malpighian  tuft;  the  inter- 
stitial tissue  at  all  points  in  the  field  is  notably  increased.  B.  In  that  part  of  the  tuft  lying  to  the 
right  and  below  the  tuft  pedicle,  and  indicated  by  the  faint  leader  from  B,  the  opaque  lardacein  can 
be  seen. 

the  organ  is  small.  The  veins  of  the  capsule  are  dilated,  the  surface  is 
smooth,  and  the  organ  is  firm,  but,  in  the  absence  of  sclerosis,  does  not  ap- 
pear fibroid.  The  tissue  cuts  with  more  resistance  than  in  uncomplicated 
chronic  parenchymatous  nephritis;  the  cortex  is  much  thickened,  is  glis- 
tening or  hyaline,  is  slightly  swollen,  and  the  Malpighian  tufts,  in  which 
the  lesion  is  most  manifest,  may  be  readily  picked  out.  The  pale,  hyaline, 
or  semitranslucent  cortex  contrasts  with  the  deep-red  or,  at  times,  almost 
purplish,  or  beefy,  medullary  portion;  the  usual  tests  for  lardacein  readily 
demonstrate  the  character  of  the  lesion. 

The  urine  is  usually  abundant,  pale,  clear,  and  of  a low  specific  gravity; 
albumin  and  also  hyaline,  granular,  or  fatty' casts  are  frequently  present, 
and,  occasionally — not  constantly,  as  commonly  believed— waxy  casts 
which  may  give  the  amyloid  reaction.  The  changes  in  other  organs  and 
tissues  are  dependent  upon  the  general  amyloid  infiltration  or  upon  the 
character  of  the  accompanying  renal  lesion.  If  the  condition  be  attended 
by  diffuse  nephritis,  dropsy,  edema,  and  the  usual  accompanying  lesions 
may  be  present;  if  an  interstitial  nephritis  be  present  which  is  infrequent, 
the  vascular  and  other  phenomena  of  that  condition  may  be  manifest. 

1 Sarrazin,  Virch.  Arch.,  Bd.  cxciv,  iqo8,  p.  286 
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Pyelitis1  is  an  inflammation  of  the  pelvis  of  the  ureter.  It  may 
be  acute  or  chronic;  primary  or  secondary — rarely  the  former.  It  may 
result  from  extension  of  an  infection  from  the  kidney,  but  more  com- 
monly it  is  the  cause  of  inflammation  extending  into  the  medulla  or 
the  cortex.2  Inflammation  of  the  ureter  and  pelvis  is  frequently  the 
result  of  infection  by  bacteria  excreted  by  the  kidney;  in  other  words, 
it  is  indirectly  of  hematogenous  origin.  The  belief  that  infections  of  an  as- 
cending type,  secondary  to  disease  of  the  bladder,  are  of  common  occur- 
rence, is  less  popular  than  formerly.  The  experiments  of  Sampson 
seem  to  indicate  that  overdistention  of  the  bladder  never  gives  rise  to  di- 
latation of  the  ureters;  this,  however,  does  not  disprove  the  possibility 
of  inflammation  extending  along  the  course  of  the  continuous  mucosa. 
The  bacteria  commonly  found  are  the  typhoid  bacillus,  the  colon  bacillus, 
and  the  pyogenic  cocci.  Wright  reported  a case  in  which  the  influenza 
bacillus  was  present  with  other  organisms.  The  combined  statistics 
of  several  observers  show  that  the  colon  bacillus  occurs  in  about  83.5 
per  cent,  of  the  cases.  Pneumococcal  forms  have  been  described.  Prob- 
ably the  most  important  factor  in  the  production  of  pyelitis  is  ureteral 
obstruction.  Kinks,  inflammatory  conditions,  or  external  pressure, 
producing  accumulations  of  urine  in  the  pelvis  of  the  kidney,  are  commonly 
followed  by  pyelitis.  It  is  now  generally  believed  that  the  pyelitis  of 
pregnancy  results  from  obstruction  due  to  pressure  on  the  ureter  by  the 
gravid  uterus.  The  pyelitis  of  infants  is  probably  due  to  some  congenital 
abnormality  that  produces  temporary  urinary  stasis.  Among  the  rare 
causes  of  inflammation  of  the  pelvis  of  the  kidney  may  be  mentioned 
perinephritis  and  inflammations  around  the  ureter  (periureteritis)  and 
morbid  growths  invading  the  affected  structures.  Stone  in  the  kidney 
(nephrolithiasis)  is  commonly  given  as  a cause  of  pyelitis,  but  it  is  probable 
that  stone  is  a sequence  of  pyelitis,  and  not  the  reverse.  It  is  said  that 
the  administration  of  turpentine,  cantharidin,  and  other  irritating  agents 
may  produce  inflammation  of  the  renal  pelvis. 

The  inflammation  may  be  catarrhal,  pseudomembranous,  suppura- 
tive, or  hemorrhagic;  rarely  it  is  gangrenous.  The  first  three  forms 
may  be  acute  or  chronic;  the  last  two  are  usually  acute,  but  may  be 
engrafted  upon  one  of  the  chronic  forms.  The  inflammation  may  par- 
take of  some  of  the  characters  of  the  acute  infectious  disease  with 
which  it  is  associated;  thus,  gonorrheal  pyelitis  is  commonly  suppura- 
tive. I have  seen  membranous  pyelitis  accompany  diphtheria  and 
also  typhoid;  with  the  last-named  disease  hemorrhagic  forms  some- 
times occur.  If  ureteral  obstruction  takes  place,  dilatation  of  the 
pelvis  and  pressure  atrophy  of  the  kidney  give  rise  to  a sac  in  which 
the  purulent  matter  and  altered  secretions  accumulate;  the  condition 
is  called  pyonephrosis,  and  may  also  result  from  infection  of  a hydro- 
nephrosis. The  fluid  contained  in  the  sac,  which  may  be  loculated  and 
composed  of  several  pouches,  often  appears  to  be  almost  pure  pus, 
although  usually  urine  is  present  and  sometimes  blood.  Calculi  which 
have  preceded  the  suppurative  process  may  also  be  found.  The  changes 

1 Ravogli,  Amer.  Jour.  Urol.,  Nov.,  1906.  Fremont-Smith,  New  York  Med. 
Jour.,  Dec.  8,  1906.  Barth,  Deut.  Zeit.  f.  Chir.,  1906,  lxxxv.  Albeck,  Zeit.  f. 
Geburts.  u.  Gyn.,  1907,  lx,  p.  3.  Goppert,  Ergeb.  d.  Inn.  Med.  v.  Kinderheilk., 
1908,  p.  30.  Haynes,  Annals  of  Surgery,  March,  1908,  p.  417.  Shaw,  Clin.  Jour., 
London,  Feb.  12,  1908.  Morse,  Amer.  Jour.  Med.  Sci.,  Sept.,  1909.  Friedenwald, 
Arch.  Pediatrics,  Nov.,  1910. 

2 See  Acute  Suppurative  Interstitial  Nephritis,  p.  652. 
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in  the  renal  tissue  depend  upon  the  duration  and  character  of  the  inflam- 
mation and  also  upon  whether  actual  infection  of  the  kidney  substance 
has  occurred.  The  lesions  of  acute  suppurative  nephritis  may  be  present 
or  the  renal  parenchyma  may  be  thinned  and  fibroid  and  contain  no 
foci  of  pus-formation.  Sometimes  no  macroscopically  perceptible  kidney 
tissue  is  present.  The  condition  may  be  attended  by  a perinephritis. 
(See  p.  645-) 

Nephrolithiasis1  is  a name  applied  to  a condition  in  which  stones  are 
present  in  the  kidney.  In  size  such  bodies  vary  from  fine  granules 
deposited  in  the  tubules  to  large  masses  that  fill  the  renal  pelvis;  Shield 
reported  a renal  calculus  weighing  570  gm.  The  museum  of  St.  Barthol- 
omew Hospital  contains  a stone  weighing  1095  gm.  removed  postmortem. 
Barrow2  successfully  removed  a renal  calculus  the  weight  of  which  ex- 
ceeded 500  gm.  The  stone  may  be  solitary,  or  calculi  may  be  present  in 
large  numbers.  Bland-Sutton3  reports  an  instance  in  which  40,000  iri- 
descent calculi  were  contained  in  a single  kidney.  Renal  stones  are  usually 
composed  of  uric  acid  or  urates,  oxalate  or  phosphate  of  lime,  and  less 
frequently  carbonates,  cystin  and  xanthin,  and  rarely  indigo.  Each  con- 
cretion usually  possesses  a nucleus  surrounded  by  lamellae,  all  of  which 
may  not  be  of  the  same  chemic  composition.  Ova  of  the  Bilharzia 
haematobia  may  constitute  the  nucleus.  Frequently  the  nuclei  contain 
bacteria,  and  some  observers  maintain  that  germs  are  the  essential  cause 
of  calculus  formation.  This  contention  is  supported  by  the  well-known 
frequency  with  which  microorganisms  are  responsible  for  the  production 
of  gall-stones.  Obstruction  to  the  ureter  and  inflammation  of  the 
pelvis  of  the  kidney  favor  the  development  of  calculi.  Such  stones  are 
called  secondary  calculi.  It  is  supposed  that  nephrolithiasis  may  occur 
without  any  preceding  inflammation  of  the  pelvis  of  the  kidney,  and 
stones  thought  to  have  this  origin  are  termed  primary  calculi. 

Calculi  arising  in  the  pelvis  of  the  kidney  may  obstruct  the  ureter 
and  give  rise  to  retention,  or  by  favoring  colonization  of  pyogenic  bac- 
teria induce  suppurative  pyelitis  or  pyelonephritis,  which  may,  in  some 
cases,  become  gangrenous.  More  or  less  hematuria  accompanies  the 
presence  of  stones  in  the  renal  pelvis,  and  some  observers  maintain  that, 
in  all  cases,  a careful  search  will  disclose  the  presence  of  red  blood-cells  in 
the  urine.  It  is  possible  that  loculated  calculi  (those  definitely  inclosed 
in  a renal  pouch)  are  infrequent  causes  of  hemorrhage. 

Ureteritis,4  or  inflammation  of  the  ureter,  probably  results  from 
essentially  the  same  causes  as  pyelitis,  and  may  be  a continuation  of, 
or  antecedent  to,  the  latter.  Occasionally  inflammation  begins  at  the 
cystic  end  of  the  ureter  and  is  secondary  to  inflammation  of  the  bladder. 
The  well-known  frequency  with  which  bacteria  occur  in  the  urine  (bac- 
teriuria)  accounts  for  many  of  these  cases.  Traumatic  forms  are  rare; 
ureteritis  due  to  disease  of  the  prostate  or  ureteral  orifice  is  of  frequent 
occurrence.  The  inflammation  may  be  acute  or  chronic,  and  may  first 
affect  the  mucosa  or  the  ureteral  wall,  and  from  either  involve  the  con- 
tiguous tissues,  causing  periureteritis.  The  acute  form  of  the  affection 
may  be  catarrhal,  pseudomembranous,  suppurative,  or  gangrenous; 
fibrinous  casts  of  the  ureters  are  sometimes  voided.  When  the  inflam- 

1 Jeanbrau,  Des  Calculus  de  l’Uretere,  1909. 

2 Annals  of  Surgery,  June,  1908,  p.  1029. 

3 Brit.  Med.  Jour.,  Jan.  31,  1905,  p.  125. 

4 Garceau,  Amer.  Jour.  Med.  Sci.,  Feb.,  1903. 
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mation  is  of  long  duration,  great  thickening  of  the  ureteral  wall  and 
stricture  formation  may  occur.  A cystic  ureteritis,1  due  to  central 
degeneration  and  fluid  transudation  into  v.  Bruns’  cell-nests,  has  been 
described.  The  resulting  cysts  resemble  miliary  tubercles  and  may 
give  rise  to  obstruction.  Strictures,  kinks,  and  valve-like  formations 
may  produce  ureteral  obstruction  and  give  rise  to  cystic  dilatation  on  the 
renal  side  of  the  lesion,  which  will  be  further  discussed  with  hydronephrosis. 

Tuberculosis  is  not  an  infrequent  form  of  ureteral  disease  and  will 
be  considered  with  tuberculosis  of  the  kidney. 

Tuberculosis  of  the  kidney2  may  be  primary  or  secondary.  The 
primary  form  is  rare.  Morris  has  been  able  to  collect  15  such  cases 
in  2610  autopsies.  Infection  may  occur  from  the  blood  or  by  an  ascend- 
ing tuberculosis  which  was  primary  in  the  lower  passages.  In  the 
discussion  of  the  German  Surgical  Congress  in  1901,  Baumgarten  doubted 
the  frequency  of  ascending  infections,  and  it  is  generally  conceded 
that  tuberculosis  involving  the  genito-urinary  organs  usually  begins 
in  the  kidney.  It  has  been  shown  by  a number  of  observers  that  in  pa- 
tients suffering  from  active  tuberculosis3  the  bacilli  may  be  secreted  in  the 
urine. 

In  acute  miliary  tuberculosis  the  kidney  in  common  with  other 
organs  frequently  contains  large  numbers  of  tubercles.  These  bodies 
possess  the  usual  characters  of  miliary  tubercles  observed  elsewhere 
(see  p.  124).  In  other  cases  the  kidney  contains  a single  caseous  nodule 
surrounded  by  fibrous  tissue  which  is  sometimes  calcareous;  rarely  such 
masses  are  bilateral  and  multiple  in  both  organs.  In  the  so-called 
massive  tuberculosis  of  the  kidney  practically  the  entire  organ  is  con- 
verted into  caseous  material.  This  form,  more  frequently  than  the 
preceding  types,  is  accompanied  by  tuberculosis  of  the  pelvis  and  ureter 
and  may  involve  the  bladder.  The  organ  is  often  greatly  enlarged 
and  may  be  the  size  of  a fetal  head;  the  capsule  is  usually  thickened 
and  the  perinephric  fat  sclerosed.  In  some  cases  tuberculous  peri- 
nephritis accompanies  the  renal  lesion.  Usually  this  form  is  unilateral 
and  the  opposite  kidney  is  not  infrequently  amyloid.  Often  the  discharge 
of  caseous  material  obstructs  the  ureter,  or  ureteral  stenosis  results  from 
tuberculosis  of  the  ureteral  mucosa.  In  such  cases,  particularly  if  mixed 
infection  be  present,  the  resemblance  to  pyonephrosis  is  striking.  Israel4 
states  that  in  thirty-three  per  cent,  of  the  cases  of  pyelitis  with  retention 
of  pus,  tuberculosis  of  the  affected  organ  complicates  the  primary  lesion. 
Chronic  caseous  tuberculosis  of  the  kidney  is  often  latent  and  frequently 
comes  to  autopsy  undiagnosticated. 

Syphilis  of  the  kidney,5  manifested  by  distinct  lesions,  is  of  infre- 
quent occurrence.  Syphilitics  in  whom  the  tertiary  phenomena  are 
active  may  have  amyloid  disease  of  the  kidney,  and  during  the  secondary 
stage  true  syphilitic  nephritis  sometimes  occurs.  The  arterial  lesions 
due  to  syphilis  may  affect  the  kidney,  giving  rise  to  a form  of  arterio- 

1 Stow,  Proc.  New  York  Path.  Soc.,  Feb.,  1907. 

2 Bernard  and  Salomon,  Jour,  de  Physiol,  et  de  path.  Gen.,  March,  1905.  Ten- 
deloo,  Munch,  med.  Woch.,  May  23,  1905,  p.  988.  Campbell,  Annals  of  Surgery, 
Jan.,  1908,  p.  13.  Saint-Jacques,  Rapport  Presente  au  iv  Congres  de  l’Association 
des  Medecins  de  Langue  Frangaise  de  l’Amerique  du  Nord,  a Quebec,  July,  1908. 
Sawamura,  Deut.  Zeit.  Chir.,  1910,  ciii,  p.  203. 

3 Beardsley,  New  York  Med.  Jour.,  Aug.  14,  1909. 

4 Deut.  med.  Woch.,  vol.  xxiv,  p.  442. 

5 Gouget,  La  Clinique,  Dec.  17,  1909. 
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sclerotic  contraction.  Gummata  of  the  kidney  are  rare,  and  when  present 
possess  the  usual  characters  of  the  syphiloma.  (See  p.  163.) 

Actinomycosis  of  the  kidney  is  probably  never  primary;  the  secondary 
form  is  exceedingly  rare.  In  the  case  recorded  by  Stanton,1  kidney  and 
ureter,  and  probably  the  bladder,  were  affected. 

Leprosy  rarely  gives  rise  to  distinctive  alterations  in  the  kidney; 
patients  affected  with  the  disease  not  infrequently  develop  nephritis, 
probably  due  to  the  continuous  secretion  of  irritants  resulting  from 
lesions  outside  the  kidney. 

Tumors  of  the  kidneyJ  are  not  common.  Of  159  cases  collected  by 


Fig.  321. — Tuberculous  Pyelonephritis;  Chronic  Tuberculosis  of  the  Kidney. 

Specimen  shows  cavities  in  medullary  and  cortical  portions  of  the  organ,  due  to  the  extension  of  tuber- 
culosis from  the  pelvis. 


Morris,  63  were  sarcomata,  41  carcinomata;  his  list  also  includes  21 
instances  of  cystic  degeneration  and  11  hydatid  cysts;  there  were  10 
adenomata.  Of  the  sarcomata , seventy-five  per  cent,  occur  in  infancy; 
occasionally  they  are  congenital  and  may  obstruct  labor.  Some  of  the 
sarcomata  are  histologically  extremely  complex,  often  containing  struc- 
tures that  suggest  adenoma  or  carcinoma,  and  have  been  called  adeno- 
sarcomata  of  the  kidney.  Birch-Hirschfeld  has  especially  called  atten- 
tion to  such  neoplasms.3  Angiomata,  leiomyomata,  and  rhabdomyomata 

1 Albany  Med.  Annals,  Nov.,  1905. 

2 Albarran  and  Imbert,  Tumeurs  du  Rein,  1903.  Garceau,  Tumors  of  the 
Kidney,  1909. 

3 Strong,  Arch,  of  Pediatrics,  May,  1903,  p.  321;  Blumer,  Albany  Med.  Annals 
Aug.,  1903,  p.  444. 
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of., the  kidney  are  rare.  Angiomata  have  been  observed;  they  sometimes 
involve  the  pyramids  or  the  pelvis,  and  may  give  rise  to  troublesome 
hemorrhage.  Papilloma1  of  the  pelvis  of  the  kidney  may  be  extremely 
small,  but  attended  by  hemorrhages  that  prove  fatal;  it  is  usually  of  the 
villous  type. 

Probably  the  most  frequent  tumor  of  the  kidney  is  the  hypernephroma, 
a neoplasm  generally  believed  to  arise  from  ectopic  adrenal  tissue; 
Zehbe  denies  this  origin  and  attributes  the  growth  to  renal  epithelium. 
Of  the  163  hypemephromata  collected  by  Ellis,2  157  were  in  the  kidney. 


Fig.  322. — -Hypernephroma.  ( Case  Reported  by  Keen.) 
A.  Capsule  of  kidney  over  tumor.  B.  Areas  of  hemorrhage. 


There  is  no  special  predilection  for  either  side;  the  tumors  are  usually 
soft,  sometimes  cyst-like.  The  neoplasm  is  often  sharply  outlined  from 
contiguous  tissue,  and  usually  possesses  a capsule.  Some  give  rise  to 
metastasis,  others  do  not,  and  it  has  been  suggested  that  benign  and  malig- 
nant hypemephromata  be  recognized.  Histologically  these  neoplasms 
are  composed  of  cells  resembling  those  seen  in  the  adrenal;  they  usually 
contain  a fairly  uniformly  distributed  stroma,  which  in  many  areas  is 
scant  and  often  extends  into  relatively  large  spaces,  indicating  that  under 
certain  conditions  it  is  ruptured  or  in  other  ways  disappears  before  the 
rapidly  growing  cell.  Such  extensions  of  the  stroma  are  covered  by  the 
large  vesicular  neoplastic  cells,  giving  rise  to  a picture  resembling  that  of 
papillary  adenoma.  In  other  cases  the  resemblance  to  sarcoma  is  striking; 
sometimes  the  alveolar  arrangement  suggests  carcinoma  and  in  still 

1 Butte,  Virchows  Arch.,  iqoi,  Bd.  clxiv.  Savory  and  Nash,  Lancet,  Dec.  17, 
1904,  p.  1699.  Stoerk,  Zieg.  Beitr.,  Bd.  xliii,  1908.  Wells,  International  Clinics, 
vol.  ii,  Eighteenth  Series.  Hall,  Arch.  Intern.  Med.,  Nov.,  1908.  Zehbe,  Virch. 
Arch.,  Bd.  cci,  H.  x and  2,  1910. 

2 Keen,  Pfahler  and  Ellis,  Amer.  Med.,  Dec.  17,  1904. 
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other  instances  areas  resembling  both  carcinoma  and.  sarcoma  are  present, 
constituting  the  sarco-carcinoma  of  the  kidney.  Hemorrhage  in  the 
interior  of  the  tumor  is  not  uncommon.  Hall  maintains  that  the  hyper- 
nephromata  possess  a distinctive  chemistry,  containing  high  propor- 
tions of  cholesterin,  lecithin  and  fat;  boiled  starch  stained  with  iodin  is 
decolorized  by  watery  extracts  of  the  tumor. 

Paranephric  tumors1  are  rarely  primary;  they  may  be  due  to  extension 
from  contiguous  structures,  especially  the  kidney  or  adrenal. 

Cysts  of  the  Kidney. — Retention  cysts  of  the  renal  tubules  occurring 
in  contracted  kidney  were  considered  with  interstitial  nephritis.  In 
the  cortex  they  are  commonly  small,  although  they  may  be  as  large 


Fig.  323. — Section  of  Hypernephroma,  Showing  Capsule. 

A to  A.  Capsule.  B.  Blood-vessel  in  capsule.  C.  Alveolus  surrounded  by  polyhedral  cells,  many  of 
which  are  polymorphous  and  possess  the  general  characters  of  the  cells  found  in  the  adrenal  cortex. 
D.  Typical  spongiocyte.  E.  Connective-tissue  reticulum. 


as  the  end  of  one’s  thumb,  rarely  larger.  They  are  usually  multiple  and 
result  from  occlusion  of  the  tubules  with  dilatation  above  the  obstruction, 
or  from  cystic  atrophy  of  the  tufts. 

Hydronephrosis2  is  a condition  resulting  from  ureteral  obstruction, 
and  is  characterized  by  more  or  less  distention  of  the  renal  pelvis  and 
coincident  atrophy  of  the  medulla  and  cortex.  The  affection  may  be 
congenital  or  due  to  developmental  abnormalities,  such  as  partial  or 
complete  atresia  of  any  part  of  the  conducting  passage.  Abnormal 
relation  between  branches  of  the  renal  artery  and  the  ureter  inducing 
compression  of  the  latter  may  favor  or  actually  cause  obstruction.  Many 
writers  lay  great  stress  upon  oblique  or  valve-like  junction  between  the 


1 Rambaud,  These  de  Toulouse,  1904. 

2 Bazy,  Revue  de  Chir.,  Jan.  10,  1903,  and  La  Presse  M6d.,  Aug.  3,  1904,  p.  489; 
Sollmann,  Williams  and  Briggs,  Jour.  Exper.  Med.,  Jan.  23,  1907,  p.  71.  Mayo,’ 
Braasch  and  MacCarty,  Jour.  Amer.  Med.  Assoc.,  May  i,  1909,  p.  1383.  Jones| 
Boston  Med.  and  Surg.  Jour.,  vol.  clx,  Nos.  17,  18,  and  19,  1909. 
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ureter  and  renal  pelvis  as  a cause  of  hydronephrosis;  the  condition  may  be 
produced  by  tortuosity  and  kinks  of  the  ureter.  Strictures  of  the  urethra 
or  ureter,  and  renal  or  ureteral  calculi,  may  also  give  rise  to  hydronephrosis. 


Fig.  324.— Section  of  Hypernephroma,  Showing  Character  of  Cells.  Same  Section  as  Figure 

323.  (Zeiss  2 mm.  homo,  im.) 

A.  Blood-vessel.  B and  C.  Spongiocytes.  In  the  upper  cell  (B)  the  intraprotoplasmic  spaces  appear 
empty;  the  corresponding  areas  in  the  lower  cell  (C)  contain  faintly  acidophilic  fine  granules.  D. 
Similar  cell,  -syith  structureless  clear  protoplasm. 

Tumors  involving  the  ureter  or  its  orifice  in  the  bladder,  or" neoplasms 
pressing  upon  the  duct,  may  also  produce  retention.  Prolapsed  or 


Fig.  325. — Hydronephrosis. 

Kidney  laid  open,  showing  both  halves.  A few  small,  calcareous  nodules  in  the  pelvis.  ( From  a photo- 
graph made  by  Dr.  I.  W.  Blackburn,  to  whose  courtesy  the  writer  is  indebted  for  the  use  of/  the  illus- 
tration). ' 8 

floating  kidneys  not  uncommonly  show  moderate  degrees  of  hydronephrosis. 
The  amount  of  distention  and  consequent  size  of  the  affected  organ  are 
largely  influenced  by  the  completeness  and  persistency  of  the  obstruction. 
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If  the  ureter  be  ligated,  or  in  other  ways  suddenly  occluded,  renal  atrophy 
without  notable  increase  in  the  size  of  the  organ  commonly  occurs.  If, 
however,  the  obstruction  develops  slowly,  or  is  intermittent  in  its  action, 
cysts  of  very  great  size  may  result.  Infection  may  convert  the  hydro- 
nephrotic  kidney  into  a pyonephrosis.  Morris  includes  pyonephrosis  and 
hydronephrosis  under  the  term,  renal  distention  or  nephrectasis. 

Hydatid  cysts1 2  of  the  kidney  are  infrequent.  Of  Lyon’s  241  cases 
of  echinococcal  disease  in  America,  in  nine  the  kidney  was  involved. 
Among  566  cases  of  hydatid  cyst  collected  by  Davaine  30  were  in  the 
kidney.  The  left  kidney  is  affected  nearly  twice  as  often  as  the  right. 
The  condition  may  be  accompanied  by  hematuria,  the  urine  containing 
hooklets,  less  commonly  scolices,  and  in  rare  instances  small  cysts  or  frag- 
ments of  the  cyst-wall. 

Under  the  name  cystic  disease  of  the  kidney,3  polycystic  kidney, 


Fig.  326. — Congenital  Cystic  Disease  of  the  Kidney.  (Natural  size.1 

( From  specimen  presented  by  Dr.  E.  E.  Graham.  Original  article  in  Archives  of  Pediatrics , October,  1899. 
Figures  327,  328,  329,  and  330  are  from  the  same  specimen.) 


cystic  degeneration  of  the  kidney,  or  conglomerate  renal  cysts,  there  has 
been  described  a peculiar  lesion  manifested  by  the  presence  of  large 
multilocular  cysts  occupying  the  area  of  and  replacing  the  kidney,  but 
frequently  containing  no  discernible  renal  tissue.  In  other  instances 
but  part  of  the  kidney  is  involved.  In  bilateral  cystic  disease  the  in- 
volved organs  may  be  so  large  as  to  impede  labor;  Fussell  collected  1 1 cases 
in  which  it  was  necessary  to  mutilate  the  fetus  in  order  to  accomplish 

1 Paton,  Lancet,  Jan.  21,  1905,  p.  159.  Haynes,  Annals  of  Surgery,  July,  1902. 
See  also  p.  185.  Baradulin,  Meditsinskoye  Obozrenie,  lxiv,  No.  20. 

2 Fels,  Munch,  med.  Woch.,  Oct.  21,  1902,  p.  1743,  and’Oct.  28,  1902,  p.  1799. 

Boinet  and  Rayboud,  Rev.  de  Med.,  Jan.,  1903.  Pettersson,  Zieg.  Beitr.,  1903, 
vol.  xxxiii,  p.  605.  Morse,  Jour.  Amer.  Med.  Assoc.,  Dec.  19,  1903,  p.  1537.  Black- 
burn, Trans,  of  Path.  Soc.  of  London,  1904,  vol.  lv,  p.  203.  Busse,  Virchows  Arch., 
1904,  Bd.  clxxv,  p.  442;  Bunting,  Jour.  Exper.  Med.,  1906,  No.  2,  p.  271.  Lund’ 
Sect.  Surg.  and  Anat.,  Amer.  Meek  Assoc.,  1906.  Neate,  Amer.  Jour.  Obstet.  July 
1909. 
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delivery.  The  tumors  in  the  adult  may  be  of  enormous  bulk.  In  Hare’s 
case  the  left  kidney  weighed  7 kilos.  A specimen  in  the  Museum  of  the 
Jefferson  Medical  College  is  considerably  larger  than  a fetal  head.  The 
organ  was  removed  postmortem,  and,  during  life,  had  given  rise  to  but 
slight  inconvenience,  not  at  all  lessening  the  comfort  or  usefulness  of  a 
physician  throughout  a 'long  and  active  professional  career.  Commonly 
the  appearance  suggests  cyst  formation  beginning  in  the  cortical  portion 
of  the  organ,  and,  when  the  subject  has  survived  to  adult  life,  the  cysts 
may  be  restricted  to  that  structure.  The  cystic  kidney  is  large,  made  up 
of  numerous  cysts,  and  often  shows  no  recognizable  renal  tissue;  the  fluid 
within  the  cyst  is  usually  clear,  slightly  if  at  all  albuminous,  and  the  urin- 


ary constituents  present  may  be  no  more  abundant  than  in  cysts  of  other 
organs.  Cholesterin  is  commonly  present,  and  the  cyst  may  contain  a 
trace  of  blood  pigment,  and  not  infrequently  detritus  resulting  from  degen- 
erative and  necrotic  processes  in  the  edithelium  of  the  cyst-wall.  Some- 
times the  connective-tissue  wall  of  the  cyst  is  not  covered  by  a recognizable 
epithelial  lining.  In  other  instances  there  is  a varying  amount  of  epithe- 
lium, which  may  be  granular  and  necrotic;  and  in  still  other  specimens  low 
or  tall  columnar  epithelial  cells  form  the  inner  layer  of  the  cyst-wall.  A 
study  of  these  cysts  in  various  stages  of  evolution  leads  to  the  belief  that 
primarily  they  all  possessed  an  epithelial  lining.  The  matrix  between  them 
may  be  fibrous  or  myxomatous,  and  is  not  infrequently  extremely  vascular. 
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Our  knowledge  of  the  etiology  of  these  congenital  cysts  is  by  no  means 
satisfactory.  Virchow  believed  that  they  were  due  to  a dilatation  of 


Fig.  328. — Congenital  Cystic  Disease  of  the  Kidney.  (Tissue  from  near  the  pelvis  of  the  kidney 

shown  in  figure  326.) 

A.  Distended  blood-vessel.  B.  Connective  tissue  similar  to  that  shown  at  C in  figure  330.  In  many 
areas  this  connective-tissue  matrix  is  made  up  of  multipolar  or  branching  cells,  such  as  occur  in  myxo- 
matous structures.  Below  the  blood-vessels  are  shown  transverse  and  oblique  sections  of  tubules 
that  resemble,  to  a certain  extent,  sweat-glands.  (1-inch  objective,  i-inch  ocular.) 

the  uriniferous  tubules  resulting  from  a possible  prenatal  inflammatory 
condition.  Goodhart  suggested  that  they  were  examples  of  renal  adenoma 
and  in  this  view  was  supported  by  the  observations  of  Bateman.  As  a 


Fig.  329. — Congenital  Cystic  Disease  of  the  Kidney. 

Section  of  cyst  showing  columnar  cell-lining  and  contained  detritus;  the  latter,  from  a study  of  other 
sections,  seems  to  be  the  fragmented  cytoplasm  of  degenerated  epithelial  cells  cast  off  from  the  cyst- 
wall.  The  section  is  from  the  kidney  shown  in  figure  326.  (1-inch  objective,  i-inch  ocular.) 


result  of  a careful  histologic  and  embryologic  study,  Shattock  came  to 
the  conclusion  that  the  condition  depended  upon  the  maldevelopment 
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of  the  mesonephron,  or  Wolffian  body,  fused  with  the  metanephros,  and 
that  the  cysts  resulted  from  evolutionary  changes  in  the  included  meso- 
nephron. At  the  present  time  the  bias  of  opinion  seems  to  be  toward 
Shattock’s  view;  their  congenital  or  embryonic  origin  is  generally  conceded. 


A 

B 


C 


Fig.  330. — Congenital  Cystic  Disease  of  the  Kidney.  Part  of  Wall  of  a Larger  Cyst. 
Section  of  the  kidney  shown  in  figure  326.  A.  Granular  detritus  composed  of  hyaline  material  and  acido- 
philic granules.  B.  Flattened  epithelium.  (Compare  with  columnar  cell-lining  of  smaller  cyst, 
figure  3 2 9.)  C.  Connective  tissue  between  cysts,  (j-inch  objective,  1 -inch  ocular.) 


DISEASES  OF  THE  BLADDER  AND  URETHRA. 

The  malformations  of  these  organs  have  already  been  referred  to  on 
p.  644.  In  the  female  the  bladder  may  prolapse,  constituting  a condition 
called  vaginal  cystocele.  Frequent  overdistention  and  straining  during 
urination,  associated  with  relaxation  of  the  abdominal  wall,  may  cause 
the  bladder  to  protrude  in  the  median  line  (abdominal  cystocele).  As  a 
result  of  frequent  overdistention,  and  sometimes  from  other  causes,  the 
vesical  wall  is  greatly  thinned  (mural  atrophy) . The  organ  may  be  small 
and  contracted,  but  it  is  probable  that  this  condition  is  congenital  or  the 
result  of  abnormal  irritability,  and  in  either  case  should  not  be  called 
vesical  atrophy. 

In  the  condition  known  as  atony  of  the  bladder  it  is  supposed  that  the 
relaxation  is  due  to  insufficient  tone  in  the  muscle.  In  such  cases  de- 
generative changes  in  the  atrophic  fibers  have  been  described. 

Chronic  congestion  of  the  bladder,  and  also  the  presence  of  Bilharzia 
haematobia,  may  be  attended  by  conspicuous  overdistention  of  the  veins. 
Thrombosis  of  the  pelvic  veins,  cirrhosis  of  the  liver,  and  chronic  heart 
disease  may  also  give  rise  to  venous  dilatation,  sometimes  called  vesical 
hemorrhoids.  Hemorrhage  into  the  bladder  wall  or  submucosa  may  be 
due  to  injury,  sometimes  follows  labor — in  which  case  it  is  the  result  of 
pressure  of  the  fetal  head  or  instruments — and  is  also  seen  in  hemorrhagic 
diseases.  It  is  possible  that  such  hemorrhages  may  become  infected  and 
give  rise  to  extending  necrosis;  such  a process  may  account  for  ruptures 
of  the  bladder  observed  in  the  women  dying  during  the  puerperium. 
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Hypertrophy  of  the  bladder  may  be  produced  by  any  condition  causing 
slowly  progressing  obstruction  of  the  urethra  or  vesical  outlet.  In 
such  cases  the  increased  resistance  to  the  outflow  of  urine  induces  a 
gradual  hypertrophy  of  the  muscle  composing  the  bladder  wall,  which, 
when  contracted,  may  measure  1.5  cm.  The  hypertrophy  is  especially 
marked  in  prostatic  enlargement.  Frequently  the  overgrowth  of  muscle 
is  not  uniform,  or  as  a result  of  weakening  the  mucosa  pouches  at  points, 
giving  rise  to  a ribbed  interior. 

Cystitis,  or  inflammation  of  the  bladder,  may  be  acute  or  chronic. 
It  is  possible  to  produce  inflammation  of  the  mucosa  lining  this  viscus 
by  the  administration  of  cantharides  or  turpentine  and  other  irritants 
excreted  by  the  kidney;  the  most  frequent  cause  is  infection.1  It  is 
possible  that  bacteria  may  reach  the  viscus  from  the  kidney  or  through 
the  vessels  in  the  submucosa;  they  are  most  frequently  introduced,  how- 
ever, from  the  urethra,  and  especially  by  instruments.  The  micro- 
organisms usually  found  are  the  colon  bacillus,  staphylococci,  and  strep- 
tococci; the  typhoid  bacillus  may  also  be  a cause.  When  complicating 
gonorrhea,  cystitis  is  frequently  due  to  the -gonococcus,  although  often 
the  infection  is  multiple.  Any  condition  (paralysis,  stricture,  enlarged 
prostate)  which  prevents  the  bladder  from  fully  emptying,  favors  accu- 
mulation of  bacteria  and  their  products,  and  commonly  leads  to  cystitis. 
When  the  inflammation  has  persisted  for  some  time,  the  infection  is 
usually  polymicrobic.  A special  form  of  cystitis  accompanies  venal 
distomatosis.2 

Morbid  Anatomy ,3 — The  changes  observed  are  those  commonly  oc- 
curring in  inflamed  mucous  membranes.  The  inflammation  may  be 
catarrhal,  suppurative,  hemorrhagic,  gangrenous,  or  pseudomembranous, 
and  the  frequency  with  which  each  form  occurs  corresponds  to  the 
order  in  which  I have  named  them.  Motz  and  Denis  have  shown  that 
the  subepithelial  infiltration  is  often  extensive  and  the  epithelial  des- 
quamation less  abundant  than  was  previously  believed.  Even  in  catar- 
rhal processes  marked  dilatation  of  the  vessels,  extensive  leukocyte 
migration,  and  sometimes  slight  escape  of  red  blood-cells  occur.  Such 
changes  account  for  the  intense  redness  of  the  affected  mucous  mem- 
brane. In  the  suppurative  cases  minute  abscesses  may  be  formed 
in  the  submucosa,  and  the  number  of  leukocytes  observed  in  the  urine 
is  much  greater  than  in  any  other  form  of  cystitis.  According  to  Parodi, 
the  so-called  cystic  inflammation  of  the  bladder  results  from  degenerative 
changes  in  the  inflamed  mucosa;  the  resulting  miliary  cysts  are  most 
abundant  in  the  posterior  and  superior  portions  of  the  organ.  In  gan- 
grenous cystitis  large  areas  of  the  mucosa  undergo  necrosis,  the  tissue 
death  frequently  extending  into  the  muscular  layer  and  sometimes 

1 Experimental  and  laboratory  studies  of  the  flora  found  in  cystitis  have  been 

extensive.  The  important  observations  will  be  found  in,  or  may  be  traced  from, 
the  following  references:  Hofmann,  Centralbl.  f.  Grenzgebiet.  der  Med.  u.  Chir., 

vol.  vii,  No.  20.  Baisch,  Beitr.  z.  Geburts.  u.  Gynak.,  1904,  Bd.  viii,  H.  2.  Breton, 
Gaz.  des  Hop.,  1902,  vol.  v,  p.  533.  Paton,  Jour.  Path,  and  Bact.,  Sept.,  1902,  p. 
280.  Stokes,  Jour.  Amer.  Med.  Assoc.,  Sept.  27,  1902,  p.  733.  Mellin,  Jahrb.  f. 
Kinderheilk.,  1903,  vol.  lviii,  p.  40.  Zelenski,  Wien.  klin.  Woch.,  Feb.  4,  1904,  p.  123. 

2 Goebel,  Deut.  Zeit.  f.  Chir.,  Bd.  lxvi,  H.  3 and  4.  Milton,  Lancet,  March  28, 

1903,  p.  866.  See  also  p.  180. 

2 Motz  and  Denis,  Annals  des  Mai.  Gen.  Urinaires,  1903,  vol.  xxi,  No.  12.  Parodi, 
Arch,  per  le  Sci.  Med.,  1904,  vol.  xxviii,  fasc.  1.  Hofmann,  Wien.  klin.  Rundsch.’ 

1904,  No.  49.  Dean,  Practitioner,  June,  1904,  p.  907. 
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perforating.  It  is  usually  an  evidence  of  intense  infection,  and  com- 
monly occurs  in  the  debilitated.  The  so-called  pseudomembranous 
cystitis  is  rarely  attended  by  the  production  of  a false  membrane  com- 
parable to  that  seen  on  other  mucosae,  although  the  macroscopic  re- 
semblance may  be  strong.  Dean’s  examination  of  the  specimen  from 
his  patient  corroborated  Adami’s  view  that  the  disease  depends  upon 
a superficial  necrosis  of  the  mucosa.  In  the  chronic  inflammations  of 
the  bladder  there  is  often  notable  thickening  of  the  mucosa  and  sub- 
mucosa, and  in  some  cases  a perceptible  increase  in  the  muscle  layer. 
The  studies  of  Tyler,  Brown,  and  also  Stokes,  seem  to  disprove  the 
prevailing  belief  that  the  urine  is  alkaline  in  cystitis.  The  percentage 
of  cases  in  which  normal  acidity  disappears  is  small.  The  vesical  changes 
accompanying  venal  distomatosis  will  be  found  described  on  page  180. 
Cystitis  is  not  infrequently  followed  by  inflammation  of  the  ureter,  and 
may  precede  or  follow  prostatitis.  Inflammation  around  the  bladder 
(pericystitis1)  may  be  secondary  to  intracystic  processes,  or  results  from 
inflammatory  conditions  arising  in  contiguous  structures. 

Vesical  calculi  may  be  composed  of  uric  acid  or  its  salts  and  the 
salts  of  calcium,  especially  the  carbonates,  phosphates,  and  oxalates. 
The  concretions  vary  in  size  from  small  particles,  so-called  vesical  sand , 
to  masses  weighing  ioo  gm.  or  more.  They  are  particularly  prone  to 
form  around  foreign  bodies.  It  is  probable  that  the  formation  of  con- 
cretions within  the  bladder  is  favored,  if  not  caused,  by  the  presence  of 
bacteria.  It  is  well  known  that  in  chronic  vesical  inflammation  phos- 
phatic  calculi  frequently  occur,  and  are  usually  attributed  to  changes 
in  the  reaction  of  the  urine  induced  by  the  bacteria.  Vesicle  calculi  con- 
tain a proteid  framework  in  which  the  crystalloid  is  deposited.  Schade2 
believes  that  the  primary  change  in  the  production  of  calculi  is  the  pres- 
ence of  irreversible  colloids  not  found  in  normal  urine.  Conspicuous 
among  these  bodies  is  fibrin  and  especially  fibrinogen,  particularly 
abundant  in  inflammatory  exudates.  This,  or  some  allied  colloid,  con- 
stitutes the  basis  in  which  the  crystalloids  are  deposited.  Often  the 
stones  are  multiple,  and  by  attrition  wear  smooth  surfaces  (facets)  at  the 
points  of  contact.  The  nuclei  of  most  calculi  consist  of  a colloid  contain- 
ing uric  acid.  When  the  stone  is  composed  entirely  of  this  substance,  it  is 
yellow  or  reddish-brown  and  the  surface  irregular.  On  section  stratifica- 
tion is  usually  evident,  particularly  in  the  larger  stones.  When  composed 
of  calcium  oxalate  the  calculus  is  hard,  sometimes  spiculated,  and  the 
surface  formed  of  small  bosses  ( mulberry  calculus).  The  phosphatic 
calculi  are  composed  of  triple  phosphates  and  usually  contain  urate  of 
ammonium  and  calcium  carbonate.  Occasionally  the  stone  consists  of 
calcium  carbonate  alone.  Cystin,  xanthin,  and  cholesterin  calculi  are 
rare;  a few  cases  of  indigo  calculus  have  been  reported.  Vesical  lithiasis 
is  commonly  attended  by  cystitis,  which  in  some  cases  is  marked.  Hema- 
turia is  frequently  present. 

Tuberculosis  of  the  bladder3  may  be  a part  of  a wide-spread  genito- 
urinary lesion  involving  the  kidney,  ureter,  bladder,  prostate,  seminal 
vesicles,  spermatic  duct,  epididymis,  and  testicle.  The  infection  may 
occur  from  the  blood,  by  lymphatic  extension,  or  from  contiguous  lesion 

1 Chute,  Boston  Med.  and  Surg.  Jour.,  Sept.  23,  1909. 

2 Munch,  med.  Woch.,  1909,  lvi. 

3 Walker,  Annals  of  Surgery,  Feb.,  1907,  p.  249.  Breton,  Annales  de  l’lnst. 
Pasteur,  Oct.  25,  1910,  No.  10,  p.  820. 
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TUBERCULOSIS  OF  THE  BLADDER 


Drawing  made  from  fresh  specimen 
One-half  natural  size 


LABORATORIES  OF  THE  JEFFERSON  MEDICAL  COLLEGE  HOSPITAL 


A.  — Centre  of  large  ulcer.  At  the  end  of  the  line  is  a distinct  furrow,  to  which  was 

attached  a recent  slough. 

B.  — Similar  ulcer,  but  more  recent. 

C.  — More  recent  ulcer  almost  ready  to  become  confluent  with  the  large  ulcer. 

D.D.D. — Miliary  tubercles.  These  at  first  glance  resembled  ulcers,  but  close  inspection 

showed  that  they  had  not  as  yet  broken  down.  Many  of  these  are  seen,  par- 
ticularly at  the  base  of  the  bladder. 

E.E.E.E.— The  point  from  which  was  excised  the  trigone  prostate  and  urethra. 

F.F.F. — Points  showing  the  patchy  inflammation  of  the  mucosa,  which  accompanies 
tuberculosis  of  the  bladder. 
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in  the  prostate  or  seminal  vesicles,  or  other  adjacent  tissues.  In  general 
miliary  tuberculosis,  tubercles  may  be  observed  in  the  submucosa  of  the 
bladder;  they  are  rarely  conspicuous  or  abundant.  The  most  frequent 
manifestation  of  vesical  tuberculosis  is  the  ulcerative  form,  which  is  rarely, 
if  ever,  primary.  The  ulcers  may  be  solitary  or  multiple ; commonly  there 
is  a single  large  ulcer,  near  which  are  grouped  numerous  smaller  ones  which 
extend  by  coalescence.  The  floor  of  the  ulcer  is  shaggy,  dirty  yellow  in 
color,  and  often  undulated;  as  a rule,  the  muscular  layer  of  the  bladder 
escapes,  although  Senn  observes  that  the  wall  is  sometimes  perforated. 
The  edges  of  the  ulcer  are  usually  elevated,  slightly  undermined,  and  but 
little  indurated.  Commonly  the  entire  vesical  mucosa  is  the  seat  of  patchy 
hyperemia,  which  is  particularly  marked  near  the  margins  of  the  ulcer; 
this  in  part  accounts  for  the  accompanying  hematuria.  As  a result  of 
mixed  infection  the  coincident  cystitis. is  often  marked,  and  erosions  of 
the  mucosa  are  frequently  present.  Bryson  has  noted  the  occurrence 
of  submucous  rhexis  giving  rise  to  punctate  hemorrhages  which  are 
particularly  abundant  in  the  zone  nearest  the  ulcer.  Small  sloughs 
coming  from  the  lesion  and  tubercle  bacilli  can  usually  be  demonstrated 
in  the  urine. 

The  microscopic  examination  of  such  ulcers  renders  it  evident  that 
the  extension  is  not  wholly  due  to  the  presence  of  tubercle  bacilli.  Charac- 
teristic tubercles  are  rarely  abundant,  and  are  more  conspicuous  near 
the  margins  of  the  ulcer  than  in  the  floor.  Necrosis  and  disintegration 
rapidly  invade  the  developing  tubercle  and  promptly  convert  it  into  a 
small  ulcer,  which,  if  seated  near  the  larger  lesion,  quickly  becomes  con- 
fluent with  the  latter.  Many  of  the  smaller  blood-vessels  are  thrombosed, 
and  I have  no  doubt  this  is  a determining  factor  in  the  extension  of  the 
necrosis.  Tubercle  bacilli  are  not  commonly  abundant  in  the  lesion. 

Tumors  of  the  bladder1  are  not  of  frequent  occurrence;  Gurtl,  in  an 
analysis  of  16,687  tumors  of  all  kinds,  found  66  vesical  neoplasms.  They 
are  twice  as  frequent  in  men  as  in  women.  The  secondary  tumors  of  the 
organ  are  the  result  of  extension  from  some  contiguous  tissue,  usually 
the  prostate;  metastasis  to  the  bladder  is  rare.  The  most  common  of 
these  neoplasms  is  the  papilloma,  called  by  Rokitansky  villous  cancer, 
but  shown  by  Virchow  to  be  primarily  nonmalignant.  The  surface  of 
such  neoplasms  is  composed  of  long  slender  fimbriae  (papilloma  fimbriatum) 
which,  when  the  bladder  is  empty,  may  be  caught  in  the  urethral  orifice 
and,  by  subsequent  distention  of  the  organ,  pulled  off,  in  this  way  wound- 
ing  the  slender  vessels  in  the  connective-tissue  core  of  the  papilla  and 
producing  hemorrhage,  which  may  be  fatal.  Usually  such  masses  are 
small,  although  papilloma  of  this  type  occasionally  involves  the  entire 
vesical  mucosa.  They  are  sometimes  associated  with  the  presence  of 
calculi,  to  which  they  may  be  due.  Occasionally  such  tumois  become 
cancerous,  and  in  that  way  offer  some  justification  for  the  term  villous 
carcinoma  of  the  bladder.  In  such  cases  the  wall  of  the  organ  is  invaded 
by  the  new  growth,  which  may  also  extend  into  contiguous  tissues. 
Papilloma  commonly  arises  in  the  area  of  the  trigone;  secondary  cancers 
also  occupy  this  region.  Both  papilloma  and  carcinoma  are  usually 
accompanied  by  catarrhal  cystitis,  and  it  is  possible  that  they  follow 

1 Freyer  Lancet,  Jan.  24,  1903,  p.  215.  Grelinski,  Zentralbl.  f.  Chir.,  Oct.  29, 
1904.  YVilder,  Amer.  Jour.  Med.  Sci.,  Jan.,  1905.  Davis,  Annals  of  Surgery,  1906. 
.Brown,  Amer.  Jour.  Med.  Sci.,  Dec.,  1907.  Bayer,  Virch.  Arch.,  Bd.  cxcvi,  H.  2. 
1909. 
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long-continued  irritation;  similar  growths  are  produced  by  Bilharzia 
haematobia  infection.  Scirrhous  carcinoma  and  encephaloid  carcinoma 

of  the  bladder  occur;  they  are,  however,  exceedingly  rare.  Fibroma, 
myxoma,  and  myoma  are  infrequent  tumors  of  the  bladder.  Primary 
sarcoma  of  the  bladder  has  been  reported,  but  is  infrequent;  of  the 
eighty-eight  vesical  neoplasms  studied  by  Albarran,  only  three  were 
sarcomata;  they  are  always  sessile  and  arise  in  the  connective  tissue  of 
the  bladder- wall. 

The  most  frequent  disease  of  the  urethra  is  inflammation  (urethritis), 
which  may  be  acute  or  chronic  and  is  usually  purulent.  A specific 
inflammation  of  the  urethra  due  to  gonococcus  is  called  gonorrhea. 
(See  p.  684.)  After  a brief  period  of  incubation  (usually  a few  days) 
the  mucosa  of  the  urethra  is  reddened,  rapidly  followed  by  a discharge 
which  at  first  is  catarrhal  in  type,  but  soon  contains  a sufficient  number 
of  polymorphonuclear  leukocytes  to  justify  the  name  purulent.  The 
epithelium  desquamates  rapidly,  at  points  exposing  the  membrana  propria 
and  giving  rise  to  intense  irritation  particularly  during  urination.  In 
mild  cases  the  changes  of  the  submucosa  are  not  marked;  when  the  infec- 
tion is  severe  or  has  persisted  for  some  time,  the  polymorphonuclear 
leukocytes  infiltrate  the  connective  tissue  and  may  even  collect  in  sufficient 
numbers  to  give  rise  to  small  abscesses.  Usually  the  inflammation  stops 
short  of  actual  suppuration  in  the  submucosa.  The  intense  swelling  of 
the  earlier  stages  may  constitute  an  obstruction  to  the  flow  of  urine, 
and  is,  in  part  at  least,  the  cause  of  the  so-called  spasmodic  stricture  of 
this  stage.  Often,  after  a period  of  acute  mucopurulent  catarrh,  a chronic 
urethral  discharge  continues,  usually  associated  with  the  development 
of  strictures.  The  latter  are  due  to  the  production  of  fibrous  tissue  in 
the  submucosa,  followed  by  contraction.  They  give  rise  to  irregularities 
and  pockets  in  which  the  infection  persists,  particularly  in  the  posterior 
portion  of  the  urethra  (posterior  urethritis).  The  inflammation  may 
extend  to  the  seminal  sacs,  prostate,  and  epididymis;  the  bladder  is 
frequently  involved.  In  chronic  cases,  particularly  when  strictures  are 
present,  the  ureter  and  pelvis  of  the  kidney  may  become  infected;  oc- 
casionally the  organism  enters  the  blood.  (See  Gonococcemia,  p.  80.) 

Acute  catarrhal  urethritis,  also  called  simple  urethritis,  or  nonspecific 
urethritis,  may  result  from  chemic  irritation,  or  be  due  to  infection  by 
bacteria  other  than  the  gonococcus.  The  staphylococci  and  sometimes 
virulent  colon  bacilli  induce  the  inflammation.  Usually  this  type  of 
urethritis  is  less  intense  than  that  due  to  the  gonococcus.  Other  types 
of  mucous  membrane  inflammation  occasionally  involve  the  urethra,  but 
rarely  give  rise  to  conspicuous  lesions. 


CHAPTER  X. 


ALIMENTARY  CANAL. 

The  alimentary  canal  consists  essentially  of  a tube  extending  from 
the  lips  to  the  anus,  with  dilatation  at  various  points  for  the  temporary 
retention  of  food  during  the  process  of  digestion.  In  the  different 
parts  of  the  canal  are  glands,  the  secretions  of  which  promote  digestion. 
The  largest  of  these  glands  are  anatomically  distinct  from  the  alimentary 
tube,  but  physiologically  they  are  as  much  a part  of  the  canal  as  are  the 
glands  in  the  mucosa;  thus,  the  essential  and  important  secretions  of 
the  mouth  are  supplied  by  the  salivary  glands,  all  of  which  lie  without 
the  mucosa  of  the  oral  cavity;  the  secretion  of  the  stomach  is  from  glands 
in  the  lining  membrane;  the  mucosa  of  the  bowel  yields  the  succus 
entericus,  a product  of  the  intestinal  glands;  the  most  important  secre- 
tions, utilized  in  intestinal  digestion,  come  from  the  pancreas  and  liver. 
As  each  special  part  of  the  alimentary  canal  deals  with  a material  the  chem- 
istry of  which  differs  from  the  contents  in  other  regions,  and  as  there  are 
important  modifications  in  the  anatomy  of  each  division,  the  diseases 
of  the  various  areas  also  differ. 

For  convenience  in  study  the  alimentary  canal  is  divided  into  the 
mouth  (including  the  pharynx),  esophagus,  stomach,  small  intestine, 
and  large  intestine. 


THE  MOUTH. 

The  mucous  membrane  of  the  mouth  consists  of  a thick  layer  of 
stratified  epithelium  resting  upon  a loose  and  elastic  basement  mem- 
brane, under  which  is  a most  abundant  submucosa,  containing  a large 
quantity  of  loose  connective  tissue;  this  is  necessary  in  order  to  enable 
the  mucous  membrane  to  adapt  itself  to  the  sudden  changes  in  volume 
to  which  the  mouth  is  constantly  subjected. 

Malformations  of  the  Mouth.1 — The  mouth  is  developed  from  the 
branchial  arches,  failure  in  the  fusion  of  which  results  in  the  formation 
of  clefts.  When  the  failure  of  union  is  restricted  entirely  to  the  upper 
lip  and  invades  the  soft  parts  only,  the  condition  is  properly  termed 
harelip;  many  writers  include  with  this  condition  fissure  of  the  superior 
maxilla  immediately  under  the  labial  defect.  The  fissure  in  the  lip 
is  usually  directly  below  the  nasai  orifice,  and  in  about  ninety  per  cent, 
of  the  cases  is  restricted  to  one  side.  When  both  sides  are  involved,  the 
condition  is  called  double  harelip.  As  development  of  the  alveolar  process 
and  palate  is  intimately  connected  with  the  union  of  the  soft  parts  form- 
ing the  upper  lip,  it  is  not  infrequent,  when  defects  occur  in  the  latter,  for 
them  to  extend  backward  and  to  involve  the  osseous  structure  that  forms 
the  roof  of  the  mouth.  Such  a condition  is  called  cleft  palate.  The 
fissure  may  be  limited  to  a small  niche  between  the  incisors  and  canine 

1 See  Keith,  Brit.  Med.  Jour.,  vol.  ii,  1909.  Salzer,  Zeitsch.  f.  Heilk.,  Sept.,  1902. 
Grastzer,  Vademecum  der  Kinderpraxis,  1903,  p.  27.  Owen,  Cleft  Palate  and  Hare- 
lip, London,  1904.  % 
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teeth,  or  it  may  extend  entirely  through  the  hard  palate,  converting  the 
nasal  and  oral  spaces  into  one  cavity;  occasionally,  the  failure  of  union 
extends  still  further — a cleft  palate  becomes  cleft  face.  A median  fissure 
situated  in  the  lower  lip,  and  comparable  in  a certain  way  to  harelip,  is 
occasionally  observed,  although  statements  to  the  contrary  are  often 
made.  Double  lips  are  occasionally  encountered. 

More  or  less  faulty  development  of  the  arch  forming  the  inferior 
maxilla  may  result  in  a cleft  at  the  chin  or  in  entire  absence  of  the  bone 
— a condition  known  as  agnathia.  In  the  four  cases  of  agnathia  studied 
by  Kuse1  cartilaginous  structures,  representing  rudimentary  jaws,  were 
present.  This  malformation  is  likely  to  be  associated  with  cyclopia. 
Closure  of  the  fissure  that  enters  into  the  formation  of  the  mouth,  when 
more  marked  than  usual,  gives  rise  to  microstoma.  Failure  to  close 
to  the  usual  degree  leads  to  the  formation  of  an  unusually  large  mouth, 
called  macrostoma.  Arrests  in  development  may  give  rise  to  fistulae, 
through  which  the  mouth  or  pharynx  communicates  with  the  exter- 
nal surface  by  some  abnormal  route.  Occasionally,  passages  which 
were  originally  complete  fistulae  close  at  one  or  both  ends,  thereby 
giving  rise  to  incomplete  fistulae  or  to  closed  cavities  in  which  cystic 
dilatation  may  occur.  As  these  abnormal  tracts  usually  arise  from 
faulty  union  of  the  branchial  arches,  they  are  called  branchial  fistulae, 
or  when  distinct  cavities  are  present,  branchial  cysts.2  The  wall  may 
contain  lymphoid  tissue,  and  occasionally  dilated  lymph-spaces,  which 
may  become  lymphangiomatous;  sometimes  hemangiomata  are  present. 
The  complete  fistulas  ordinarily  extend  from  Rosenmiiller’s  fossa  behind 
the  tonsil,  under  the  digastric  muscle,  and  open  in  the  neighborhood 
of  the  sternocleidomastoid.  The  track  of  such  fistulas,  or  the  cyst  wall, 
can  constitute  the  epithelial  structure  from  which  cancer  (branchiogenic 
carcinoma)  arises.  The  uvula  may  be  bifid  or  fenestrated;  Mullen3 
has  recorded  a supernumerary  uvula.  Malformations  of  the  tongue4 
are  not  frequent.  The  organ  may  be  bifid  or  cleft,  and  occasionally 
the  clefts  give  rise  to  a number  of  lobes — the  lobulated  tongue.  Lingual 
adhesions  to  the  lip,  floor  of  the  mouth,  gums,  and  palate  are  sometimes 
observed.  The  condition  called  tongue-tie  or  ankyloglossia  is  usually 
due  to  an  abnormally  short  frenum,  although  essentially  the  same  result 
may  be  due  to  adhesions.  An  abnormally  large  tongue,  macroglossia, 
may  be  produced  by  hyperplasia  of  the  connective  tissue  of  the  organ, 
but  it  is  usually  a manifestation  of  lymphangiectasis.  Macroglossia 
neurofibromatosa  has  been  described.  Similar  lymphangiectasis  some- 
times affects  the  lip,  in  which  location  it  is  called  macrocheilia.  Eisen- 
drath5  reports  a macrocheilia  due  to  adenomatous  enlargement  of  the 
glands  of  the  labial  mucosa. 

Inflammation  of  the  mouth  is  known  as  stomatitis,6  and  may  be  catar- 
rhal, pseudomembranous,  gangrenous,  hemorrhagic,  or  suppurative. 

1 Munch,  med.  Woch.,  May  28,  1901. 

2 Hammar,  Ziegler’s Beitr.,  1904,  Bd.  xxxvi,  p.  506.  Brunet,  Volkmann’s  Samm- 
lung  klin.  Vortrage,  xii,  Seri.  30,  1904.  Speese,  Univ.  Penna.  Med.  Bull.,  Oct.,  1907. 
Estor  and  Massabuan,  Rev.  de  Chir.,  Sept.,  1908. 

3 Laryngoscope,  May,  1902. 

4 Bywater,  Brit.  Med.  Jour.,  Oct.  12,  1901.  Abbott  and  Shattock,  Trans.  Path. 
Soc.  London,  1903,  vol.  liv,  p.  231.  Rosenak  and  Feldman,  Centralbl.  f.  allg.  Path, 
u.  path.  Anat.,  Jan.  31,  1905,  p.  57. 

5 Annals  of  Surgery,  Sept.,  1904,  p.  320. 

6 For  morbid  anatomy,  morbid  histology,  etc.,  see  Inflammations  of  Mucous 
Membranes,  p.  551. 


ALIMENTARY  CANAL. 


687 


Follicular  stomatitis  is  an  inflammatory  process  in  which  the  follicles 
or  mucous  glands  are  the  seat  of  the  most  active  inflammation,  with 
the  development  of  vesicles,  and  with  closure,  and  finally  distention, 
of  the  ducts,  which  may  terminate  in  coagulation  necrosis  of  the  upper 
layer,  giving  rise  to  small  ulcers. 

Ulcerative  stomatitis,1  also  known  as  putrid  sore  mouth,  occurs  ir 
weak,  debilitated  children,  and  occasionally  in  adults;  improper  feeding 
and  failure  to  keep  the  mouth  clean  may  cause  it;  chronic  poisoning, 
such  as  lead,  mercury,  or  phosphorus,  may  induce  this  condition.  It 
occasionally  shows  a disposition  to  be  contagious,  and  this  suggests 
the  possibility  of  its  being  due  to  a specific  germ,  which,  however,  has 
not  been  demonstrated,  although  successful  inoculation  on  the  healthy 
gum  has  been  practised.  The  disease  may  be  caused  by  the  organisms  of 
Vincent.2  Some  cases  of  ulcerative  stomatitis  are  due  to  the  diphtheria 
bacillus;  in  rare  instances  the  process  may  be  a manifestation  of  tuber- 
culosis or  arise  as  a complication  of  lingual  or  even  pulmonary  infection 
by  the  tubercle  bacillus. 

This  type  of  oral  lesion  usually  begins  as  an  ulcerative  process  in- 
volving the  gum,  and  is  therefore  sometimes  termed  phagedenic  gingivitis. 
It  spreads  superficially  along  the  gingival  margin,  and  gives  rise  to 
loosening  of  the  teeth,  which  may  drop  out.  The  ulcers  rarely  involve 
the  mucosa  of  the  tongue  and  cheek;  the  base  of  the  ulcer  often  contains 
a grayish-white  slough;  the  accompanying  catarrhal  inflammation,  and 
decomposition  of  the  inflammatory  products  and  necrotic  tissue,  give 
rise  to  an  exceedingly  offensive,  sickening  stench,  which  has  led  to  the 
designation,  putrid  or  fetid  stomatitis. 

Foot-and-mouth  disease3  is  evidently  the  result  of  infection,  although 
its  exact  character  has  not  as  yet  been  determined.  The  disease  is 
most  frequent  in  ruminants,  particularly  cows,  but  abundant  evidence 
has  been  accumulated  to  establish  the  fact  that  it  is  communicable 
to  man.  The  disease  is  characterized  by  the  occurrence  of  vesicles  on 
the  buccal  mucosa,  and,  although  less  commonly,  on  the  entire  oral 
mucosa.  The  inflammation  begins  by  evident  hyperemia  and  consid- 
erable thickening  of  the  corium;  vesicles  form  in  the  Malpighian  layer, 
eventually  displacing  the  overlying  comeum,  which  ruptures  and  ex- 
foliates, giving  rise  to  an  ulcer.  These  ulcers  may  become  confluent 
and  attain  a diameter  of  1 or  2 cm.  Many  of  them  consist  of  simple 
erosions  or  of  exfoliations  secondary  to  eruption  of  the  vesicle,  therefore 
not  meriting  the  term  ulcer.  During  the  progress  of  the  affection  in  the 
mouth  there  is  usually  more  or  less  fever,  and  in  the  lower  animals  a sim- 
ilar eruption  appears  on  the  feet. 

Parasitic  or  mycotic  stomatitis,  or  thrush,  is  an  infection  occurring 
most  frequently  in  nursing  children,  and  is  due  to  the  thrush  fungus. 
(See  p.  143.)  This  fungus  does  not  seem  to  attack  the  normal  mucous 
membrane,  but  becomes  engrafted  upon  a mucosa  the  surface  of  which 
is  eroded  or  irritated  by  improper  feeding  or  other  causes;  the  disease  is 
occasionally  seen  in  adults  after  or  during  acute  febrile  processes  or  chronic 
diseases.  The  parasite  pullulates  in  the  interstices  of  the  epithelium  and 
forms  a membrane,  usually  superficial,  but  which  sometimes  extends 
to  the  basement  membrane,  and,  by  mixed  infection,' may  lead  to  ulcera- 

1 Also  see  Vincent’s  angina,  p.  156. 

2 Munro,  Boston  Med.  and  Surg.  jour.,  Dec.  13,  1900. 

3 Brush,  Jour.  Amer.  Med.  Assoc.,  June  20,  1903,  p.  1701. 
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tion.  The  membranous  spots  vary  in  size;  at  first  the  diameter  rarely 
exceeds  4 or  5 mm.  The  erosion  is  commonly  white  or  creamy  white, 
not  easily  detached,  and,  on  microscopic  examination,  contains,  in  ad- 
dition to  the  specific  fungus,  many  extraneous  organisms.  The  disease 
usually  begins  on  the  tongue,  but  may  arise  primarily  on,  or  spread  to, 
the  cheek,  and  thence  to  the  tonsils,  palate,  pharynx,  and  esophagus; 
it  differs  from  the  preceding  forms  of  stomatitis  in  the  presence  of  the 
germ  and  in  the  fact  that  it  is  generally  associated  with  marked  dryness 
of  the  mouth,  in  contradistinction  to  the  ptyalism  that  commonly  ac- 
companies other  forms. 

Aphthous  stomatitis  is  a disease  of  infancy  or  childhood,  but  is  oc- 
casionally observed  in  adults.  The  clinical  history,  the  distribution,  and, 
to  a certain  extent,  the  lesions  indicate  a possibly  infectious  cause.  On 
the  mucous  membrane  small  papules  appear;  these  are  sometimes  con- 
verted into  vesicles,  and  later  undergo  a superficial  necrosis,  giving  rise 
to  what  is  sometimes  incorrectly  termed  an  ulcer.  True  ulceration — that 
is,  involvement  of  the  connective  tissue — is  rare.  The  white,  yellowish- 
white,  or  grayish  erosions  often  present  slightly  elevated  edges,  which  may 
be  hyperemic.  There  is  usually  more  or  less  infiltration  of  the  adjacent 
connective  tissue,  which  does  not,  however,  undergo  necrosis  except  in 
very  rare  instances.  The  erosions  are  commonly  located  on  the  inner 
surface  of  the  lip,  although  any  part  of  the  mouth  may  be  involved. 

Gangrenous  stomatitis1  (also  known  as  cancrum  oris  and  noma ) usually 
begins  as  a gangrenous  process  attacking  the  gums  or  cheeks,  attended 
by  sloughing  in  the  structures  involved.  The  soft  parts  and  bones  may 
become  gangrenous  and  slough  to  such  an  extent  that  the  greater  part  of 
the  face  is  destroyed  by  the  phagedenic  process.  The  disease  usually 
follows  some  of  the  acute  infectious  processes  in  children;  Osier  states 
that  fifty  per  cent,  of  the  cases  follow  measles.  Girls  suffer  more  frequently 
than  boys.  The  affection  is  most  frequent  between  the  second  and  the 
fifth  year,  although  the  cases  the  author  has  seen  have  been  in  older 
children— from  seven  to  nine  years  old.  In  the  beginning  the  affected 
tissues  are  hard  and  edematous,  but  rapidly  become  softer  and  fetid. 
When  involving  the  jaw,  the  teeth  loosen  and  fall  out.  In  many  instances 
a complicating  bronchopneumonia,  the  lesions  of  which  may  become 
gangrenous,  terminates  the  case;  death  may  also  result  from  septicemic 
or  toxemic  complications,  and  in  rare  cases  the  fatal  issue  is  hastened  by 
depleting  hemorrhages.  The  infrequency  of  bleeding  is  attributable  to 
the  extensive  thrombosis  of  the  vessels  in  the  affected  area.  Trambusti 
has  shown  that  the  lesion  is  a progressing  necrosis.  All  attempts  to  es- 
tablish a specific  etiology  for  noma  have  been  unproductive.  The 
organisms  described  by  Lingard,  Trambusti,  Perthes,  von  Ranke,  and 
others,  and  also  pyococci,  typhoid  bacillus,  diphtheria  bacillus,  and 
other  bacteria  occur;  organisms  of  the  spirillum  or  spirochete  group 
are  the  most  frequent  causes. 

Gonorrheal  stomatitis2  sometimes  occurs  in  adults  and  has  been  ob- 
served in  the  newborn  and  nurslings.  It  is  manifested  by  a catarrhal 
or  mucopurulent  inflammation  involving  particularly  the  mucosa  of  the 

1 Strauwen,  Gaz.  Heb.  de  Med.  et  de  Chir.,  Aug.  22,  iqoi.  Oberwarth,  Deut. 
med.  Woch.,  April  23,  1903.  Hofmann  and  Kiister,  Berl.  klin.  Woch.,  Oct.  24,  1904. 
Herrman,  Arch,  of  Pediatrics,  Nov.,  1905.  Weaver  and  Tunnicliff,  Jour.  Infect. 
Dis.,  Jan.  r,  1907.  Neuhof,  Amer.  Jour.  Med.  Sci.,  May,  1910,  p.  705.  See  also 
Noma,  and  bibliography,  p.  248. 

2 Jurgens,  Berl.  klin.  Woch.,  June  13,  1904. 
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gums  and  cheek;  sometimes  a dirty  gray  coating  resembling  pseudo- 
membrane is  formed.  Superficial  erosions  and  even  deeper  ulceration 
are  occasionally  observed. 

Pseudomembranous  stomatitis  is  usually  due  to  the  diphtheria  bacillus, 
but  occasionally  results  from  infection  by  streptococci,  staphylococci, 
the  spirillum  of  Vincent,  and  pneumococci;  it  is  a recognized  complication 
of  pneumonia  and  diphtheria.1 

Tuberculous  stomatitis  is  almost  invariably  secondary  to  infection 
of  the  air-passages,  particularly  the  lungs.  In  the  case  reported  by 


P , . Fig.  331. — Noma. 

ratal  case.  Infection  followed  measles,  was  distinctly  symmetric,  and  without  clear  peripheral  demar- 
cation. Inoculations  developed  an  organism  resembling  the  Bacillus  diphtheria;,  spreads  containing 
the  symbiotic  organisms  of  Vincent  (p.  156).  ( Case  reported  by  Prof.  Rosenberger  ) 8 


V/ alter  the  infection  began  in  the  socket  of  an  extracted  tooth.  Per- 
foration of  the  palate  may  be  due  to  tuberculous  ulceration  of  the  vault 
ot  the  mouth,  but  is  usually  of  syphilitic  origin. 

Syphilis  of  the  mouth,1'  in  the  tertiary  stage  of  the  disease,  usually 
attacks  the  tongue.  The  initial  lesion  affects  the  lip  more  frequently 
than  any  other  part  of  the  oral  cavity.  Of  the  207  extragenital  chancres 
collected  by  Neumann,  106  were  on  the  lips.  The  histology  of  the  lesion 

'Frazier,  Med.  Times,  Dec.,  1903. 

2 See  Morbid  Anatomy  of  Syphilis,  and  also  bibliography,  pp.  156  and  160. 
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in  this  location  is  essentially  the  same  as  in  chancres  occurring  elsewhere. 
Mucous  patches  (see  p.  162)  may  occur  on  almost  any  part  of  the  buccal 
mucosa,  but  are  commonest  on  the  lips  and  palate.  In  the  tertiary 
stage  of  syphilis  gumma  involves  the  mucosa  or  submucosa  or  may  occur 
in  the  deeper  tissues,  particularly  of  the  tongue.  The  ulcerations  of  the 
mouth  accompanying  tertiary  syphilis  may  be  differentiated  from  tuber- 
culosis by  the  demonstration  of  tubercle  bacilli,  the  presence  of  histologic 
tubercles  in  the  lesion,  and  the  absence  of  the  Treponema  pallidum. 
Hyperplasia  of  the  lymphoid  follicles  at  the  base  of  the  tongue  is  occa- 
sionally a manifestation  of  syphilis.  Symmers1  believes  that  genuine 
indurative  atrophy  at  the  base  of  the  tongue  is  invariably  syphilitic;  it  is 
a chronic  sclerosing  or  fibrous  replacement  process. 

Actinomycosis  (p.  145)  frequently  results  from  infections  admitted 
through  the  mouth.  Israel  found  the  organism  in  extracted  teeth  in 
three  of  five  cases  of  actinomycosis,  and  Wright  suggested  that  it  might 
be  a normal  inhabitant  of  the  mouth.  Lord2  believes  that  infection 
usually  occurs  through  the  mouth  and  demonstrated  the  streptothrix 
in  the  teeth  in  11  of  16  cases. 

Oral  sepsis3  should  include  the  various  inflammatory  conditions  affect- 
ing the  mouth  and  attended  by  manifest  infection.  Hunter  believes 
that,  in  addition  to  the  purely  local  influence  exerted  by  septic  processes 
involving  the  oral  mucosa  and  gums  (gingivitis),  important  secondary 
manifestations  are  not  infrequent.  Alveolar  abscess,  periosteitis,  sup- 
purative inflammation  of  the  antrum  and  nasal  sinuses,  tonsils,  pharynx, 
and  middle  ear,  maybe  secondary  to  lesions  primary  in  the  buccal  mucosa. 
Local  infection  traveling  by  the  lymphatics  may  implicate  the  submaxil- 
lary and  anterior  cervical  lymph-nodes.  Inflammations  of  the  gastro- 
intestinal mucosa  may  be  caused  by  pyogenic  organisms  which  are 
primarily  colonized  in  the  mouth.  Hematogenous  infection,  manifested 
by  pleurisy  and  other  forms  of  serositis,  and  even  ulcerative  endocarditis, 
may  have  a similar  origin.  Hunter’s  contention  that  pernicious  anemia 
is  a sequence  of  oral  sepsis  has  not  been  generally  accepted.  A form  of 
alveolar  inflammation,  characterized  by  suppuration  extending  deeply 
into  the  sockets  of  the  teeth,  and  called  pyorrhea  or  pyorrhoea  alveolaris, 
and  by  Arkovy,  caries  alveolaris  specifica,  sometimes  induces  an  acute 
suppurative  inflammation  in,  or  chronic  rarefying  osteitis  of,  the  contiguous 
bone. 

Glossitis,  or  inflammation  of  the  tongue,  is  sometimes  the  result  of  an 
extending  stomatitis  or  arises  in,  and  remains  restricted  entirely  to,  the 
tongue.  The  inflammations  involving  the  surface  of  the  organ  are  usually 
of  the  catarrhal  type.  The  thickness  of  the  epithelial  layers  of  the  lingual 
mucous  membrane,  with  the  irregularity  of  the  papillae,  gives  rise  to  a 
tendency  to  accumulation  of  cells  that  elsewhere  would  readily  des- 
quamate. The  inflammation  may  be  acute  or  chronic,  diffuse  or  circum- 
scribed, superficial  or  deep.  The  circumscribed  form  is  usually  dependent 
upon  an  irritant  that  directly  affects  the  area  involved.  Such  irritation 
may  be  produced  by  the  sharp  edge  of  a tooth,  an  ill-fitting  dental  plate, 
the  pressure  of  a pipe-stem,  or  the  injury  resulting  from  long-continued 

1 Amer.  Jour.  Med.  Sci.,  Dec.,  1910. 

2 Boston  Med.  and  Surg.  Jour.,  1910,  clxiii,  p.  82. 

3 See  papers  by  Hunter,  Goadby,  Godlee,  and  discussion  by  a number  of  observ- 
ers in  the  Brit.  Med.  Jour.,  Nov.  19,  1904,  pp.  1358  to  1372.  Goadby,  Lancet,  Dec. 
25,  1909. 
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flow  of  hot  smoke  against  some  part  of  the  tongue.  Sometimes  the 
local  inflammatory  condition  gives  rise  to  considerable  thickening  of  the 
mucosa,  the  thickened  membrane  becoming  white  or  bluish-white  in  color; 
the  condition  is  commonly  restricted  to  a small  area,  to  which  is  applied 
the  term  “smoker’s  patch,”  leukoplakia,1  or  leucokeratosis.  Bockhart 
has  seen  sixty  cases  of  buccolingual  leukoplakia;  all  the  patients  were 
men,  all  smoked,  and  all  were  syphilitics.  Gaucher  maintains  that  ninety 
per  cent,  to  ninety-five  per  cent,  of  the  patients  have  syphilis. 

Pseudomembranous  glossitis  and  gangrenous  inflammation  of  the 
tongue  are  rare.  Harrington-  reported  an  instance  of  membranous 
glossitis  that  gave  rise  to  an  exfoliated  cast  of  the  tongue.  The  diph- 
theria bacillus,  streptococci,  and  occasionally  pneumococci,  sometimes 
produce  local  exfoliations,  that  resemble  pseudomembrane. 

Inflammation  of  the  tongue  sometimes  begins  in  the  connective 
tissue,  or  the  interstitial  structures  are  involved  secondarily  to  superficial 
inflammation;  the  condition  has  received  the  name  interstitial  glossitis. 
The  process  may  be  chronic  and  associated  with  the  production  of  an 
excess  of  connective  tissue,  or  it  may  be  an  acute  suppurative  lesion, 
which  in  turn  is  sometinges  diffuse,  or  occasionally  accurately  circum- 
scribed, giving  rise  to  what  is  called  lingual  abscess. 

Nigrities  linguae,3  parasitic  glossitis,  glossophygia,  or  black  tongue, 
is  an  affection  of  the  tongue  characterized  by  a blackish,  brownish- 
black,  or  yellowish  coating  developing  near  the  median  line  and  becoming 
less  intense  as  the  margins  of  the  organ  are  approached.  In  one  re- 
ported case  the  whole  surface  of  the  tongue  was  involved.  A hairy 
appearance  is  sometimes  produced  by  prolongation  and  thickening 
of  the  epithelium  of  the  filiform  papillae.  A number  of  microorganisms 
have  been  observed  in  the  lesions,  but  it  is  not  known  that  the  condition 
is  specific.  The  affection  is  usually  unattended  by  important  symptoms. 

Riga’s  disease,4  or  sublingual  growth  in  infants,  is  characterized 
by  an  ulcerative  or  pseudomembranous  lesion,  on  the  under  surface 
of  the  tongue  and  involving  the  frenum.  The  process  may  be  pseudo- 
membranous or  ulcerative,  is  probably  of  infectious  origin,  and  due, 
in  part,  at  least,  to  injury  of  the  affected  tissues  by  the  lower  incisor 
teeth.  The  condition  occurs  in  nursing  infants  particularly,  and  appears 
as  an  ulcerative  or  necrotic  process  in  the  area  indicated,  followed  by 
a granulomatous  growth,  which,  in  some  cases,  resembles  a papilloma 
or  fibroma.  Evidently  the  new  growth  is  of  inflammatory  origin  and 
probably  may  be  produced  by  a number  of  causes. 

Ludwig’s  angina,5  acute  infectious  submaxillary  angina,  diffuse  sub- 
maxillary cellulitis,  and  diffuse  suppuration  of  the  floor  of  the  mouth 
are  names  given  to  a septic  process  involving  the  tissues  beneath  the 
tongue  and  jaw  and  often  extending  to  the  structures  around  the  larynx 
and  pharynx  and  sometimes  into  the  cellular  tissues  of  the  neck.  It  is 
probably  closely  related  to,  if  not  identical  with,  the  woody  phlegmon 
of  the  neck  described  by  the  French  writers.  The  tissues  of  the  floor 

1 Bockhart,  Monatsch.  f.  prakt.  Derm.,  Feb.  to  May,  1902,  No.  4.  Grancher 
La  Presse  Med.,  July  8,  1903,  p.  493.  Ferrand,  La  Presse  Med.,  June  29,  1907. 

Toronto  Clin.  Soc.,  May  7,  1902;  Jour.  Amer.  Med.  Assoc.,  May  24,  1902. 

3 Blegvad,  Jour.  Otol.  Rhinol.  and  Laryngol.,  Sept.,  1908. 

4 Audard,  Rev.  Mens,  des  Mai.  de  l’Enfance,  Feb.,  1902.  Amberg,  Amer  Jour 
Med.  Sci.,  Aug.,  1903,  p.  257.  See  also  papers  in  Deutsch.  Arch.  f. ’ Kinderheilk 
r9°4,  xl.  Thomas,  Annals  of  Surgery,  Feb. -March,  1908. 

5 Merkel,  Centralbl.  f.  Chir.,  1904,  xxxi,  No.  48. 
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of  the  mouth  become  indurated,  the  tongue  is  forced  upward  and  back- 
ward, and  a brawny  swelling  occupies  the  submaxillary  space,  sometimes 
extending  to  or  beyond  the  sternocleidomastoid  muscle,  and,  though 
rarely,  downward  to  the  clavicle.  Hamann  has  reported  a case  in  which 
the  infection  resulted  from  pyorrhoea  alveolaris  Semon  regards  Ludwig’s 
angina,  abscess  of  the  pharynx,  erysipelas  of  the  pharynx,  and  edema  of 
the  larynx,  as  closely  allied  manifestations  of  infection  by  a number  of 


Fig.  332. — Tongue, 1 Pharynx,  Epiglottis,  etc.,  from  Case  of  Ludwig’s  Angina  due  to  the 

Pneumococcus. 

A.  upper  margin  of  ulcerated  lingual  lymph-node  (lingual  tonsil).  B.  Lymph-node  at  base  of  anterior 
arch;  this  node  is  eroded  and  almost  dissected  out  by  the  necrotic  process.  C.  Necrotic  tonsil;  the 
surface  shows  depressions  resulting  from  necrosis  of  follicles ; the  corresponding  tonsil  on  the  opposite 
side  has  been  cast  off.  D.  Ulcer  in  the  mucosa;  just  below  this  are  two  prominent  follicles.  E. 
One-half  of  ulcerating  pharyngeal  tonsil.  The  other  half  can  be  seen  on  the  other  side.  F.  Free 
margin  of  the  swollen  and  necrotic  epiglottis.  The  leader  from  letter  F runs  directly  into  the  ulcer 
on  one  side.  G.  Glottis  and  upper  part  of  larynx  containing  corrugated  masses  of  pseudomembrane. 
H.  Similar  membrane  on  the  anterior  pharyngeal  wall. 


bacteria.  The  organisms  commonly  found  are  streptococci,  pneumo- 
cocci, staphylococci,  and  less  frequently  other  pyogenic  bacteria.  Infec- 
tion usually  occurs  from  ulcers,  necroses,  and  injuries  in  the  floor  of  the 
mouth  or  in  the  pharynx.  In  the  case  reported  by  Aldrich  the  primary 
lesion  involved  the  frenum  of  the  tongue.  Microscopic  examination  of  the 
affected  tissue  shows  a widely  distributed  edema,  often  some  fibrin,  and 
extensive  infiltration  by  polymorphonuclear  leukocytes.  Collections  of 
pus  amounting  to  abscesses  are  usually  absent.  Pseudomembranous  and 
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necrotic  processes  involving  the  tonsils,  pharynx,  and  larynx  may  accom- 
pany the  condition. 

The  tonsils  are  so  situated  that  they  are  particularly  exposed  to 
infection;1  they  also  possess  a structure  that  specially  adapts  them  to 
the  entrance  of  bacteria.  The  histologic  demonstration  that  the  sur- 
face is  not  uniformly  covered  by  epithelium,  and  that  bacteria  may 
traverse  the  tonsil  without  giving  rise  to  important  structural  altera- 
tions in  the  organ,  render  it  evident  why  infection  of  the  tonsil  is  fre- 
quently manifested  by  lesions  elsewhere  than  in  the  organ. 

Tonsillitis,  also  called  amygdalitis,  is  an  inflammation  of  the  tonsil. 
It  may  be  acute  or  chronic,  superficial  or  deep;  the  latter  is  sometimes 
called  parenchymatous  tonsillitis.  An  inflammation  of  the  contiguous 
connective  tissue,  frequently  involving  the  tonsil,  is  known  as  periton- 
sillitis, and  is  usually  suppurative. 

Acute  tonsillitis-’  may  result  from  infection  by  a number  of  bacteria; 
it  may  be  the  only  conspicuous  local  symptom  of  infection  by  the  diph- 
theria bacillus  and  also  results  from  the  local  action  of  streptococci, 
staphylococci,  or  pneumococci.  Darieu3  states  that  three  per  cent,  of  the 
cases  are  due  to  the  pneumococcus.  The  tonsillar  enlargements  ac- 
companying influenza  are  probably  induced  by  the  Pfeiffer  bacillus 
(Kamen).  Tonsillar  inflammation  may  be  due  to  the  spirillum  of  Vin- 
cent (see  p.  156).  The  bacteriology  of  the  condition  indicates,  and  a 
clinical  study  of  cases  shows,  that  the  affection  is  often  contagious. 
Those  afflicted  by  rheumatism  or  gout  seem  particularly  susceptible 
to  the  condition.  In  scarlet  fever,  measles,  smallpox,  and,  less  fre- 
quently, typhoid,  definite  tonsillar  swelling  and  sometimes  fully  de- 
veloped tonsillitis  occur.  When  inflamed,  the  tonsil  is  red,  swollen, 
tender,  and,  in  the  earlier  stages,  the  surface  is  dry  and  glazed.  The 
superficial  change  may  be  that  of  a catarrhal  inflammation.  Often  the 
crypts  are  distended  by  a white,  or  creamy  white,  semisolid  exudate, 
justifying  the  name  lacunar  or  follicular  tonsillitis. 

Tonsillar  abscess,  suppurative  interstitial  tonsillitis,  or  quinsy  is 
an  acute  inflammation  of  the  tonsil  attended  by  the  formation  of  pus 
in  the  interior  of  the  organ.  It  probably  results  from  infection  through 
the  crypts  and  sometimes  follows  acute  follicular  inflammation.  The 
suppuration  may  arise  in,  or  extend  to,  the  peritonsillar  tissue,  and 
occasionally  involves  the  submucosa  of  the  contiguous  pharynx.  Ca- 
tarrhal and  also  follicular  tonsillitis  is  commonly  bilateral;  the  sup- 
purative or  phlegmonous  lesion  rarely  involves  both  sides  simultaneously. 

Chronic  tonsillitis  is  characterized  by  an  inflammation  of  slight 
intensity  extending  over  a long  period.  In  some  cases  the  follicles  are 
particularly  involved  and  the  parenchyma  but  slightly  altered;  this 
form  is  called  chronic  lacunar  tonsillitis.  The  chronic  interstitial'  ton- 
sillitis may  be  hyperplastic  or  fibroid.  The  former  is  attended  by  notable 
increase  in  the  lymphoid  tissue  of  the  organ,  and  proliferation  of  the 
endothelial  cells  lining  the  lymph-sinuses.  The  resulting  structure  is 
soft  and  histologically  identical  with  postnasal  adenoids,  described  on 

1 Hoche,  Revue  Med.  l’cest,  Oct.  1,  1902.  Kamen,  Centralbl.  f.  Bakt.  Nov  20 
1903,  p.  150.  Wood,  Univ.  of  Penna.  Med.  Bull.,  Oct.,  1904.  Gurich,  Munch,  med’ 
Woch.,  Nov.  22,  1904,  p.  2089.  Wright,  Med.  News,  March  4,  1905,  p.  385.  Fred- 
rick, California  State  Jour,  of  Med.,  1905,  iii,  43,  No.  2.  Sec  also  p.  91,  and  Ingestion 
Tuberculosis,  p.  149.  Adler,  New  York  Med.  Jour.,  March  31,  1906. 

2 Wood,  Annals  of  Otol.  Rhinol.  and  Laryngol.,  March  1000 

3 These  de  Lyon,  1902. 
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p.  572.  In  other  cases  the  conspicuous  alteration  is  an  increase  in  the 
fibrous  tissue,  rendering  the  tonsil  firm  and  later,  by  contraction,  atrophied. 
This  condition  may  come  on  insidiously  or  follow  the  hyperplastic  form. 

Tuberculosis  of  the  tonsil1  probably  occurs  more  frequently  than 
the  clinical  studies  indicate.  Friedmann,  in  an  examination  of  145 
cases,  found  the  tonsil  tuberculous  in  17,  of  which  12  were  primary. 
The  affected  tonsil  may  be  of  normal  size  and  frequently  the  histologic 
lesions  of  tuberculosis  are  absent.  In  such  cases  the  diagnosis  rests  upon 
the  demonstration  of  tubercle  bacilli,  preferably  by  animal  inoculation. 
Koplik  believes  that  whenever  the  cervical  lymph-nodes  are  the  seat 
of  tuberculosis,  without  evidence  of  general  infection,  we  may  safely 
conclude  that  the  bacillus  entered  through  the  tonsil.  In  clearly  defined 
cases  of  tonsillar  tuberculosis  white  or  grayish  dotlets,  visible  through 
the  mucosa,  are  followed  by  superficial  necrosis  and  ulceration,  at  first 
superficial,  but  later  enlarging  by  coalescence  of  contiguous  necrotic 
areas  and  extending  into  the  lymphoid  tissue.  Often  such  organs  are 
edematous  and  the  amount  of  swelling  varies  in  different  cases.  Tuber- 
culosis of  the  tonsil  and  syphilis  may  be  concurrent. 

Actinomycosis  of  the  tonsil2  is  exceedingly  rare.  Cheattie  and 
Emery  state  that  the  instance  they  report  is  probably  the  second  authentic 
case. 

Pharyngitis,  or  inflammation  of  the  pharynx,  also  called  angina, 
results  from  infection  by  a number  of  organisms  and  accompanies  the 
infectious  diseases  in  which  throat  lesions  are  common.  It  may  be 
due  to  the  diphtheria  bacillus,  pneumococcus,  streptococcus,  spirillum 
of  Vincent,  and  occasionally  Friedlander’s  bacillus.  According  to  Cion- 
nini,3  there  are  twenty-four  recorded  cases  due  to  the  pneumobacillus. 
There  are  a number  of  predisposing  causes  influential  in  the  production  of 
pharyngeal  inflammation.  These  include  exposure  to  cold,  chilling,  irrita- 
tion by  tobacco,  and  the  inhalation  of  irritating  fumes.  Pharyngeal  in- 
flammation is  said  to  be  particularly  frequent  in  the  gouty  and  rheumatic, 
and  in  patients  afflicted  by  chronic  renal  inflammation.  The  chronic 
forms  are  especially  common  among  alcoholics,  who  are  also  abnormally 
susceptible  to  acute  attacks.  Several  forms4  of  the  affection  are  recognized. 

Acute  catarrhal  pharyngitis  is  manifested  by  redness,  dryness,  and 
swelling  of  the  mucous  membrane,  followed  by  a catarrhal  exudate. 
Cellular  infiltration  of  the  submucosa  is  frequently  marked.  The  palatine 
arches  and  the  uvula  usually  participate  in  the  process.  After  a few 
days  the  mucosa  is  bathed  in  an  inflammatory  exudate,  the  epithelium 
desquamated,  and  the  submucous  vessels  conspicuous.  The  condition 
may  be  prolonged  in  the  subacute  form,  or  repeated  attacks  may  lead 
to  chronic  pharyngitis. 

Chronic  pharyngitis,  also  called  chronic  pharyngeal  catarrh,  frequently 
follows  the  acute,  particularly  when  the  constitutional  conditions  men- 
tioned above  favor  prolongation  of  the  affection.  In  childhood  and 
adolescence  the  condition  is  commonly  a manifestation  of  adenoids  (see 

1 Glas,  Wien.  klin.  Woch.,  1903,  No.  36.  Koplik,  Amer.  Jour.  Med.  Sci.,  Nov.. 
1903,  P-  816.  Kingsford,  Lancet,  Jan.  9,  1904,  p.  89.  Levy,  Jour.  Amer.  Med, 
Assoc.,  Oct.  29,  1910,  p.  1520.  Wood,  Jour.  Amer.  Med.  Assoc.,  May  6,  1905,. 
p.  1425. 

2 Cheattie  and  Emery,  Laryngological  Soc.  London,  Nov.  4,  1904;  Lancet,  Nov~ 
19,  1904,  p.  1426.  Thevenot,  Gaz.  des  Hop.,  Nov.  27,  1904. 

3 Rif.  Med.,  June  17,  1903. 

4 See  Inflammations  of  Mucous  Membranes,  p.  551. 
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p.  572).  Pharyngeal  catarrh  is  sometimes  associated  with  chronic 
tonsillar  inflammation  and  generally  accompanies  postnasal  catarrh. 
The  surface  of  the  mucosa  is  spotted  here  and  there  by  an  accumulation 
of  thick,  grayish  mucus.  The  reddening  may  not  be  marked,  although 
in  some  cases  the  hyperemia  persists.  Cellular  infiltration  of  the  sub- 
mucosa, and  proliferation  of  the  lymphoid  tissue,  may  greatly  thicken 
the  membrane,  giving  rise  to  the  condition  called  hyperplastic  or  hyper- 
trophic pharyngitis.  The  atrophic  form,  also  known  as  pharyngitis  sicca, 
is  often  a later  stage  of  the  preceding  or  may  arise  independently.  The 
mucous  membrane  is  usually  not  so  intensely  hyperemic,  is  dry,  and  often 
appears  wasted.  The  discharge  is  more  tenacious,  and  adheres  closely 
to  the  mucosa.  Granular  areas  containing  hyperplastic  lymphoid  tissue 
are  sometimes  present. 

Pseudomembranous  pharyngitis  is  usually  diphtheric,  but  may  be 

produced  by  any  of  the  organisms  mentioned  above.  In  many  cases 
the  membrane  formation  is  primary  in  the  pharynx;  in  other  instances 
it  develops  from  extension,  the  lesions  beginning  on  the  tonsils  or,  less 
commonly,  on  the  buccal  mucosa. 

Phlegmonous  pharyngitis  may  be  diffuse  or  circumscribed;  the  former 
is  an  infection  of  the  submucosa  giving  rise  to  an  extensive  infiltration 
by  polymorphonuclear  leukocytes.  The  structural  changes  occurring 
in  the  submucosa  are  essentially  similar  to  the  interstitial  alterations  of 
the  connective  tissue  observed  in  Ludwig’s  angina.  The  circumscribed 
form  of  the  lesion  is  called  pharyngeal  abscess  and  is  usually  located 
between  the  mucosa  and  the  vertebrae.  It  is  said  to  be  more  frequent 
in  the  rickety  and  tuberculous,  and  in  the  debilitated;  it  may  be  secondary 
to  vertebral  disease  or  follow  nonsuppurative  pharyngeal  inflammations. 
Semon  states  that  it  may  be  produced  by  blows  or  injuries,  and  probably 
results  from  suppurative  inflammation  of  the  submucous  lymphoid  tissue. 

Pharyngomycosis  leptothricia1  is  a rare  affection  of  the  pharyngeal 
mucous  membrane. 

Tuberculosis  of  the  pharynx  may  be  acute  or  chronic,  primary  or 
secondary.  But  a few  cases  of  the  primary  form  have  been  reported. 
In  an  occasional  case  of  acute  miliary  tuberculosis  tubercles  can  be  detected 
in  the  pharynx  and  uvula.  The  usual  form  of  pharyngeal  tuberculosis 
is  a chronic  ulcerative  process,  attended  by  the  formation  of  nodular 
granulations  and  ulcers,  and  is  secondary  to  pulmonary  infection. 

Syphilis  of  the  pharynx  may  be  characterized  by  more  or  less  specific 
lesions  of  the  disease  or  be  manifested  by  acute,  or,  more  commonly, 
chronic,  pharyngeal  catarrh.  Pharyngeal  chancres  are  rare.  During 
the  secondary  stage  of  syphilis  erythematous  reddening  and  mucous 
patches  are  frequently  present ; the  latter  may  be  bilateral  and  symmetric. 
The  gumma2  of  the  tertiary  period  and  of  hereditary  syphilis  involves  the 
posterior  pharyngeal  wall  as  a sessile  induration,  which  may  progress  to 
softening  and  ulceration.  The  resulting  ulcer  is  rather  deep,  crater-like, 
and  possesses  perpendicular  edges,  and  sometimes  an  undermined  margin. 
The  floor  of  the  ulcer  frequently  contains  necrotic  tissue  and  grayish, 
mucopurulent  material.  Occasionally  ulcers  arise  independently  of  gum- 
mata,  although  upon  this  point  authorities  are  not  agreed.  The  cure  of 
such  ulcers,  or  the  cicatrization  of  gummata,  may  leave  thin,  grayish 
scars  in  the  pharyngeal  mucosa. 

1 See  Leptothricosis,  p.  150. 

2 Lachappelle,  These  de  Paris,  1907. 
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Diphtheria1  is  one  of  the  most  common  of  the  grave  infections  in- 
volving the  tonsils,  pharynx,  nose,  and  laryngeal  mucosa.  It  may 
attack  the  lips,  gums,  and  buccal  mucosa,  as  well  as  the  structures  just 
mentioned.  Of  the  220  cases  examined  by  Councilman,  Mallory,  and 
Pearce,  a definite  membrane  was  present  in  127.  It  was  on  the  tonsils 
in  65;  epiglottis,  in  60;  larynx,  in  75;  trachea,  in  66;  pharynx,  in  51; 
mucosa  of  nares,  in  43;  bronchi,  in  42;  soft  palate,  including  uvula,  in  13; 
esophagus,  in  12;  and  on  the  tongue  in  9.  Burrows  states  that  in  1528 
cases  of  diphtheria  the  membrane  was  on  both  tonsils;  in  243  cases  on 
one  tonsil;  in  404  cases  on  the  uvula;  in  173  cases  on  the  posterior  pharyn- 
geal wall;  in  244  cases  on  the  palate;  in  12  patients  the  lips  were  involved, 
and  in  3 the  tongue.  The  membrane  occurred  in  the  nose  in  71 ; the  inner 
surface  of  the  cheek,  external  auditory  canal,  outer  canthus  of  eye,  and 
vulva  were  each  involved  in  one  instance.  In  33  consecutive  cases  of 
membranous  rhinitis  Lack  found  diphtheria  bacilli.  It  is  to  be  remem- 
bered that  infection  by  the  Klebs-Lofiler  bacillus  may  be  manifested  by 
catarrhal,  gangrenous,  or  pseudomembranous  lesions.2  In  typic  cases 
there  is  a marked  hyperemia,  followed  by  exudate  in  the  submucosa, 
which  commonly  produces  a notable  swelling.  Fluid  portions  of  this 
exudate,  and  often  many  leukocytes,  pass  through  the  surface,  undergo 
necrosis,  and  form  the  membrane;  the  necrosis  may  extend  into  the 
submucosa  and  involve  the  contiguous  tissues.  This  process  gives  rise 
to  a grayish  or  grayish-yellow,  dirty  membrane,  or  when  thicker  it  may  be 
almost  black.  Separation  of  the  dead  tissue  occasionally  produces 
definite  ulcers.  In  the  earlier  stages  the  margin  of  the  necrotic  tissue  is 
indefinitely  outlined,  but  when  separation  has  begun,  the  periphery  is 
often  sharpty  defined.  The  visceral  lesions  of  the  affection  will  be  found 
enumerated  on  page  90.  Mixed  infections  are  the  rule,  the  concurrent 
bacteria  being  streptococci,  staphylococci,  and  pneumococci.  The 
glandular  enlargements  accompanying  the  disease  are  due  to  the  action 
of  toxins  or  the  entrance  of  associated  bacteria.  Chronic  diphtheria  may 
result  from  prolongation  of  an  acute  attack,  the  bacillus  remaining  in  the 
discharges  from  the  affected  mucosa;  or,  as  originally  pointed  out  by 
Concetti,  the  affection  may  be  chronic  from  the  beginning,  at  no  time 
manifesting  the  virulent  phenomena  of  typic  acute  diphtheria.  In  these 
cases  the  pharynx  or  nasal  mucosa  is  slightly  reddened,  and  pseudo- 
membrane formation  is  inconspicuous  or  absent.  In  Neufeld’s  case 
virulent  bacilli  were  present  for  five  months.  Symptoms  of  systemic  in- 
toxication are  usually  absent.  The  late  Dr.  Packard  referred  to  such  cases 
as  bacteriologic  diphtheria,  distinguishing  them  from  the  more  evident 
forms,  which  he  called  clinical  diphtheria.  Pavlovski3 4  proposes  for  this 
form  of  infection  the  name  diphtheromycosis.  A small  percentage  of  cases 
of  chronic  follicular  tonsillitis  belong  with  this  group. 

Under  the  name  diphtheroid  angina1  or  pseudodiphtheric  angina  are 

1 See  p.  88.  Councilman,  Mallory,  and  Pearce,  A Study  of  the  Bacteriology 
and  Pathology  of  Two  Hundred  and  Twenty  Fatal  Cases  of  Diphtheria,  1900; 
Pearce,  Proceed.  Path.  Soc.  of  Phila.,  June,  1901;  Neufeld,  Deut.  med.  Woch., 
May  12,  1904;  Rose,  Practitioner,  1908,  p.  135. 

2 See  Inflammation  of  Mucous  Membranes,  p.  551. 

3 Roussky  Vratch,  Jan.  29,  1903. 

4 Michelazzi,  II  Policlinico,  Rome,  1904,  No.  9.  Testevin  and  Basquet,  La 
Presse  Med.,  Sept.  3,  1904,  p.  565;  Hill,  Boston  Med.  and  Surg.  Jour.,  Dec.  15,  1904;  • 
Vincent,  Lancet,  May  18,  1905,  p.  1260.  See  also  ulceromembranous  stomatitis, 
p.  173.  Diplococcus  pneumoniae,  p.  109;  and  streptococcus  infections,  p.  115. 
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included  a number  of  conditions  clinically  and  anatomically  resembling 
diphtheria,  but  due  to  causes  other  than  the  Klebs-Loffler  bacillus. 
Hill  found  that  in  1251  cases,  clinically  diagnosed  diphtheria,  cultures 
from  37.25  per  cent,  did  not  yield  the  diphtheria  bacillus.  Less  than 
half  of  the  cases  examined  by  Michelazzi  contained  the  Klebs-Loffler  bacil- 
lus. The  organisms  producing  this  condition  are  pneumococci,  strepto- 
cocci, staphylococci,  bacillus  of  Friedlander,  and  less  commonly,  other 
organisms.  The  lesions  in  many  cases  cannot  be  differentiated  from 
those  depending  upon  the  diphtheria  bacillus.  The  systemic  phenomena 
are  usually  less  marked,  but  even  this  criterion  is  untrustworthy.  It  is 
probable  that  many,  if  not  all,  of  these  forms  are  as  communicable  as  true 
diphtheria. 

Tumors  of  the  Mouth  and  Pharynx.1 — An  interesting  abnormality 
is  sometimes  seen  at  the  base  of  the  tongue  at  or  near  the  point  where 
the  thyroglossal  duct  once  opened.  This  consists  of  a tumor-like  forma- 
tion composed  of  more  or  less  normal  thyroid  tissue,  and  is  called  lingual 
goiter.  Its  unusual  position  is  dependent  upon  the  fact  that  during 
fetal  life  the  duct  of  the  gland  opened  at  this  point,  and  ectopic  portions 
of  thyroid  tissue,  undergoing  hyperplasia  later  in  life,  give  rise  to  dis- 
tinct tumors  usually  of  the  adult  epithelial  type.  Papillomata  occur  on 
the  tongue  and  cheek,  rarely  in  the  posterior  part  of  the  mouth  or  in  the 
pharynx.  Adenomata  may  involve  the  tonsil,  and  occasionally  the 
pharyngeal  wall;  Theisen2  has  collected  the  cases  of  lipoma  of  the 
tonsil,  of  which  six  are  recorded.  Of  the  atypic  epithelial  tumors, 
the  squamous  epithelioma  is  the  most  common;  its  usual  seat  is  upon 
the  tongue  or  lips,  more  commonly  the  latter;  squamous  epithelioma 
of  the  lip  is,  of  all  forms  of  cancer,  the  most  frequent.  Of  the  350  cases 
observed  by  Stoker,  but  three  occurred  in  women;  the  three  females 
were  smokers.  In  4 cases  the  tumor  was  situated  in  the  upper  lip.  He 
has  not  observed  the  condition  in  patients  under  thirty  years  of  age. 
Of  the  34  cases  of  cancer  of  the  tongue  reported  by  Boyd  and  Unwin 
27  began  in  some  part  of  the  organ  and  7 arose  in  the  frenum;  3 of  the 
patients  were  women;  the  youngest  was  forty-two  years.  Hutchinson 
believes  that  in  thirty  per  cent,  of  the  cancers  of  the  tongue  there  is  a 
history  of  syphilis.  Rodieger3  states  that  in  30  cases  of  lingual  cancer 
the  first  manifestation  was  a nodule  in  14  and  an  ulcer  in  10.  Butlin 
and  Spencer  describe  a form  of  atrophic  cancer  of  the  tongue;  in  one  of 
the  reported  cases  the  right  half  of  the  tongue  was  completely  withered 
and  the  secondary  deposits  also  showed  atrophy.  Fripp  and  Swan 
have  analyzed  44  recorded  cases  of  sarcoma  of  the  tongue,  of  which 
they  think  but  29  are  certainly  of  this  nature.  The  largest  recorded 
specimen  weighed  400  gm.;  a pedunculated  form  of  lingual  sarcoma 
has  been  observed.  Pharyngeal  polyps  and  sessile  tumors  of  the  pharyn- 
geal wall  are  rare.  Dermoid  tumors  of  the  tongue,  pharynx,  and  buccal 
floor  are  occasionally  observed.  The  lymphangiectases  have  been  de- 
scribed (see  p.  686).  Of  the  adult  connective-tissue  tumors,  lipomata, 
fibromata,  myomata,  chondromata,  hemangiomata,  and  lymphangiomata 
occur.  The  last  of  these  occur  as  macrocheilia,  or  lymph  lip,  and  macro- 
glossia,  or  lymph  tongue;  these  conditions  are  sometimes  spoken  of  as 
lymphangiectases,  or  dilatations  of  the  lymphatics  in  the  tongue  and  lip 

1 The  Practitioner,  May,  1903,  is  largely  devoted  to  tumors  of  the  mouth. 

2 Laryngoscope,  Aug.,  1903. 

3 Beitr.  z.  klin.  Chir.,  Bd.  xxi,  H.  2. 
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respectively.  Of  the  sarcomata,  or  atypical  connective-tissue  tumors,  but 
few  occur  in  the  mouth;  myeloid  sarcoma  of  the  lower  jaw  is  the  most 
common  form. 

An  epulis  is  a tumor  situated  on,  or  springing  from,  the  gum.  It 
may,  therefore,  be  a papilloma,  carcinoma,  fibroma,  sarcoma,  or  other 
tumor  in  that  situation.  In  a statistical  study  of  118  tumors  of  the 
upper  jaw  Stein1  found  that  64  patients  were  men;  forty-nine  per  cent, 
of  the  tumors  were  carcinomata  and  twenty  per  cent,  sarcomata.  He 
states  that  cancer  usually  begins  in  the  antrum  of  Highmore  and  sar- 
coma in  the  alveolar  process.  Giant-cell  sarcoma  of  the  jaw  is  one 
of  the  frequent  neoplasms  involving  the  mouth.  (See  p.  351.)  Refer- 
ence has  already  been  made  to  pharyngeal  and  postnasal  adenoids. 
(See  p.  572.)  A neoplasm  of  vast  surgical  and  clinical  importance  is 
the  retropharyngeal  sarcoma — a tumor  springing  from  the  submucosa 
or  osseous  structures  of  the  pharyngeal  vault.  It  usually  attains  a 
high  degree  of  malignancy,  and  its  peculiar  location  renders  removal 
difficult.  Endotheliomata  of  the  pharynx  and  tonsil  are  infrequent; 
Eve2  reports  two  cases. 

Odontoma3  (tooth  tumor)  is  a neoplasm  arising  from  “rests”  of  dental 
structures  and  are  consequently  sometimes  called  embryoplastic  odon- 
tomes.  The  epithelioma  odontoma  or  cystic  epithelial  tumor  is  com- 
posed of  collections  of  cysts  and  usually  involves  the  lower  jaw.  Histo- 
logically they  consist  of  branching  cylinders  of  epithelial  cells  the  outer 
layer  of  which  is  usually  columnar  in  type  and  the  center  often  degene- 
rated. Follicular  odontoma  (dentigerous  cyst)  forms  cystic  masses 
which  usually  arise  from  developing  permanent  or  supernumerary  teeth. 
The  cyst  wall  varies  in  thickness;  the  cavity  contains  viscid  fluid  and 
some  part  or  the  whole  of  a developing  tooth.  When  the  fibrous  capsule  is 
greatly  thickened  the  mass  may  be  mistaken  for  fibroma.  When  the 
tooth  enlarges  and  the  capsule  thickens  and  ossifies  a cementum  investure 
is  formed — cementoma.  Irregular  ossification  results  in  the  formation  of 
denticles  (tooth-like  bodies)  composed  of  cementum,  dentine,  and  enamel. 
The  radicular  or  root  odontoma  arises  from  the  roots  of  teeth  the  crowns 
of  which  are  developed  and  consist  of  dentine  and  cementum.  Composite 
odontoma  contains  enamel,  dentine,  and  cementum  and  often  arises  from 
rudiments  of  several  teeth  indiscriminately  fused.  They  resemble  exos- 
toses and  often  involve  the  antrum. 

SALIVARY  GLANDS. 

Parotitis,4  or  mumps,  is  an  infectious  inflammation  occurring  in  the 
parotid  gland.  It  is,  no  doubt,  due  to  some  form  of  infection,  although 
the  exact  nature  of  the  infectious  agent  is  still  a matter  for  investigation. 
A diplococcus  found  by  several  observers  has  been  recently  investigated 
by  Herb  who  produced  parotitis  in  dogs.  In  mumps  the  parotid  is 
swollen  and  mononuclear  leukocytes  are  found  in  the  interstitial  tissue. 
Testicular  metastasis  and  also  pancreatitis  may  accompany  or  follow 
mumps.  Sharp  believes  that  pancreatitis  may  be  the  first  symptom 

1 Arch.  f.  klin.  Chir.,  1902,  Bd.  lxv. 

2 Clinical  Jour.,  June,  1910. 

3 Strumpf,  Centralbl.  f.  allg.  Path.,  May,  1910.  Bland-Sutton,  Tumors,  Innocent 
and  Malignant,  1907.  Eve,  Brit.  Med.  Jour.,  June  29,  1907,  p.  1525. 

4 Sharp,  Lancet,  Jan.  16,  1909;  Herb,  Arch.,  Intern.  Med.  Sept.  15,  1909. 
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of  mumps;  this  view  is  not  generally  held.  A chronic  infection  may  oc- 
cur in  any  of  the  salivary  glands.  The  parotid  seems  more  or  less  sus- 
ceptible to  septic  influences,  and  is  not  infrequently  inflamed  during 
septic  diseases,  and  occasionally  in  ordinary  febrile  processes;  the  condition 
is  referred  to  as  parotid  bubo.1  Acute  inflammation  of  the  parotid  gland 
sometimes  follows  operation,  particularly  on  the  abdomen.  Marchetti 
recognizes  three  types  of  postoperative  parotitis;  (1)  a mild  catarrhal  in- 
flammation (33  per  cent,  of  the  cases)  with  slight  swelling  and  tenderness, 
but  not  terminating  in  suppuration  and  usually  subsiding  in  about  one 
week.  (2)  Suppurative  parotitis  ending  in  abscess  formation,  often  fatal 
and  frequently  associated  with  symptoms  of  severe  sepsis;  this  group  in- 
cludes about  48  per  cent,  of  all  cases.  (3)  A mild  suppurative  form,  the 
pus  escaping  by  the  parotid  duct.  The  infection  may  be  from  the  mouth 
by  way  of  the  duct,  sialogenic  infection,  or  from  blood,  hematogenic  in- 
fection, or  due  to  unrecognized  trauma  during  the  operation. 


PIG- 333-  Section  from  Right  Parotid.2  (Carbol-toluidin-blue  and  eosin.  Bausch  and  Lomb,  2/3-inc4 
T . obj.,  Oc.  B.) 

a,  a.  Normal  . lobules,  b.  Thickened  trabeculae,  c.  Cellular  infiltration  into  a lobule,  d.  A duct  the 
■wall  of  which  is  thickened  and  infiltrated  with  cells,  and  the  lumen  decreased  in  size.  e.  An  arterv 
with  cellular  infiltration  into  its  walls.  y 


A similar  suppurative  condition  is  sometimes  observed  in  the  sublingual 
and  submaxillary  glands.  In  the  last  two  organs  the  suppuration  may 
be  secondary  to  infections  of  the  surrounding  tissues.  (See  Ludwig’s 
Angina.)  So  far  as  known,  the  suppurative  interstitial  inflammations 
are  the  only  examples  of  pure  interstitial  disease  in  its  acute  form  affectum 
these  organs. 

Chronic  Interstitial  Parotitis  ( Parotid  Sclerosis , Fibroid  Parotid, 
Indurative  Parotitis,  etc.). — A study  of  salivary  secretion  made  by  Dick- 
inson, who  frequently  catheterized  the  duct  and  showed  that  often  the 
salivary  output  was  materially  below  the  normal,  and  the  histologic 
studies  made  by  Harris,  who  demonstrated  the  chronic  fibroid  changes^in 


, Marcfettl>  Rlf-  Med.,  Jan.  25,  1909.  Zesas,  Centralbl.  f.  d.  G renzg.  d.  Med 
u.  Chir.,  Oct.  30,  1909.  Orthner,  Wien.  klin.  Woch.,  1909,  xxii,  57. 

Case  reported  by  Harris,  Boston  Med.  and  Surg.  Jour.,  May  18  1899 
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the  salivary  glands,  all  point  to  the  fact  that,  like  the  pancreas,  liver,  and 
kidney,  these  organs  are  liable  to  chronic  interstitial  overgrowth  comparable 
to  that  seen  in  the  other  organs  just  mentioned.  (See  Figs.  333  and  334.) 

Mikulicz  described  a chronic  symmetric  enlargement  of  the  lacrimal 
and  parotid,  and  sometimes  involving  the  sublingual  glands.  The  parotids 
may  be  quite  prominent;  the  condition  usually  shows  no  tendency  toward 
suppuration,  and  the  general  nutrition  of  the  patient  is  uninfluenced. 
Tietze  has  found  a parasite,  thought  to  be  a protozoan,  in  the  tissues. 
The  condition  is  called  Mikulicz’s  disease.1 


Fig.  334. — Section  of  the  Left  Parotid  under  a Very  Low  Power.2  (Carbol-toluidin-blue  and  eosin.) 
a,  a.  Normal  lobules,  b.  Greatly  thickened  trabeculse.  c.  Lobule  almost  entirely  replaced  by  fibrous 

tissue.  The  process  is  more  recent  in  figure  333. 


Hypersecretion,  sialorrhea,  or  ptyalism  usually  occurs  in  inflammations 
of  the  mouth,  as  a symptom  of  chronic  poisoning  by  mercury,  phos- 
phorus, or  copper,  and  as  a physiologic  result  of  the  administrations  of 
jaborandi  and  certain  iodin  compounds;  it  is  also  present  in  hydrophobia 
and  in  other  diseases,  both  acute  and  chronic,  primarily  or  secondarily 
involving  the  nervous  system;  e.  g.,  hysteria,  trifacial  neuritis,  optic  neu- 
ritis (?),  and  sometimes  late  in  tabes.  The  reverse  of  the  preceding — dry 
mouth,  aptyalism,  xerostoma — has  been  observed;  the  exact  cause, 
however,  is  not  known,  it  is  said  to  be  a symptom  of  diabetes,  is  most  fre- 
quent in  nervous  women,  less  common  in  men,  and  may  be  a symptom 
of  shock  or  hemorrhage. 

Sialolithiasis,3  or  calculous  disease  of  the  salivary  glands,  is  attended 
by  the  production  of  definite  concretions  usually  situated  in  the  ducts. 
The  stones  are  chiefly  composed  of  carbonate  and  phosphate  of  calcium, 
and  are  most  common  in  the  submaxillary  glands  or  ducts ; their  localization 
in  the  latter  structures  is  usually  attributed  to  the  large  amount  of  mucin 
in  the  secretion  of  these  glands,  and  to  the  fact  that  the  mouths  of  the 
ducts  are  so  situated  that  infection  or  foreign  bodies  may  enter.  The 

1 Ziegler,  New  York  Med.  Jour.,  Dec.  11,  igog. 

2 Case  reported  by  Harris,  Boston  Med.  and  Surg.  Jour.,  May  18,  1899. 

2 Roberg,  Annals  of  Surgery,  May,  1904,  p.  669. 
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calculi  vary  in  size  from  the  so-called  salivary  sand  to  masses  2 cm.  or 
more  in  length  and  1 cm.  in  thickness;  in  the  case  reported  by  Puzey  the 
stone  weighed  7.5  gm.  They  are  commonly  attended  by  inflammation, 
which  may  be  suppurative,  and  sometimes  perforates  the  cheek  or  floor 
of  the  mouth,  giving  rise  to  a fistula.  Jarecky1  has  been  able  to  collect 
213  cases  of  salivary  calculus.  It  is  suggested  that  they  are  of  bacterial 
origin,  and  a number  examined  have  been  found  to  contain  microorganisms. 
They  frequently  recur  after  removal.  The  concretions  resulting  from  in- 
fection or  accumulated  exfoliated  cells  or  food-particles  at  the  gingival 
margins  are  of  a similar  nature. 

Obstruction  to  the  duct  of  a salivary  gland  gives  rise  to  a retention 
cyst  known  as  a ranula;2  these  are  usually  named  after  the  gland  involved, 


Fig.  335- — Mixed  Tumor  of  the  Parotid  Gland. 

Weight  of  tumor,  including  contained  fluid,  about  3.5  kilos.  The  patient  recovered.  (Case  reported  by 
Dr.  W.  W.  Keen,  in  “Jour.  Am.  Med.  Assoc.,”  April  30,  1904.)  A.  Large  boss,  upon  the  lower 
margin  of  which  are  two  points  of  softening.  B.  Softened  (necrotic)  areas  overlying  cystic  spaces. 


as  ranula  submaxillar  is,  ranula  retromaxillaris,  and  ranula  sublingualis. 
The  classic  ranula,  so  long  considered  a cyst  of  the  duct  of  Wharton,' is  now 
believed  to  be  a mucous  cyst  in  the  Blandin-Nuhn  gland. 

Tuberculosis  of  the  salivary  glands3  is  of  infrequent  occurrence.  Accord- 
ing to  Fiorani,  it  may  be  diffuse  or  confluent,  and  the  form  observed  in 
man  corresponds  to  that  produced  by  duct  infection  in  lower  animals. 
Of  the  nine  cases  collected  by  Wood,  in  three  it  was  thought  that  the  in- 
fection was  by  Steno’s  duct,  one  from  an  adjacent  lymph-node,  one  from 
the  blood,  and  in  four  the  route  of  infection  was  undetermined. 

Tumors  of  the  salivary  glands  are  not  common.  Of  the  typic  epithe- 
lial type,  adenomata  occasionally  occur;  they  are,  however,  exceedingly 


1 Med.  News,  Feb.  18,  1905,  p.  304. 

2 Forsterling,  Arch.  f.  klin.  Chir.,  lxxvi,  3. 

3 Wood,  Univ.  Penna.  Med.  Bull.,  Dec.  19,  1903. 
1904.  Klotz,  Virch.  Arch.  Bd.  cc,  H.  2,  1910,  p.  346. 


Fiorani,  Rif.  Med.,  Aug.  27, 
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rare.  Of  the  atypic  epithelial  tissue  tumors  or  cancers,  epitheliomata  are 
the  most  frequent,  and  these,  histologically,  are  usually  of  the  tubular 
variety,  although  squamous  epithelioma  has  been  observed.  Encephaloid 
and  scirrhns  are  rare.  Of  the  typic  connective-tissue  tumors,  chondro- 
mata,  fibromata , and  myomata  occasionally  occur.  Fibromata  containing 
more  or  less  glandular  structure — fibroadenomata — are  sometimes  ob- 
served. The  ordinary  types  of  sarcoma  are  rarely  primary  in  the  salivary 
glands.  The  most  frequent  of  the  parotid  neoplasms  is  the  so-called 
mixed  tumor1  of  the  gland.  It  seems  likely  that  more  than  one  form  of 
new  growth  has  been  included  under  this  name;  most  of  the  mixed 
tumors  are  endotheliomata.  It  is  possible  that  some  of  them  are  terato- 
mata. They  are  slowly  growing  neoplasms  that  after  years  of  indolent 
enlargement  may  suddenly  develop  rapidly  and  assume  the  characters 
of  actively  malignant  tumors.  They  are  usually  firm,  often  quite  hard, 
frequently  bossed,  and  not  uncommonly  contain  cysts.  In  the  earlier 
stages,  and  often  when  the  tumor  is  growing  rapidly,  a thick  fibrous 
capsule  may  be  demonstrable.  Cartilage  or  chondroid  tissue,  and  fibrous 
and  myxomatous  areas,  are  usually  present.  Histologically  many  of  these 
tumors  are  typical  endotheliomata,  usually  of  the  lymph-vessel  type. 
(See  p.  353.) 


ESOPHAGUS. 

Normal  Structure. — From  the  pharynx  to  the  anus  the  essential 
structure  of  the  musculomembranous  tube — the  alimentary  canal — is 
that  of  a mucous  membrane  resting  upon  a muscular  wall  composed 
of  two  or  more  layers  of  unstriped  muscle-fiber.  The  variations  at 
different  points  usually  consist  in  different  glandular  and  epithelial 
layers,  but  the  esophagus  differs  in  its  muscular  layer  from  the  remainder 
of  the  tube,  in  that  the  upper  part  possesses  little  or  no  unstriated  muscle, 
while  the  muscle  present  in  the  lower  end  is,  like  that  in  the  remainder 
of  the  alimentary  canal,  composed  exclusively  of  unstriped  fibers.  The 
epithelium  of  the  esophagus  is  stratified  throughout. 

Malformations  of  the  esophagus2  are  rare;  probably  less  than  one 
hundred  undoubted  cases  are  on  record.  In  the  larger  number  of  cases 
the  malformation  is  the  result  of  partial  absence,  or  failure  of  the  two 
parts  to  fuse  in  a normal  manner.  Sometimes  the  upper  and  lower 
sacs  are  joined  by  a fibrous  cord  and  there  is  no  communication  with 
the  trachea.  In  another  form  the  upper  end  of  the  lower  segment 
opens  into  the  trachea  or  into  a bronchus.  Congenital  fistulae  in  the 
neck,  and  also  cysts  communicating  with  the  esophagus,  are  by  some 
classed  with  the  malformations  of  the  organ.  I have  referred  to  them 
elsewhere  as  branchial  cysts  and  fistulas.  (See  p.  686.)  Renault  and 
Sebilleau  apply  the  name  duplication  to  a condition  in  which  part  of 
the  esophagus  is  divided  into  two  tubes  which  usually  unite  above  and 
below.  Congenital  atresia  is  most  frequent  in  the  upper  esophagus, 
and  stenosis,  of  developmental  origin,  commonly  affects  the  same  area. 
Whipham  and  Fagge  have  been  able  to  collect  but  six  cases  in  which 

1 Wood,  Annals  of  Surgery,  Jan.  and  Feb.,  1904,  pp.  57  and  207.  Verhoeff, 
Jour.  Med.  Research,  Feb.,  1905,  p.  319. 

2 Phillips,  Arch,  of  Pediatrics,  April,  1908.  Griffith  and  Lavenson,  Arch,  of 
Pediatrics,  March,  1909.  Keith,  Brit.  Med.  Jour.,  Feb.  12,  1910,  p.  376.  Ciechan- 
owski  and  Glinski,  Virch.  Arch.,  Bd.  cxcix,  H.  3,  1910,  ,p.  420.  Kern,  Virch.  Arch., 
Bd.  cci,  H.  i,  1910,  p.  135. 
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the  lower  end  of  the  esophagus  was  narrowed.  Sievers  reports  an 
instance  of  dilatation  of  the  esophagus  which  he  attributes  to  con- 
genital defect.  The  demonstration,  by  a number  of  observers,  and  more 
recently  by  Schridde,  Ruckert,  and  Schwalbe,  of  islands  of  gastric 
mucosa  and  glands  similar  to  those  of  the  cardia  and  pylorus  in  the 
esophageal  wall,  suggests  an  explanation  for  the  occurrence  of  cysts, 
sometimes  found  in  the  esophagus,  and  also  for  peptic  ulcers,  of  which 
Kraus  has  collected  twenty  cases  in  which  the  esophagus  was  involved. 

Anemia  of  the  esophagus  is  usually  a part  of  general  anemia.  Hy- 
peremia occurs  in  the  initial  stage,  and  accompanies  inflammation  of 
the  organ.  Congestion  is  marked  in  the  venous  distention  of  chronic 
heart  disease  and  pulmonary  obstruction,  such  as  emphysema  and  fibroid 
pneumonia.  A condition  closely  allied  to  congestion  is  varicosity  of 
the  esophageal  veins.  This  is  usually  dependent  upon  venous  obstruc- 
tion in  the  liver,  as  observed,  for  example,  in  cirrhosis.  Anastomosis 
between  the  lower  esophageal  veins  and  the  veins  of  the  stomach  affords 
egress  for  the  blood,  which  would  otherwise  be  forced  to  pass  through 
the  contracting  liver.  Rupture  of  the  dilated  veins  in  the  esophagus 
may  give  rise  to  fatal  hemorrhage. 

Esophagitis — inflammation  of  the  esophagus — usually  results  from 
injury.  Catarrhal,  hemorrhagic,  and  gangrenous  processes  follow  the 
application  of  corrosive  substances,  such  as  strong  acids,  alkalies  and 
cauterants,  mercury,  salts  of  copper,  etc.;  scalds  and  burns  induce 
similar  changes.  The  severity  of  the  process  varies,  and  depends  upon 
the  agent  used,  the  concentration,  the  length  of  time  it  acts,  and  the 
age  of  the  patient;  young,  tender  mucous  surfaces  are  specially  prone 
to  suffer.  Ulceration  usually  follows,  should  the  patient  survive, 
and  contraction  of  the  healed  ulcers  causes  stenosis.  The  catarrhal 
form  may  be  due  to  extension  from  the  continuous  mucosa  above. 
Pseudomembranous  and  gangrenous  inflammations  are  uncommon. 
Diphtheria  rarely  involves  the  esophagus;  in  Councilman,  Mallory,  and 
Pearce’s  220  cases  there  was  membrane  in  the  esophagus  in  12.  In 
alcoholics  large  areas  of  the  esophageal  mucosa  sometimes  exfoliate. 
A phlegmonous  esophagitis  has  been  observed  and  may  be  attended  by 
the  formation  of  definite  abscesses  in  the  submucosa.  The  term  esopha- 
geal pemphigus 1 has  been  applied  to  a form  of  inflammation  in  which 
definite  vesicles  are  produced,  followed  by  rupture  and  the  production 
of  red,  bleeding,  superficial  ulcers.  The  contiguous  epithelium  is  grayish 
and  often  desquamated.  The  condition  is  commonly  accompanied  by 
dysphagia,  which  may  be  mistaken  for  stricture.  Langer1 2  has  reported 
an  instance  of  streptothricosis  of  the  esophagus.  Thrush  of  the  esophagus 
has  been  observed,  and  is  usually  secondary  to  a similar  process  in  the 
mouth.  Peri-esophageal  suppuration  occurs  as  the  result  of  lodged 
foreign  bodies,  perforation  and  other  forms  of  injury,  idceration  of  the 
esophagus-,  diseases  of  adjacent  structures,  and  pyemia. 

Tuberculosis3  of  the  esophagus  is  rarely  primary;  it  is  usually  due  to 
penetration  of  the  esophageal  wall  by  a tuberculous  lesion  in  an  adjacent 
lymph-node  or  the  vertebrae.  Ulcerations  following  necrotic  processes 

1 Tamerl,  Wien.  klin.  Woch.,  July  21,  1904. 

2 Zeit.  f.  Hyg.  u.  Infektkrank.,  1904,  Bd.  xlvii,  H.  3. 

3 Shattock,  Trans.  Path.  Soc.  of  London,  1902,  vol.  liii,  p.  430.  Shrubsall  and 
Mullings,  Trans.  Path.  Soc.  of  London,  1903,  vol.  liv,  p.  84.  Riviere,  Brit.  Med. 
Jour.,  Jan.  24,  1903,  p.  193. 
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due  to  poisons,  and  occasionally  the  open  ulcers  of  syphilis  and  cancer, 
may  be  infected  by  tubercle  bacilli. 

Tertiary  syphilis  sometimes  causes  esophageal  ulceration  which,  on 
healing,  produces  a stricture.  Gummata  may,  by  infiltrating  the  esophageal 
wall,  give  rise  to  obstruction,  but  syphilitic  stenosis  of  the  esophagus  is 
usually  a sequence  of  cicatrization  of  one  of  the  lesions  just  mentioned. 

Actinomycosis  and  leprosy  are  rare  esophageal  manifestations.  The 
former  may  extend  to  the  gullet  from  lesions  in  the  mediastinum  or 
vertebrae. 

Acquired  stenosis  of  the  esophagus  occurs  in  two  forms: 

1.  Esophagismus  ( spasmodic , hysteric , or  inorganic  stricture)  arises 
as  (a)  a manifestation  of  hysteria,  or  as  ( b ) a reflex  phenomenon  due 
to  excessive  irritability.  A tender  point  in  the  esophagus — a minute 
abrasion  or  an  ulcer — is  so  sensitive  that  as  soon  as  touched  by  a bolus 
of  food,  or  by  an  instrument  used  for  exploration,  spasm  ensues,  and 
relaxes  only  after  considerable  force  is  continuously  applied  for  some 
time.  When  stenosis  is  due  to  muscle  contraction  at  the  gastric  end  of 
the  esophagus,  it  is  called  cardiospasm;  esophagospasm  is  used  to  indicate 
contractions  in  other  parts  of  the  gullet. 

2.  Organic  stricture  of  the  esophagus  is  a narrowing  of  the  tube, 
independent  of  muscular  contraction,  and  due  to  developmental  defect 
or  to  disease.  The  narrowing  may  be  a single  annular  band  or  the 
stricture  may  be  several  inches  in  length.  There  are  two  places  in  the 
esophagus  where  organic  stricture  is  frequent;  the  upper  area  of  election 
is  just  behind  the  cricoid  cartilage;  the  lower,  opposite  the  bifurcation  of 
the  trachea. 

The  causes  may  be  cicatrization  following  injury,  as  that  of  burns, 
scalds,  or  escharotics;  contraction  and  occlusion  incident  to  the  growth 
of  cancer;  or  syphilis. 

There  is  a form  of  esophageal  stenosis,  called  simple  stricture  of  the 
esophagus , that  does  not  seem  to  be  properly  grouped  with  either  of  the 
foregoing.  There  is  much  doubt  as  to  its  origin,  although  it  has  been 
suggested  that  it  is  a developmental  defect.  It  is  a diaphragm-like 
narrowing,  composed  of  an  annular  fold  of  the  mucous  membrane,  and 
usually  situated  near  the  stomach;  it  may  be  caused  by  cicatrization  of  a 
peptic  ulcer,  although  it  is  usually  held  that  cicatricial  tissue  is  absent. 

Stricture  of  the  esophagus  gives  rise  to  esophageal  obstruction,  for 
which  there  are  many  other  causes:  e.  g.,  foreign  bodies  lodged  or  wedged 
in  some  part  of  the  tube;  polypoid  tumors  of  the  esophagus  (rare) ; pressure 
on  the  esophagus  by  neoplasms  of  surrounding  structures,  as  medi- 
astinal sarcoma,  aneurysm  of  aorta,  swollen  lymph-nodes,  tuberculosis,  or 
other  disease,  of  the  vertebrae.  Pressure  obstruction  may  occur  at  any 
point;  the  points  of  stricture  obstruction  have  been  indicated. 

Acquired  dilatation  of  the  esophagus  is  probably  always  secondary 
to  some  other  process.  It  has  been  known  to  follow  spasmodic  stric- 
ture. Organic  stricture,  or  any  form  of  obstruction,  commonly  leads 
to  dilatation  above  the  point  of  narrowing.  The  sac  may  be  fusiform, 
globular,  or,  in  rare  cases,  may  extend  in  one  direction,  forming  a diver- 
ticulum. A form  of  dilatation,  long  held  to  occur  without  obstruction, 
and  supposed  to  be  due  to  atony  of  the  pharyngeal  muscles,  has  been 
described.  We  are  especially  indebted  to  Mikulicz  for  the  demonstra- 
tion that  this  type  of  esophageal  widening,  called  atonic  or  diffuse  dila- 
tation of  the  esophagus,  is  due  to  contraction  of  the  circular  fibers  at  or 
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near  the  gastric  end  of  the  gullet,  a manifestation  for  which  he  coined  the 
name  cardiospasm.1  Rosenheim  and  others  have  maintained  that  a 
congenital  weakness  of  the  esophageal  muscle  is  an  essential  predisposing 
factor.  The  dilated  organ  is  spindle-shaped  and  may  possess  a capacity 
of  a liter  or  more.  Esophageal  dilatation  may  be  associated  with  pyloric 
narrowing  and  dilatation  of  the  stomach. 

Esophageal  diverticula3  are  produced  in  a number  of  ways.  It  is 
possible  that  some  of  the  forms  are  congenital,  or  at  least  the  result 
of  developmental  defects  in  the  musculature  of  the  esophagus.  The 
sacs,  situated  in  the  cervical  region  and  communicating  with  the  esoph- 
agus, are,  in  some  instances  at  least,  branchial  vestiges.  It  is  customary 
to  recognize  pressure  or  pulsion  diverticula,  due  to  pressure  from  within, 
and  traction  diverticula,  resulting  from  contraction  of  adherent  structures 
contiguous  to  the  esophagus.  It  is  also  possible  that  an  esophageal  sac 
might  result  from  cyst  formation  in  the  superficial  glands3  of  the  esopha- 
gus. Some  additional  explanation  is  needed  for  the  pouches  lined  by 
distinctly  cylindric  epithelium.  Fitz  suggests  that  gullet  pouches  may 
result  from  irregularities  in  the  development  of  a Meckel’s  diverticulum. 
The  pulsion  diverticulum  is  generally  thought  to  be  a hernia  of  the  mucosa 
through  a weakened  or  imperfect  esophageal  musculature.  It  is  usually 
situated  in  the  upper  part  of  the  esophagus,  with  which  it  may  com- 
municate by  an  oval,  round,  or  slit-like  opening  in  the  posterior  or  lateral 
wall.  The  sac  may  be  of  almost  any  size,  the  maximum  reported  length 
being  about  12  cm.  The  traction  diverticulum  is  commonly  the  result 
of  an  adhesion  of  the  esophagus  to  an  inflamed  lymph-node,  which 
later,  by  contraction,  gives  rise  to  a funnel-like  distention  of  the  wall  of 
the  gullet.  The  lesion  is  usually  located  on  the  anterior  surface  of  the 
esophagus  near  the  bifurcation  of  the  trachea.  Riebold  states  that  such 
diverticula  are  present  in  3.5  per  cent,  of  adults  examined  postmortem. 
It  is  possible  that  this  form  may  be  increased  in  size  by  pressure  from 
within  the  esophagus,  constituting  a traction-pulsion  diverticulum.  The 
larger  esophageal  pouches  occurring  at  the  lower  end  of  the  pharynx 
and  similar  structures  arising  in  the  throat  are  sometimes  called 
pharyngoceles. 

Perforation  of  the  esophageal  wall  may  occur  from  within  outward 
in  ulcerative  processes,  as  cancer,  and  necroses  due  to  lodged  foreign 
bodies,  or  following  other  forms  of  injury.  Extensive  lacerations  by 
exploring  bougies  occasionally  occur.  The  term  esophagomalacia  has 
been  applied  to  conditions  in  which  the  esophageal  wall  is  abnormally 
soft  and  appears  to  rupture  spontaneously.  Spontaneous  rupture4  of 
the  esophagus  is  usually  observed  in  drinking  men,  and  Beneke  believes 
that,  in  some  of  these  cases,  excessive  acidity  on  the  part  of  the  gastric 
juice  and  low  resistance  in  the  tissues  may  determine  an  antemortem 
softening  of  the  gullet.  Postmortem  softening  and  even  rupture  occa- 
sionally occur.  Rupture  may  be  produced  by  injury;  in  the  case  reported 
by  Whipham  the  man  had  been  thrown  from  a horse;  Lomax’s  patient 
had  been  crushed  in  an  elevator.  The  esophagus  is  occasionally  pene- 

1 Boston  Med.  and  Surg.  Jour.,  June  4,  1903,  p.  608;  Deut.  med.  Woch.,  1904 
vol.  xxx,  p.  17.  Tyson,  Martin  and  Evans,  N.  Y.  Med.  Jour.,  Oct.  15,  1904,  p.  731! 

- btarck,  Die  Divertikel  der  Speiserohre,  Leipzig,  1903.  Stetten,  Annals  of 
burgery,  March,  1910. 

3 Hewlett,  Jour,  of  Exper.  Med.,  1901,  vol.  v,  No.  4. 

4 Whipham,  Lancet,  Sept.  12,  1903,  p.  749.  See  also  Beneke,  Deut.  med.  Woch 
1904,  No.  41. 
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trated  from  without  by  abscesses  or  tuberculous  processes  affecting  the 
lymph-nodes  or  vertebrae.  Aneurysm  of  the  aorta  sometimes  ruptures 
into  the  esophagus;  malignant  neoplasms  of  the  larynx  may  give  rise  to  a 


Fig.  336. — Squamous-cell  Carcinoma  of  the  Esophagus;  Polypoid  Type. 

A.  Cardia  of  stomach.  B to  C.  Cardia  of  esophagus.  C.  Hiatus  esophagi.  D to  E.  Area  of  maximum 
dilatation  of  the  esophagus;  from  E upward  the  organ  gradually  diminishes  in  size.  F.  Wall  of  esoph- 
agus. G to  H . Pedicle  of  tumor  by  which  are  attached  the  projecting  bosses  of  the  new  growth;  at 
the  base  there  appears  to  be  but  slight  infiltration  beneath  the  submucosa,  although  the  esophageal 
wall  is  slightly  thickened.  The  line  F,  G,  H,  is  near  the  midline  posteriorly  from  which  the  tumor 
has  arisen. 

communication  between  the  two  tubes.  Tuberculosis  and  syphilis  of 
the  larynx  or  trachea  rarely  penetrate  the  esophagus. 

Tumors  of  the  esophagus1  are  not  of  frequent  occurrence.  Papil- 

1 Coplin,  Araer.  Med.  May  14,  1904.  pp.  773-776.  Corner  and  Fairbank,  Prac- 
titioner, June,  1904,  p.  810.  Trespe,  Arbeit,  and  Patholog.  Anat.  Abet.  d.  Konigh. 
Hyg.  Inst.  z.  Posen.,  1901.  Bryant,  Jour.  Amer.  Med;  Assoc.,  Dec.  30.  1905,  p. 
2008.  Price  and  Gibb,  Lancet,  June  30,  1906.  Rolleston  and  Higgs,  Brit.  Med. 
Jour.,  June  1,  1907,  p.  1293.  Cummins,  New  York  Med.  Jour.,  Feb.  15,  1908.  Mc- 
Gavin,  Practitioner,  Sept.,  1908.  Rieke,  Virch.  Arch.,  Bd.  cxcviii,  H.  3,  1909^.526. 
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lomata  and  adenomata  are  rarely  encountered.  Fibromata,  myxomata, 
lipomata,  and  myomata  are  occasionally  seen;  such  connective-tissue 
neoplasms  may  be  polypoid  or  sessile  and  sometimes  attain  considerable 
size.  Rokitansky  reported  a smooth,  lobulated  fibroma  of  the  esoph- 
agus, 17.5  cm.  long  and  6.25  cm.  in  diameter.  Sarkisoff  records  an 
instance  of  polypoid  fibroma  of  the  esophagus  that  underwent  necrosis 
and  was  vomited;  the  patient  recovered.  The  gullet  is  rarely  the  seat 
of  sarcoma;  of  the  175  cases  of  sarcoma  of  the  alimentary  tract  collected 
by  Corner  and  Fairbank,  but  14  were  esophageal  growths.  Such  tumors 
are  occasionally  polypoid;  all  forms  of  sarcoma  have  been  observed. 
The  most  frequent  tumor  of  the  esophagus  is  carcinoma,  and  the  usual 
type  is  the  squamous  epithelioma.  Of  the  fifty-four  carcinomata  of  the 
esophagus  included  in  Butlin’s  paper,  three  were  gcirrhous,  one  medullary, 
one  colloid,  and  the  remainder  squamous-cell  epithelioma.  The  tumor 
may  be  polypoid  or  sessile  and  may  or  may  not  give  rise  to  obstruction, 
although  it  usually  lessens  the  caliber  of  the  esophagus  by  contraction,  or, 
less  frequently,  the  mass  is  sufficiently  large  to  obstruct.  The  neoplasm 
is  sometimes  restricted  to  a small  area  and  in  other  cases  involves  almost 
the  entire  tube.  Occasionally  more  than  one  growth  is  present;  usually 
the  uppermost  is  evidently  older  and  those  below  have  resulted  from 
metastasis  or  are  grafts.  Ulceration  is  absent  in  about  ten  per  cent  of 
the  cases.  Progressing  necrosis  may  perforate  the  esophageal  wall  and 
penetrate  the  trachea,  bronchus,  pleura,  or  pericardium.  Authorities 
are  not  agreed  as  to  the  most  frequent  location,  and  this  probably  indicates 
that  the  tumors  are  fairly  uniformly  distributed  in  the  different  parts  of 
the  esophagus.  Of  the  901  cases  collated  by  Kraus,  45  involved  more 
than  one  part  of  the  organ;  397  were  in  the  lower  third,  302  in  the  middle, 
and  158  in  the  upper  third.  In  some  cases  malignancy  is  not  marked; 
the  tumor  may  exist  for  a number  of  years  without  manifesting  malig- 
nancy, and  especially  metastasis.  Rolleston  states  that  most  patients  die 
within  one  year  after  the  appearance  of  symptoms,  that  carcinoma  of  the 
upper  part  of  the  esophagus  is  more  rapidly  fatal  than  when  the  lower 
third  is  involved,  and  that  scirrhus  progresses  less  rapidly  than  the 
squamous-cell  variety.  Cylindric-cell  carcinoma  of  the  esophagus  usually 
occurs  at  or  near  the  cardia  and  is  generally  considered  with  carcinoma 
of  the  stomach. 


STOMACH. 

Normal  Structure. — The  external  coat  is  serous;  the  middle  or  mus- 
cle layer  is  composed  of  three  thin  lamellae  of  unstriped  muscle-fiber; 
the  outer  of  these  is  directed  longitudinally,  the  inner  is  arranged  obliquelv,' 
while  the  circular  fibers  lie  between  the  oblique  and  longitudinal.  The 
circular  fibers  are  most  abundant  near  the  pylorus.  The  muscular  and 
serous  layers  are  elastic,  while  the  mucosa  is  less  so,  as  a result  of  which, 
when  the  organ  is  empty,  it  lies  in  folds  and  elevations.  The  submucosa 
is  abundant  and  loosely  woven.  The  epithelium  of  the  stomach  is  C)dindric 
but  as  it  enters  the  ducts  of  the  glands  it  becomes  shorter  and  eventuallv 
cuboid.  The  glands  are  of  two  kinds — one  predominating  at  the  cardiac 
end,  in  structure  both  simple  and  branched,  and  containing  columnar 
cuboid,  ovoid,  and  central  cells;  the  other  glands  are  most  numerous  near 
the  pylorus,  are  also  simple  and  branched,  but  differ  from  the  preceding 
in  that  the  neck  or  duct  is  longer  and  that  the  ovoid  or  parietal  cells  are 
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absent.  During  life  the  mucosa  is  pink,  occasionally  red,  but  postmortem 
it  assumes  a much  darker  hue;  this  is  most  marked  in  the  dependent  por- 
tion, and  may  be  mistaken  for  evidence  of  disease  or  injury. 

Postmortem  changes  in  the  stomach  result  from  the  action  of  digestive 
juices  upon  the  gastric  wall.  In  some  cases  postmortem  digestion  per- 
forates the  stomach,  involves  adjacent  tissues,  and  may  even  penetrate 
the  diaphragm.  In  medicolegal  cases  it  is  highly  important  to  secure  an 
early  autopsy,  otherwise,  wounds,  contusions,  hemorrhages,  and  ruptures 
of  the  stomach  may  not  with  certainty  be  recognized.  It  is  probable 
that  during  the  last  hours  of  life,  particularly  when  the  death  agony 
is  prolonged,  necrotic  and  other  changes  in  the  gastric  mucosa  frequently 
occur.  An  antemortem  gastromalacia  has  been  described,  but  it  is  diffi- 
cult, if  not  impossible,  to  say  exactly  how  much  of  this  softening  preceded 
death.  In  embolic  and  suppurative  affections  involving  the  stomach  the 
density  of  the  tissue  is  often  greatly  lessened,  and  small  areas  sometimes 
undergo  necrosis,  but  such  conditions  cannot,  with  propriety,  be  included 
under  the  term  gastromalacia. 

Malposition  and  Malformation  of  the  Stomach. — In  the  situs  inversus 
and  in  fissural  malformations  of  the  abdominal  wall  or  diaphragm  the 
stomach  may  be  transposed,  or,  in  the  latter  instance,  can  be  forced  through 
the  fissure  and  become  more  or  less  extra-abdominal.  At  birth  the  stom- 
ach may  be  lower  in  the  abdominal  cavity  than  is  normal.  Sometimes 
the  displacement  is  of  the  stomach  as  a whole,  and  is,  therefore,  compar- 
able to  the  acquired  gastroptosis  which  will  be  described  later.  In  other 
cases  the  dislocation  is  of  the  pyloric  end  only,  giving  rise  to  the  so-called 
vertical  stomach. 

The  stomach  may  be  abnormally  small,  a condition  called  micro- 
gastria.  When  the  diminutive  size  is  the  result  of  developmental  con- 
ditions, the  affection  is  called  primitive  microgastria.  According  to 
Bendersky1  microgastria  of  congenital  origin  occurs  almost  if  not  quite 
exclusively  in  women  and  is  the  cause  of  certain  types  of  repeated  un- 
controllable vomiting  and  obstinate  singultus;  the  mucosa  is  hypersensi- 
tive. Secondary  microgastria  may  be  produced  by  cicatricial  contraction  of 
the  organ  following  the  action  of  escharotic  poisons.  In  the  case  reported 
by  BoikofP  the  stomach  was  no  larger  than  a watch.  Soupault3  has 
described  a form  of  atrophic  retraction  of  the  stomach,  greatly  lessening 
its  capacity  and  thought  to  be  due  to  muscle  spasm,  resembling  the  spastic- 
ity observed  in  esophagismus.  Gastric  diverticula4  are  occasionally  ob- 
served. They  may  be  of  the  traction  or  pulsion  types,  and  resemble 
similar  structures  occurring  in  the  esophagus;  in  the  stomach  diverticuli 
are  infrequent  and  the  traction  form  is  exceedingly  rare.  In  the  case 
reported  by  Jones  a gastric  ulcer  had  destroyed  the  muscle  layer,  and  after 
healing  a diverticulum  formed.  Atresia  and  stenosis  of  the  cardia  or  pylo- 
rus are  occasionally  observed.  Under  the  name  of  congenital  hypertrophic 
stenosis5  of  the  pylorus  has  been  described  a form  of  pyloric  obstruction  in 
which  there  is  a notable  increase  in  the  muscle  layer,  particularly  the  cir- 

1 Berl.  klin.  Woch.,  June  26,  1905. 

2 Roussky  Vratch,  June  7,  1903. 

3 La  Bulle.  Med.,  June  28,  1902. 

4 Ferguson,  Glasgow  Med.  Jour.,  March,  1808.  Hirsch,  Virchow’s  Arch.,  1903, 
Bd.  clxxiv,  p.  576.  Jones,  Jour.  Amer.  Med.  Assoc.,  Oct.  23,  1909,  p.  1397. 

5 Wachenheim,  Amer.  Jour.  Med.  Sci.,  April,  1905,  p.  637.  Scudder  and  Quinby, 
Jour.  Amer.  Med.  Assoc.,  May  27,  1905.  Ibrahim,  Die  angeborene  Pylorusstenose 
im  Saiiglingsalter,  Berlin,  1905.  Kaupe,  Centralbl.  f.  d.  Granzg.  der  Med.  u.  Chir., 
May  14,  1909.  Mackey,  Lancet,  Aug.  13,  1910,  p.  458. 
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cular  fibers,  and  a varying  degree  of  hyperplasia  of  the  connective  tissue 
in  the  submucosa.  In  the  case  reported  by  Thomson  there  was  an  increase 
in  the  submucous  lymphoid  tissue.  There  has  been  considerable  discussion 
as  to  whether  the  stenosis  is  spastic  or  hyperplastic.  Thomson  and  a 
number  of  observers  hold  that  the  spasm  is  primary  and  the  hyperplasia 
secondary.  Cautley  believes  that  the  first  change  is  a hyperplasia  or 
notable  increase  in  muscle,  and  that  the  spasm  is  secondary.  At  autopsy 
or  operation  the  pylorus  is  found  greatly  thickened  and  the  lumen  so 
narrowed  that  it  may  be  impossible  to  force  the  gastric  contents  through 
the  opening.  When  inspected  from  the  duodenal  side  the  pylorus  often 
projects  into  the  duodenum,  and  resembles  the  cervix  uteri.  Sometimes 
a longitudinal  fold  of  the  gastric  mucosa  occupies  the  opening  in  such  a 
way  as  to  indicate  that  the  lumen  has  been  greatly  diminished  after  the 
mucous  membrane  developed.  Microscopic  examination  discloses  an 
enormous  broadening  in  the  circular  muscular  layer  with  little  if  any 
increase  in  the  longitudinal  fibers.  In  some  cases  there  is  an  excess  of 
fibrous  tissue  interspersed  in  the  muscle.  It  is  probable  that  all  cases  have 
not  the  same  anatomic  basis  and  that  in  one  group  muscle  overgrowth 
is  a result  of  pyloric  hypersensitiveness  resembling  that  observed  in  car- 
diospasm. Clinically  it  is  possible  to  recognize  three  classes  of  patients: 
(i)  Those  in  whom  at  birth  the  pylorus  is  unyielding  and  the  symptoms 
do  not  abate  until  death  or  relief  by  surgical  operation.  (2)  Cases  in  which 
the  obstruction  is  cyclic  or  recurrent  but  persistent  although  recovery 
may  occur.  (3)  Cases  not  manifesting  symptoms  at  birth  but  during 
infancy  or  early  adolescence,  pursuing  a chronic  course  or  relapsing  over 
long  periods.  In  group  one  the  lesion  may  be  either  fibroid  or  hyper- 
plastic; in  the  other  two  groups  it  cannot  be  primarily  fibroid  although 
fibrosis  of  the  pylorus  may  finally  develop.  The  stomach  is  usually  di- 
lated and  in  some  cases  the  gastric  walls  are  thickened. 

Hour-glass  stomach,1  also  called  bifid  stomach,  and  trifid  stomach, 
or  multilocular  stomach,  are  conditions  due  to  abnormal  septa  or  con- 
strictions dividing  the  gastric  cavity  into  a number  of  smaller  compart- 
ments. The  most  common  of  these  is  the  hour-glass  stomach.  It  is 
usually  stated  that  this  condition  may  be  congenital,  but  Movnihan  does 
not  believe  that  there  is  a single  specimen,  or  an  authentic  record,  which 
establishes  the  developmental  origin  of  the  affection.  He  holds  that 
all  such  organs  are  the  result  of  cicatricial  contraction  of  gastric  ulcers, 
cancers,  or  perigastric  adhesions.  I have  on  a number  of  occasions, 
at  autopsy  observed  a circular  constriction  dividing  the  stomach  into  two 
cavities  and  giving  rise  to  all  the  external  appearances  of  an  hour-glass 
organ,  but,  on  closer  examination,  found  that  protracted  insufflation, 
even  with  moderate  pressure,  caused  the  constriction  to  disappear. 
Dwight  remarks  that  such  ring-like  contractions  may  be  physiologic. 

Dilated  stomachs  are  abnormally  capacious,  but  the  increased  size  is 
due  to  relaxation  of  the  muscle.  The  term  megastria  or  megalogastria 
is  applied  to  unusually  large  organs  which,  aside  from  their  great  size, 
show  no  abnormality.  It  is  said  that  the  condition  is  occasionally  con- 
genital, and  that  it  is  observed  in  those  who  habitually  consume  a diet 
poor  in  nutrients,  such  as  the  dirt-  and  root-eaters. 

Acquired  Malpositions  of  the  Stomach. — Anterior  displacements 

1 Dwight,  Amer.  Jour,  of  Med.  Sci.,  Oct.,  1903,  p.  581.  Moynihan,  Brit.  Med. 
Jour.,  Feb.  20,  1904,  p.  413.  Gardiner,  Jour.  Amer.  Med.  Assoc.,  Nov.  9,  1907,  p. 
1598.  Downes,  Annals  of  Surgery,  Sept.,  1909. 
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due  to  defects  of  the  abdominal  wall  have  been  referred  to.  Diaphrag- 
matic hernia,  whether  congenital  or  acquired,  may  permit  a large  part 
of  the  cardia  to  enter  the  thoracic  cavity.  Occasionally  the  hernia  is 
through  a dilated  esophageal  opening.  Of  the  twenty-four  congenital 
cases  collected  by  Knaggs,1  fifteen  were  in  individuals  between  six  weeks 
and  sixty  years  of  age.  In  nine  the  stomach  was  the  only  viscus  that 
entered  the  sac.  In  the  case  reported  by  Waller2  the  esophageal  opening 
in  the  diaphragm  admitted  three  fingers.  A number  of  cases  of  volvulus 
of  the  stomach2  have  been  reported.  It  may  or  may  not  be  associated 
with  volvulus  of  the  colon.  The  morbid  physiology  of  the  condition 
embraces,  according  to  Borchardt,  gastric  meteorism,  inability  to  empty 
the  stomach  by  the  use  of  a stomach-tube,  and  unproductive  efforts  to  vomit . 


A 


Fig.  337. — Stomach;  Hour-glass  Contraction  Secondary  to  Gastric  Ulcer. 

A.  Lower  end  of  esophagus.  B.  The  contracted  and  distorted  part  of  the  lesser  curvature,  enclosed 
between  the  two  ends  of  the  leader,  marks  the  ulcer-bearing  area.  The  line  most  distant  from  the 
letter  B leads  to  the  area  of  advanced  cicatricial  contraction.  C.  Cardiac  complement,  also  called 
cardiac  sac.  D.  Pyloric  complement,  also  called  pyloric  sac. 


The  organ  rapidly  dilates  becoming  globular,  and  interference  with  the 
circulation  results  in  necrosis;  death  results  from  shock,  acute  sepsis, 
and  peritonitis.  In  two  of  the  recorded  cases  the  torsion  affected  the 
pyloric  sac  of  hour-glass  stomachs.  Gastroptosis4  or  descensus  ventriculi 
is  frequently  nothing  more  than  a part  of  splanchnoptosis,  and  rarely,  if 
ever,  occurs  alone.  Enlarged  or  dilated  stomachs  are  particularly  prone 
to  downward  displacement,  but  Treves  and  other  authorities  are  agreed 
that  gastroptosis  may  occur  independently  of  any  disease  of  the  viscus. 
The  essential  features  underlying  the  causes  of  prolapsed  stomach  are 
similar  to  those  given  for  splanchnoptosis. 

The  bacteria  of  the  stomach,5  in  health,  are  few,  and  of  little  impor- 

1 Lancet,  Aug.  6,  1904. 

2 Lancet,  Oct.  15,  1910,  p.  1134. 

3 Spivak,  Amer.  Med.,  Oct.  31,  1903,  p.  709.  Pendl,  Wien.  klin.  Woch.,  April  28, 
1904,  p.  476.  Dujon,  Gaz.  Med.  de  Paris,  March  28,  1903,  p.  109. 

4 See  references  to  Splanchnoptosis  on  p.  427,  also  Worden,  Sailer,  Pancoast  and 
Davis,  Univ.  Penna.  Med.  Bull.,  Aug.,  1906.  Pancoast,  International  Clinics,  vol. 
iv,  17th  Series. 

5 Coyon,  Flore  microbienne  de  l’estomac,  These  de  Paris,  1900.  Palier,  Med. 
Record,  Nov.  19,  1904.  Minot,  These  de  Paris,  1907.  Minot,  These  de  Paris,  1907. 
Palier,  Amer.  Med.,  April,  1907.  Cahill,  Dublin  Jour.,  of  Med.  Sci.,  May,  1909. 
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tance.  The  bactericidal  action  of  the  gastric  juice,  under  normal  con- 
ditions, exerts  a distinct  protective  influence,  and  is  destructive  to,  or 
exerts  a deterrent  action  upon,  many  bacteria  that  otherwise  might  cause 
infection  in  the  intestine.  In  diseased  stomachs,  and  particularly  in 
dilated  organs,  with  or  without  pyloric  stenosis  but  permitting  food  stasis, 
bacteria  are  particularly  numerous.  It  was  at  one  time  hoped  that  the 
diagnosis  of  cancer,  and  possibly  of  some  other  gastric  conditions,  might 
be  made  by  a bacteriologic  examination  of  the  gastric  contents.  Such 
expectations  have  not  been  fufilled.  At  most,  bacteria  indicate  the  reac- 
tion of  the  gastric  secretion  and  rarely  have  any  specific  value  in  diag- 
nosis. In  the  presence  of  hydrochloric  acid,  yeasts,  molds,  and  sarcinae 
are  the  prevailing  flora  of  the  stomach.  Bacilli,  spirilli,  and  cocci  are 
usually  more  abundant  when  hydrochloric  acid  is  absent.  An  organism 
often  present  is  the  Oppler-Boas  bacillus;  it  is  rod-shaped,  o . 2 fx  to  o . 5 ju. 
wide,  and  about  6 yu.  long;  bent  forms  are  frequent;  the  bacillus  stains  by 
Gram’s  method.  It  is  a facultative  anaerobe  and  non-motile.  Kauf- 
mann  and  Schlesinger  found  it  in  nineteen  of  twenty  cases  of  cancer  of  the 
stomach.  Palier  says  that  it  indicates  deficiency  in  hydrochloric  acid  and 
nothing  more.  Infusoria1  are  sometimes  found  in  the  stomach.  Cohnheim 
believes  they  are  often  indicative  of  cancer  but  may  be  present  in  other 
affections  of  the  stomach;  even  in  malignant  cases  they  are  rarely 
observed  in  the  earlier  stages  of  the  disease. 

Foreign  Bodies  in  the  Stomach.2 — Various  articles  may  be  accident- 
ally swallowed,  especially  by  children;  in  other  instances  foreign  bodies 
are  intentionally  introduced,  particularly  by  persons  attempting  suicide 
and  by  the  insane,  or  by  individuals  who  make  a living  by  exhibiting 
an  ability  to  ingest  all  sorts  of  substances.  Of  the  90  cases  collected 
by  Friedenwald  and  Rosenthal,  in  68  a single  foreign  body  was  present 
and  in  22  they  were  multiple.  In  the  case  reported  by  Halsted  there 
were  208  foreign  bodies  in  the  stomach;  the  articles  present  included 
594  cm.  (about  6 yards)  of  watch-chain  and  dog-chain,  99  nails,  88  pieces 
of  scrap-iron  of  one  kind  or  another,  and  74  gm.  of  glass.  In  one  re- 
ported case  the  stomach  contained  5500  gm.  (11  pounds  9 ounces)- of 
foreign  material.  Hair  balls  and  string  balls  result  from  swallowing 
hair  or  pieces  of  string.  Masses  produced  in  this  manner  may  weigh 
2 kilos  or  more  and  extend  into  the  esophagus  and  duodenum.  When 
small,  they  are  usually  in  the  pyloric  area,  but  later  mold  themselves 
to  the  shape  of  the  stomach.  Ulcers  of  the  gastric  mucosa,  pylorus, 
or  upper  duodenum  are  not  infrequently  present.  Solid  bodies  fre- 
quently perforate,  but  often  perigastric  adhesions  prevent  escape  into 
the  peritoneum  and  the  disastrous  results  of  extensive  infection.  Gas- 
troliths  are  extremely  infrequent,  and  rarely  weigh  more  than  100  gm., 
although  in  the  case  reported  by  Tidemand  the  weight  was  1500  gm. 
When  these  or  other  foreign  bodies  remain  long  in  the  stomach,  papil- 
lomata are  sometimes  produced. 

Hyperemia  of  the  stomach  is  a physiologic  process  during  digestion, 
and  also  occurs  in  the  initial  stage  of  acute  inflammations.  The  intense 

1 Rosenfeld,  Deut.  med.  Woch.,  30  Jahrg.  No.  47,  p.  1717.  Zabel,  Wien.  klin. 
Woch.,  Sept.  22,  1904,  p.  1007.  Cohnheim,  Deut.  med.  Woch.,  Jan.  21,  1909. 

2 Halsted,  Contributions  to  the  Science  of  Medicine,  Dedicated  by  his  Pupils  to 
William  Henry  Welch,  1900,  p.  1048.  Friedenwald  and  Rosenthal,  N.  Y.  Med. 
Tour.,  July  18,  1903,  p.  no.  Ross,  New  York  Med.  Jour.,  Nov.  9,  1907.  Jones, 
Lancet,  June  26,  1909,  p.  1829.  Butterworth,  Jour.  Amer.  Med.  Assoc.,  Aug.  21, 
1909. 
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distention  of  the  blood-vessels  of  this  organ  and  other  abdominal  viscera 
during  the  chill  stage  of  the  malaria  paroxysm  has  been  variously  placed, 
some  regarding  it  as  a visceral  hyperemia,  and  others  believing  that  the 
increased  amount  of  blood  in  the  viscera  is  the  result  of  venous  accumu- 
lation. It  is  not  improbable  that  both  factors  are  operative. 

Congestion  of  the  stomach  is  often  marked  in  cardiac  and  pulmonary 
diseases  associated  with  venous  stasis,  and  as  a result  of  cirrhosis  of 
the  liver;  congestion  may  precede,  accompany,  or  follow  gastroptosis. 
The  appearances  produced  by  or  accompanying  intense  congestion  have 
been  mistaken  for  the  lesions  resulting  from  the  action  of  destructive 
or  escharotic  poisons. 

Gastrorrhagia,  or  hemorrhage  into  the  stomach,  may  be  acute  or 
chronic.  The  former  may  be  fulminating,  in  which  case  death  some- 
times occurs,  unattended  by  hematemesis  or  melena,  although  usually 
some  blood  is  vomited.  In  acute  recurring  gastrorrhagia  the  hemor- 
rhages are  repeated  at  intervals  which  may  be  brief  or  long.  In  chronic 
gastrorrhagia  a small  amount  of  blood  is  continuously  present;  in  this 
form  the  blood  may  not  be  perceptible,  but  can  be  detected  by  ap- 
propriate chemic  tests;  Boas1  calls  this  occult  gastric  hemorrhage.  In 
submucous,  parenchymatous,  or  interstitial  gastric  hemorrhage,  the 
blood  escapes  into  the  submucosa,  muscular  wall  of  the  stomach,  or 
subserosa.  Blood  in  the  cavity  of  the  stomach  usually  gives  rise  to 
vomiting;  when  the  vomited  matter  contains  recognizable  blood,  the 
condition  is  called  hematemesis.  The  altered  blood  is  also  voided  in 
the  stools,  a condition  termed  melena. 

Gastric  hemorrhage  may  be  due  to  increased  tension  within  the  portal 
vein  or  its  branches,  produced  by  cirrhosis  of  the  liver,  cardiac  disease, 
or  pulmonary  lesions  accompanied  by  venous  stasis.  Hemorrhage  into 
the  stomach  also  occurs  in  the  intense  hyperemia  of  acute  inflammation 
involving  the  gastric  mucosa,  and  less  frequently  in  chronic  gastritis. 
It  is  one  of  the  most  frequent  symptoms  of  gastric  ulcer  and  gastric 
cancer.  The  fulminating  form  is  due  to  lesions  involving  larger  arterial 
or  venous  branches  in  the  stomach,  or  rupture  of  aneurysms  in  the 
gastric  wall  or  of  the  splenic  artery  or  aorta.  Ruptured  varicose  veins 
may  also  cause  gastrorrhagia.  The  hemorrhages  produced  by  retching, 
hanging,  strangulation,  and  epileptic  seizures  are  rarely  severe.  Blows 
on  the  abdominal  wall,  penetrating  wounds  of,  or  foreign  bodies  in, 
the  stomach,  may  injure  the  mucosa  and  induce  bleeding.  Gastric 
hemorrhage  may  be  vicarious.  Blood  may  be  vomited  in  a number 
of  constitutional  affections,  among  which  should  be  mentioned  yellow 
fever,  malaria,  purpura,  smallpox,  plague,  and  pyemia  and  septicemia, 
especially  when  embolic  processes  involve  the  gastric  wall.  Thrombosis 
of  the  gastric  vessels,  volvulus  of  the  stomach,  and  hernias  in  which 
part  of  the  gastric  wall  is  strangulated,  may  produce  bleeding,  and  in 
some  of  these  conditions  vomiting  is  possible.  Gastric  hemorrhage 
sometimes  follows  operations,  particularly  those  involving  the  appendix 
and  other  abdominal  structures,  even  when  the  stomach  is  believed  to 
be  uninjured.  Postoperative  hematemeses2  are  ominous;  according  to 
Busse  fifty-five  per  cent,  of  the  patients  die.  The  condition  often  accom- 
panies erosions  of  the  mucosa  and  thrombosis  and  embolism  of  the  gastric 

1 Deut.  med.  Woch.,  Leipzig,  May  16,  1901. 

2 Payr,  Miinch.  med.  Woch.,  April  25,  1905;  Busse,  Arch.  f.  klin.  Chir.,  1905, 
Bd.  lxxvi. 
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vessels.  The  bleeding  resulting  from  fissures,  superficial  excoriations 
or  erosions,  and  that  accompanying  infectious  diseases,  may  be  from  a 
mucosa  which,  at  operation  or  autopsy,  shows  no  macroscopic  lesions. 
Vomited  blood  may  not  have  originated  from  gastrorrhagia.  In  hemopty- 
sis, epistaxis,  esophageal  hemorrhage,  and  bleeding  from  other  causes, 
the  blood  may  be  swallowed,  and  later  appear  in  the  vomit;  nursing  in- 
fants may  suck  blood  from  the  mother’s  breast. 

There  are  now  on  record  many  cases  of  gastric  hemorrhage  in  which 
inspection  at  operation  or  postmortem  examination  failed  to  disclose  any 
lesion  of  the  mucous  membrane.  The  mucosa  exposed  during  operative 
procedures  is  seen  to  “weep”  blood  from  what  otherwise  appears  to  be  a 
normal  surface.  For  this  condition  the  name  gastrostaxis,1  in  analogy 
with  epistaxis,  has  been  applied.  Vicarious  hemorrhages  are  of  this 
type.  The  quantity  of  blood  lost  varies  widely  and  may  be  large.  About 
eighty  per  cent,  of  those  affected  are  women.  It  has  been  suggested 
that  gastrostaxis  is  an  independent  disease  and  that  some  cases  thought 
to  be  hemorrhages  from  gastric  ulcers  are  really  cases  of  gastrostaxis. 
Bolton  believes  that  the  condition  has  not  been  shown  to  be  a distinct 
affection. 

Vomited  blood  is  usually  clotted  or  contains  coagula,  is  not  red  or 
frothy,  as  in  hemoptysis,  and  the  reaction  is  commonly  acid.  As  a 
result  of  partial  digestion  it  may  be  black,  greenish,  or  granular,  some- 
times resembling  coffee-grounds.  When  the  hemorrhage  is  fulminating 
and  the  quantity  of  blood  large,  it  does  not  remain  in  the  stomach  suffi- 
ciently long  to  be  affected  by  the  gastric  juice  and  hence  shows  none 
of  the  changes  just  mentioned.2  Small  depleting  hemorrhages  may  give 
rise  to  marked  anemia;  or  anemias,  such  as  leukemia  and  pernicious 
anemia,  occasionally  produce  gastric  bleeding. 

Degenerations  and  infiltrations  of  the  gastric  mucosa,  unattended 
by  inflammation,  are  observed  in  profound  anemias  and  accompany 
various  toxemias.  Hayem3  describes  what  he  terms  degenerative  gas- 
tritis, occurring  in  such  infectious  diseases  as  pneumonia,  diphtheria, 
and  in  typhoid,  and  in  severe  icterus.  Similar  lesions  have  been  pro- 
duced in  animals  by  the  subcutaneous  injection  of  bacterial  toxins. 
Granular  and  fatty  degenerations  of  the  epithelium  occur,  desquamation 
is  rarely  marked,  and  the  hyperemia  of  acute  inflammatory  conditions 
is  usually  absent.  In  the  degenerative  changes  accompanying  anemia, 
particularly  of  the  pernicious  type,  chronic  Bright’s  disease,  tubercu- 
losis, and  other  debilitating  conditions,  the  epithelium  shows  fatty  and 
granular  change  and  the  mucosa  is  perceptibly  thinned  without  any 
important  increase  in  the  connective  tissue. 

Gastritis  is  a term  applied  to  all  the  inflammations  involving  the 
stomach,  not  including,  however,  the  overlying  serosa.  When  the 
latter  structure  is  affected,  the  condition  is  called  perigastritis  or  peri- 
gastric peritonitis.  Perigastritis  does  not  include  inflammation  of  the 
peritoneum  resulting  from  infection  arising  at  some  distance  from,  and 
extending  to,  the  stomach. 

Acute  catarrhal  gastritis,  or  acute  gastric  catarrh,  is  usually  due 

1 Hale  White,  Lancet,  Nov.  3,  1906.  Bolton,  Brit.  Med.  Jour.,  May  21,  1910. 
Sutherland,  Practitioner,  April,  1910. 

2 Janowski,  Zeit.  f.  klin.  Med.,  Bd.  xlvi,  Nos.  1-4.  Moynihan,  Boston  Med.  and 
Surg.  Jour.,  June  4,  1903,  p.  61 1.  Connell,  Med.  News,  Oct.  29,  1904,  p.  821,. 

i Soc.  Med.  des  Hop.,  Feb.,  1905;  La  Sem.  Med.,  March  1,  1905,  p.  103. 
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to  ingested  poisons,  among  which  should  be  included  toxic  substances, 
and  other  irritants  present  in  the  food;  overeating  or  excessive  indul- 
gence in  alcohol  are  also  causes.  There  may  be  some  doubt  as  to  whether 
fermentative  changes  occur  in  a stomach  the  mucosa  of  which  is  normal, 

B 


C 

Fig.  338. — Stomach,  Chronic  Catarrhal  Gastritis  with  Erosions.  (Two-thirds  natural  size.) 
A.  Small  superficial  incomplete  erosion.  B.  Small  erosions  slightly  deeper  than  that  shown  at  A . C,C. 
Larger  and  deeper  sharply  circumscribed  erosions.  D.  Large  erosions  the  upper  pair  of  which  are 
sharply  limited  in  part  only;  one  margin  gradually  merges  with  the  contiguous  mucosa. 


but  all  are  agreed  that  fermentation  irritates  the  gastric  mucosa  and  may 
produce  inflammation,  or  intensify  a pre-existing  gastritis.  The  affected 
mucosa  is  usually  red  and  swollen  and  often  coated  with  tenacious  mucus. 
The  submucosa  frequently  contains  a small  number  of  leukocytes,  the 

D D 


Fig.  339. — Stomach,  Chronic  Catarrhal  Gastritis  with  Erosions;  Vertical  Section  through  an 

Erosion.  (B  and  L.  § in.;  Zsiss  projection  oc.  A.) 

A.  Surface  of  mucosa.  B.  Base  of  mucosa.  C.  Muscularis  mucosae.  D to  D.  Limits  of  erosion.  E.  Line 
passing  through  center  of  erosion  to  mass  of  shrunken,  granular,  and  desquamated  epithelium  lying  in 
a gland  space.  F . Altered  gland  epithelium.  The  mucosa'  throughout  is  more  or  less  narrowed  and 
structurally  altered.  The  number  of  gland  tubules  is  greatly  diminished  at  all  points.  The  glandular 
epithelium  is  granular  and  wasted  and  has  retracted  from  the  sustaining  connective  tissue;  the  types 
of  gland  cells  that  usually  can  readily  be  differentiated  are  no  longer  distinguishable.  The  intertubular 
spaces  are  universally  infiltrated  by  lymphoid  cells,  some  of  which  are  present  in  the  interstitial  tissue. 

epithelium  is  desquamating,  and  the  vessels  often  distended.  If  the 
irritation  has  been  intense,  or  the  mucosa  previously  weakened,  superficial 
erosions  are  occasionally  present. 

Chronic  gastritis,  also  called  chronic  gastric  catarrh  and  chronic 
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dyspepsia,  may  follow  a number  of  acute  attacks  or  arise  insidiously; 
it  usually  results  from  prolonged  or  frequent  irritation,  and  is  espec- 
ially prevalent  in  persons  addicted  to  intemperate  eating  or  alcoholic 
excesses.  The  habitual  consumption  of  highly  seasoned  food,  sweets, 
and  pastry  may  give  rise  to  chronic  gastric  catarrh.  Motor  insuffi- 
ciency and  pyloric  obstruction,  by  inducing  food  stasis,  facilitate  fer- 
mentation, which  in  turn  irritates  the  mucosa  and  leads  to  chronic 
inflammation.  Ulcer,  cancer,  and  other  morbid  processes  restricted  to 
some  part  of  the  stomach,  are  usually  accompanied  by  chronic  gas- 


. Fig.  340. — Section  of  Wall  of  Stomach. 

A.  Gastric  mucosa,  chronic  gastritis.  The  tubular  glands  are  extensively  destroyed  and  the  intertubular 
. _ spaces  contain  a notable  excess  of  fibrous  tissue,  many  lymphoid  cells  and  fibroblasts.  B Nodule 
of  pancreatic  tissue  (ectopic  pancreatic  lobule).  C,  C.  Part  of  carcinomatous  tissue  (cylindric  cell 
cancer)  which,  it  is  thought,  may  have  arisen  from  ectopic  pancreatic  elements. 


tritis.  Continued  congestion  of  the  organ,  and  constitutional  affections, 
particularly  Bright’s  disease,  predispose  to  the  chronic  lesion  or  intensify 
it  when  developed.  The  color  of  the  affected  membrane  depends  upon 
the  extent  of  the  associated  hyperemia;  in  the  earlier  stages  of  the  proc- 
ess the  mucosa  is  swollen,  gray,  and  usually  smooth.  Later  the  swelling 
and  thickening  are  less  intense.  Sometimes  the  thickening  gives  rise  to 
irregular  folds  or  distinct  projections  (mammillated  stomach),  and  occa- 
sionally the  elevated  mucosa  is  wart-like  or  polypoid  (gastritis  polyposa). 
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The  projecting  masses  of  edematous  and  infiltrated  tissue  sometimes 
undergo  necrosis  and  may  be  vomited.  During  this  period  a notable 
hyperplasia  of  the  submucosa  and  lymphoid  tissues  commonly  occurs. 
At  this  time  a microscopic  examination  reveals  conspicuous  mononuclear 
infiltration  in  the  submucous  structures  and  between  the  gastric  tubules; 
the  epithelium  is  desquamating,  usually  immature,  and  the  distinction 
between  the  different  cells  lining  the  tubules  is  no  longer  present.  The 
epithelial  cells  are  commonly  loaded  with  mucin,  in  a way  justifying  the 
statement  that  mucoid  degeneration  accompanies  the  process.  In  other 
cases  the  mucosa  is  found  thinned,  distinctly  fibroid,  abnormally  smooth 
and  dense.  The  gastric  tubules  are  wasted,  the  epithelium  scanty,  and  a 
notable  increase  of  the  connective  tissue  is  present  between  the  tubules 
and  in  the  submucosa.  It  is  not  certain  that  this  form  has  been  preceded 
by  distinct  hypertrophy,  as  proliferation  of  the  connective  tissue  and  con- 
traction may  be  sufficiently  rapid  to  prevent  any  manifest  thickening. 


Fig.  341. — Stomach,  Chronic  Gastritis  with  Polyp  Formation — Gastritis  Polyposa. 

A and  B.  Polypoid  projections;  on  the  summit  of  B are  several  necrotic  areas.  C . Smooth  sclerosed  area 

of  gastric  mucosa.  Illustration  two-thirds  natural  size. 


In  this  form  the  affection  is  called  fibroid  or  atrophic  gastritis  and  the 
condition  is  identical  with  the  phthisis  mucosae  of  other  writers.  The 
alterations  in  gastric  secretion  are  usually  proportionate  to  the  extent  of 
the  lesion. 

Pseudomembranous,  fibrinous,  or  croupous  gastritis1  is  exceedingly 
rare.  False  membrane  formation  on  the  gastric  mucosa  sometimes 
accompanies  infectious  diseases,  but  is  rare,  even  in  diphtheria.  Thom- 
son records  an  instance  in  which  a complete  cast  of  the  stomach  was 
vomited. 

Phlegmonous  gastritis,2  or  linitis  suppurativa,  may  be  diffuse  or  cir- 
cumscribed, primary  or  secondary.  It  is  due  to  infection  by  pyogenic 
bacteria  which  may  enter  the  submucosa  from  the  blood-stream,  from 
the  surface,  or  through  some  pre-existing  lesion,  such  as  an  erosion, 

1 Susswein,  Wien.  klin.  Woch.,  1902,  No.  6.  Foulerton,  Lancet,  April  12,  1902. 
Grtinbaum,  Lancet,  Aug.  2,  1902. 

2 Kermauner,  Mitteil.  a.  d.  Grenzg.  der  Med.  u.  Chir.,  1907,  xvii,  5.  Robertson, 
Jour.  Amer.  Med.  Assoc.,  Dec.  28,  1907.  Hall  and  Simpson,  Brit.  Med.  Jour., 
March  7,  1908,  p.  559.  Cheinisse,  Sem.  Med.,  Dec.  2,  1908.  Adams,  Lancet,  Jan. 
29,  1910. 
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gastric  ulcer,  or  cancer.  The  circumscribed  form  usually  involves  the 
pyloric  area.  It  may  give  rise  to  a single  abscess  or  the  suppurative 
foci  may  be  small  and  multiple.  The  abscess  sometimes  ruptures  into 
the  stomach,  and  again  it  penetrates  the  peritoneum.  The  diffuse  form 
may  involve  the  whole  of  the  stomach  or  be  restricted  to  one  area,  usually 
in  the  pyloric  end  of  the  organ.  The  formation  of  distinct  cavities 
containing  pus  does  not  occur;  the  submucosa  and  interstitial  tissue  are 
infiltrated  by  polymorphonuclear  leukocytes,  the  epithelium  desquamating 
or  in  part  necrotic,  and  the  overlying  serosa  sometimes  inflamed. 
About  one  hundred  cases  have  been  reported;  most  of  the  patients  are 
alcoholics.  The  condition  sometimes  complicates  puerperal  and  other 
forms  of  sepsis. 

Plastic  linitis,1  hyperplastic  interstitial  gastritis,  sclerosis  of  the  stomach, 
and  gastric  cirrhosis,  are  names  applied  to  a condition  in  which  there  is 
an  enormous  increase  in  the  connective  tissue  of  the  gastric  wall.  A 
similar  appearance  is  produced  by  carcinomatous  infiltration  of  the 
stomach  with  the  production  of  a large  amount  of  fibrous  tissue.  In 
either  case  the  wall  of  the  organ  is  thickened  and  indurated  (leather- 
bottle  stomach).  The  fibrous  tissue  increase  is  not  always  distributed 
in  the  same  structures  nor  uniform  throughout  the  organ;  it  is  usually 
abundant  in  the  submucosa  and  sometimes  dense  plaques  are  formed 
beneath  the  serosa.  Histologically  it  is  cellular  in  the  earlier  stages  and 
particularly  abundant  about  the  blood-vessels. 

Perigastritis  may  be  acute  or  chronic;  the  former  may  be  suppurative 
or  adhesive;  the  chronic  type  is  usually  productive.  When  an  ulcer 
or  other  lesion  affecting  the  gastric  wall,  slowly  approaches  the  surface 
of  the  organ  and  is  without  virulent  infection,  an  adhesion  to  some  con- 
tiguous structure  is  produced.  In  this  way  perigastric  adhesions  may 
firmly  fix  the  wall  of  the  stomach  to  some  adjacent  viscus  or  the  abdom- 
inal parietes  (adhesive  form  of  perigastritis).  If  the  lesion  be  attended 
by  pyogenic  infection,  the  margin  of  the  area  may  be  walled  by  fibrin, 
which  later,  in  favorable  cases,  organizes  and  limits  the  suppurative 
process.  A distinct  collection  of  pus  is  formed  (perigastric  abscess), 
or,  in  the  absence  of  adequate  adhesions,  the  infection  extends  into 
the  peritoneum  and  causes  general  peritonitis.  An  extending  or  ne- 
crosing lesion  within  the  stomach  may,  by  the  formation  of  adhesions, 
penetrate  a contiguous  organ  without  giving  rise  to  general  peritonitis; 
in  this  way  fistulae  between  the  stomach  and  colon  are  produced,  and 
in  a similar  manner  gastric  tdcer  or  carcinoma  may  extend  into  the 
spleen  and  liver  and  through  the  diaphragm.  Chronic  productive  peri- 
gastritis is  identical  with  the  localized  hyperplastic  serositis  described 
on  page  472. 

Tuberculosis  of  the  stomach2  is  rare.  Terrannini  has  shown  that 
the  gastric  juice  is  not  destructive  to  tubercle  bacilli,  but  the  experi- 
ments of  Arloing  indicate  that  the  mucosa  is  resistant,  and  rarely,  if 
ever,  infected  from  the  surface.  Arloing  believes  that  infection  by 
the  blood-stream  readily  occurs.  A simple  ulcer  may  become  tubercu- 

1 Sheldon,  Annals  of  Surgery,  Nov.,  1906,  p.  666.  Zuckerguss,  Arch.  f.  Ver- 
dauungs-Krank.  Boas,  Berlin,  xlvii,  1907.  Jonnesco  and  Grossman,  Rev.  de  Chir., 
1908.  Curtis,  Arch,  de  m6d.  exper.  et  d’anat.  pathol.,  Sept.,  1908. 

2 Arloing,  Les  ulcerations  tuberculeuses  de  l’estomac,  Paris,  1903.  Ricard  and 
Chevrier,  Rev.  de  Chir.,  1905,  xxv,  No.  7.  Alexander,  Deut.  Arch.  f.  klin.  Med., 
lxxxv,  Nos.  1 and  3.  Ruge,  Beit.  z.  klin.  der  Tub.,  Bd.  iii,  H.  2.  Claytor  and 
Wilkinson,  Arch.  Intern.  Med.,  April,  1908. 
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lous.  Of  the  147  tuberculous  ulcers  collected  by  Arloing,  perforation 
occurred  in  13.  The  edges  of  the  ulcer  are  undermined  and  the  base 
commonly  granular;  neither  bacilli  nor  tubercles  are  abundant.  The 
case  reported  by  Van  Wart  is  the  only  instance  of  which  I know,  where 
the  lesion  was  not  associated  with  evidence  of  tuberculosis  in  other 
organs.  The  nodule  was  covered  by  the  intact  mucosa  and  contained 
caseous  material  and  tubercle  bacilli;  several  small  ulcers  were  also 
present.  Simmonds  in  2000  autopsies  on  tuberculous  subjects  found 
secondary  gastric  ulcers  in  8.  Occasionally  hematemesis  is  produced. 


S.4.C.VWM*. 


Fig.  342. — Stomach  Tuberculosis. 

Near  middle  and  slightly  to  the  left  are  several  tuberculous  ulcers;  larger  ulcers  are  formed  by  coalescence 
of  smaller  caseous  areas.  The  mucosa  to  the  right  of  the  ulceration  is  smooth  as  a result  of  chronic 
gastritis  and  superficial  digestion  postmortem. 


Syphilis  of  the  stomach1  occurs  in  both  the  acquired  and  hereditary 
forms  of  the  disease.  The  gastric  manifestations  may  consist  of  gum- 
mata  which  may  be  multiple,  syphilitic  ulcer  of  the  stomach,  and  chronic 
inflammations  of  the  mucosa.  Dieulafoy  also  mentions  hemorrhagic 
erosions,  ecchymoses,  and  cicatricial  contraction,  the  latter  resulting 
from  healed  lesions.  The  gummata  may  soften  and  give  rise  to  ulcers 
which  occasionally  perforate;  ulcerative  lesions  may  also  result  from 
obliterative  changes  in  the  blood-vessels  of  the  gastric  mucosa.  Hem- 
meter  and  Stokes  have  reported  a case  of  hypertrophic  gastritis  of  syphi- 
litic origin.  Syphilis  of  the  stomach,  ulcerative,  infiltrative,  or  gum- 
matous when  involving  the  pylorus  may  cause  stenosis. 

Gastric  ulcer,2  peptic  ulceration,  simple  ulcer  of  the  stomach,  and 

1 Einhorn,  Jour.  Amer.  Med.  Assoc.,  Oct.  25,  1902,  p.  1051.  Gross,  Munch,  med. 
Woch.,  Jan.  27,  1903,  p.  157.  Lafleur,  Montreal  Med.  Jour.,  July,  1903.  Hayem, 
La  Presse  Med.,  Feb.  18,  1905,  p.  105. 

2 The  literature  of  gastric  ulcer  is  too  voluminous  to  be  incorporated  in  this 
volume.  Ophiils,  Jour.  Exper.  Med.,  Jan.  25,  1906.  Katzenstein,  Berl.  klin.  Woch., 
No.  39,  p.  1749-  Turclc,  April  20,  1907  p.,  922.  Litthauer,  Virch.  Arch.,  Bd.  cxcv., 
H.  2,  1910,  p.  317.  Rehfuss,  Univ.  Penna.  Med.  Bull.,  June,  1909.  Patterson, 
Annals  of  Surgery,  Aug.,  1909,  p.  367;  Stockton,  New  York  Med.  Jour.,  Oct.  30,  1909, 
p.842.  Work,  New  York  Med  Jour.,  Oct.  2,  1909,  p.  647.  Wilson  and  MacCarty, 


ALIMENTARY  CANAL. 


719 


round  ulcer  are  names  given  to  an  affection  most  common  in  the  stomach, 
but  also  involving  the  duodenum,  and  less  frequently  the  lower  part  of 
the  esophagus;  Quenu  and  Duval  believe  that  a similar  ulcer  occurs  in 
the  colon. 

We  know  little  more  of  the  etiology  of  gastric  ulcer  than  we  did 
twenty-five  years  ago,  at  which  time  Welch’s  exhaustive  article  on  the 
subject  appeared.  The  characteristic  lesion  seems  inseparably  connected 
with  the  presence  of  gastric  juice;  this  is  shown  by  the  ordinary  loca- 
tion of  the  affection  and  by  the  fact  that  peptic  ulcers  occur  in  the  jeju- 
num after  gastroenterostomy;  there  are  many  recorded  instances  of  ul- 
ceration in  the  jejunum  following  anastomoses  between  the  stomach  and 
this  part  of  the  intestine.  Ulcers  experimentally  produced  on  the  skin 
of  the  forearm  and  frequently  dressed  with  artificial  gastric  juice,  may 
resemble  typical  gastric  ulcers.  Apparently  some  local  nutritional  dis- 
turbance renders  the  mucosa  susceptible  to  the  digestive  action  of  the 
gastric  juice.  The  exact  character  of  this  deteriorating  influence  is 
not  known.  It  has  been  suggested  that  the  mucosa  may  be  altered  by 
embolism,  thrombosis,  obliterative  endarteritis,  vascular  spasm,  spasm 
of  the  gastric  wall,  and  injury,  and  that  when  any  one,  or  a combination 
of  these  conditions,  deprives  the  surface  of  its  proper  nutrition,  the  gastric 
juice  digests  the  affected  area  and  an  ulcer  results.  MacCallum1  has  recently 
repeated  the  experiments  of  former  observers  on  the  production  of  gastric 
ulcer  by  embolism,  and  has  shown  that  it  is  possible  to  induce  lesions 
similar  to  those  observed  in  man;  he  concludes,  however,  that  the  embolic 
theory  does  not  explain  all  cases.  Dumeny  believes  that  the  traumatic 
ulcers  result  from  abrasions  in  the  mucosa  or  from  submucous  hema- 
tomata  and  necrosis  of  the  overlying  mucous  membrane.  Gastric 
ulcers  are  frequently  associated  with  anemia,  but  it  is  doubtful  if  the 
blood  condition  produces  the  ulcer;  the  most  intense  anemias  are  often 
unaccompanied  by  gastric  ulceration.  Although  the  hydrochloric  acid 
is  usually  increased,  conclusive  evidence  that  hyperchlorhydria  is  not 
necessary  to  the  production  of  gastric  ulcer  is  clearly  established  by  the 
occurrence  of  jejunal  ulcers  in  operation  cases  in  which  the  acidity  was 
constantly  subnormal.  Duodenal  ulcers  sometimes  follow  cutaneous 
burns,  and  Devic  and  Chauret  have  recently  called  attention  to  a hemor- 
rhagic duodenitis  accompanying  uremia  and  sometimes  terminating  in 
ulceration.  Attempts  to  establish  a bacterial  origin  for  gastric  ulcer 
have  not  yielded  conclusive  results;  Turck  by  feeding  dogs  cultures  of 
colon  bacilli  produced  typical  peptic  ulceration.  Rehfuss  showed  that 
gastric  erosions,  some  of  which  resembled  gastric  ulcer,  followed  the  action 
of  certain  toxic  substances  (venom)  and  others  have  shown  that  gastrotoxic 
sera  may  induce  similar  results.  In  Collin’s  series  of  262  cases  of  duodenal 
ulcers,  242  were  in  the  first  part.  Peptic  ulcers  are  most  frequent  in 
females  between  twenty  and  thirty  years  of  age,  and  in  males  between 
thirty  and  forty  years. 

Morbid  Anatomy. — It  is  customary  to  divide  the  gastric  ulcers  into 
acute  and  chronic.  Clinically  several  forms  are  recognized,  the  sub- 
division being  based  on  the  symptomatology.  Cases  accompanied  by 

Amer.  Jour.  Med.  Sci.,  Dec.,  1909.  Bauer,  Arch,  des  Mai.  de  l’Appareil  digest, 
et  de  la  Nutrition,  1910.  MacCarty,  Surg.  Gynecol,  and  Obstet.,  May,  1910,  p. 
449.  Bradshaw,  Lancet,  Aug.  20,  1910,  p.  535.  Ewald,  Berl.  klin.  Woch.,  Jan. ’3 1 , 
1910.  Moynihan,  Duodenal  Ulcer,  1910. 

1 Amer.  Med.,  Sept.  10,  1904,  p.  452;  bibliography. 
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pain  belong  to  the  gastralgic  form;  when  vomiting  is  abundant,  the  lesion 
is  referred  to  as  catarrhal;  in  the  hemorrhagic  type  hematemesis  is  a 
dominant  symptom;  when  anemia  and  wasting  are  present  without 
gastric  symptoms,  the  process  is  said  to  be  cachectic;  dyspeptic  and  latent 
forms  are  also  recognized.  The  peptic  ulcer  is  usually  solitary,  but  may 
be  multiple,  and  if  many  are  present  they  are  commonly  grouped  closely 
together.  The  ulcer  may  be  situated  in  any  part  of  the  stomach,  but  is 
most  frequent  on  the  posterior  wall  near  the  lesser  curvature  and  toward 
the  pyloric  end  of  the  organ.  According  to  Pariser  and  Lindner,  in  200 
cases  of  gastric  ulcer  the  posterior  wall  will  be  involved  in  190,  of  which 
4 will  perforate;  and  of  the  10  situated  on  the  anterior  wall,  8 will  termi- 
nate in  perforation.  The  ulcers  rarely  exceed  2 cm.  or  3 cm.  in  diameter, 


A 

Fig.  343. — Perforated  Peptic  Ulcer  of  Stomach  (Gastric  Ulcer). 

A.  Slightly  indurated  margin.  B.  Exposed  muscular  layer,  giving  rise,  on  this  side,  to  the  appearance  of  a 
terrace.^  C.  Opening  extending  through  the  serosa.  D.  Hyperemic  erosions  of  the  mucosa.  (The 
author  is  indebted  to  Dr.  A.  0.  J.  Kelly  for  the  specimen  from  which  this  drawing  was  made.) 


but  a single  large  lesion  may  possess  a maximum  length  of  20  cm.  and  may 
encircle  the  stomach.  The  ulcer  may  be  funnel-shaped,  terraced,  or 
saucer-shaped.  In  practically  all  cases  the  lesion  in  the  mucosa  is  larg- 
est; when  the  muscular  layer  is  involved,  the  destruction  is  less  than  in 
the  mucosa.  In  rare  cases  the  ulcers  are  undermined  and  the  lesion  in 
the  mucosa  small.  In  the  acute  ulcers  the  margins  are  sharp,  punched- 
out,  and  on  microscopic  examination  show  very  little  cellular  infiltration. 
In  the  chronic  ulcer  the  margin  is  elevated  and  formed  by  a narrow  zone 
of  induration.  Histologic  examination  of  the  indurated  ring  shows  that 
it  is  composed  of  fibrous  tissue  and  the  usual  cellular  elements  of  a form- 
ing cicatrix.  The  floor  of  the  ulcer  may  be  the  muscle  or  serous  layers 
of  the  stomach,  or  some  adjacent  viscus.  Peripheral  adhesion  and  ex- 
tending central  necrosis  may  lead  to  perforation  at  some  distance  from  the 
original  lesion.  Thue  has  recorded  a case  in  which  the  gastric  ulcer  per- 
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f orated  the  right  ventricle  of  the  heart.  When  adhesion  to  the  liver  or 
spleen  occurs,  an  extensive  necrosis  may  involve  these  organs.  Robson 
mentions  23  possibilities  that  may  occur  in  cases  of  gastric  ulcer:  (1) 
Local  peritonitis  or  perigastritis  with  adhesions;  (2)  Local  suppurative 
perigastritis;  (3)  Subphrenic  abscess;  (4)  Abscess  of  liver,  pancreas, 
or  spleen;  (5)  Fistulous  tract  between  the  stomach  and  adjoining 
organs,  or  the  surface  of  the  body;  (6)  Acute  perforation;  (7)  General 
peritonitis;  (8)  Dilatation  of  the  stomach;  (9)  Hematemesis  and  melena; 
(10)  Tumor  of  the  stomach  or  pylorus;  (11)  Cicatricial  stenosis  of 
pylorus;  (12)  Hour-glass  stomach;  (13)  Spasm  of  pylorus  causing  inter- 
mittent narrowing;  (14)  Atonic  motor  deficiency;  (15)  Gastralgia;  (16) 
Persistent  vomiting;  (17)  Tetany;  (18)  Acute  or  chronic  pancreatitis; 
(19)  Profound  anemia;  (20)  Pressure  on  or  stricture  of  the  bile-duct, 
causing  jaundice;  (21)  Cholecystitis  and  cholelithiasis;  (22)  Emaciation; 
(23)  Cancer  secondary  to  ulcer.  The  frequency  with  which  gastric  ulcer 
is  converted  into  gastric  carcinoma  has  been  variously  estimated  at  from 
three  per  cent,  to  fourteen  per  cent.  Mayo  found  a history  of  ulcer  in 
sixty  per  cent,  of  his  cases  of  cancer;  Rodman’s1  review  of  the  literature 


Fig.  344. — Pyloric  Stenosis. 

Due  to  hyperplasia  of  the  connective  tissue  of  wall  and  edema  of  the  submucosa;  chronic  gastritis.  Re- 
moved at  operation  by  Prof.  E.  E.  Montgomery.  A.  Gastric  mucosa.  B.  Edematous  pyloric  mucosa. 
C to  D . Fibrous  thickening  of  the  muscular  layer  of  the  pylorus.  E.  Opening  of  pylorus  into  duod- 
enum. F.  Duodenal  mucosa.  G.  Muscle  layer  of  pyloric  wall,  each  side  of  which  is  marginated  by 
white  fibrous  tissue.  (One-half  natural  size.) 


leads  to  the  conclusion  that  more  than  half  of  the  cases  of  gastric  carci- 
noma have  gastric  ulcer.  In  addition  to  pyloric  stenosis  it  is  also  possible 
for  duodenal  ulcers  to  produce  narrowing  of  the  duodenum.  In  about 
five  per  cent,  of  all  autopsies  cicatrices  resulting  from  healed  ulcers  can  be 
recognized. 

Pyloric  obstruction  may  be  due  to  stenosis  or  to  occlusion  by  foreign 
bodies  lodged  or  impacted  in  the  opening,  or  pedunculated  polypi  ma}- 
be  so  situated  that  they  can  be  forced  against  or  into  the  orifice,  occlud- 
ing it  in  a valve-like  manner.  Congenital  hyperplastic  stenosis  and  the 
narrowing  incident  to  cicatrization  of  ulcers  and  gummata  have  already 
been  considered.  Cancerous  tissue  may  obstruct  the  pylorus  by  hyper- 
plastic thickening  or  by  contraction.  Adenoid  deposits  in  the  sub- 

1 Surgery,  Gynecology  and  Obstet.,  June,  1908. 
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mucosa  occasionally  manifest  sufficient  hyperplasia  to  produce  obstruc- 
tion. Quenu  and  Petit  have  shown  that  pyloric  stenosis  frequently 
follows  ingestion  of  caustic  liquids;  in  twenty-nine  such  cases,  when 
death  occurred  early,  ten  showed  pyloric  ulceration;  and  of  thirty  cases 
in  which  death  took  place  after  one  month,  in  thirteen  there  was  a 
definite  cicatricial  stenosis.  The  pylorus  may  be  obstructed  by  condi- 
tions acting  from  without.  Pyloritis  and  peripyloritis1  due  to  tuber- 
culosis or  other  causes,  may  give  rise  to  pyloric  stenosis.  It  is  said  that 
in  gastroptosis,  unassociated  with  pyloric  prolapse,  traction  on  the  pyloric 
segment  of  the  stomach,  and  consequently  on  the  pylorus,  induces  mechan- 
ical obstruction.  Cicatricial  tissue,  enlarged  glands,  and  other  peripyloric 
conditions  may  cause  collapse  of  the  tube.  Lotheissen2  has  been  able  to 
collate  seventeen  cases  of  duodenal  stenosis  due  to  pancreatic  tumor. 
Neoplasms  involving  the  bile-duct,  or  contiguous  lymph-nodes,  and  tumors 
of  the  liver,  sometimes  obstruct  the  pylorus.  Axhausen3  calls  attention 
to  the  pyloric  stenosis  produced  by  ecchinococcus  cysts  of  the  liver. 
The  pressure  of  an  enlarged  gall-bladder  or  adhesions  resulting  from 
pericholecystitis  may  obstruct  the  pylorus.  Pyloric  obstruction,  suffi- 
cient to  be  of  clinical  importance,  is  always  attended  by  dilatation  of 
the  stomach,  either  acute  or  chronic,  depending  upon  the  rapidity  with 
which  the  pylorus  is  obstructed. 

Dilatation  of  the  stomach  is  defined  by  Riegel  as  a permanent  en- 
largement of  the  organ  combined  with  motor  insufficiency.  The  condi- 
tion is  also  called  gastric  ectasy  or  gastrectasis.  While  the  recognition 
of  motor  insufficiency  is  important  in  the  chronic  forms  of  gastric  dila- 
tation, it  is  clear  that  in  some  types  of  the  acute  the  paralysis  of  the 
muscle  is  secondary  to  obstruction.  The  inadequate  motor  power  of 
the  stomach  may  cause  chronic  dilatation,  or  a gradually  increasing 
obstruction  at  the  pylorus,  or  in  the  duodenum,  can  exhaust  the  gastric 
muscle  which  previously  was  efficient.  It  is  possible  to  recognize  acute, 
subacute,  and  chronic  forms  of  gastrectasis,  and  also  types  which  are 
continuous  and  others  in  which  the  dilatation  is  intermittent. 

Acute  gastric  dilatation,4  also  called  acute  gastrectasis,  and  gastro- 
plegia,  or  paralysis  of  the  stomach,  in  most  instances  depends  upon 
causes  essentially  identical  with  those  producing  a similar  affection  of 
the  intestine,  called  paralysis  of  the  intestine,  acute  paralytic  distention 
of  the  intestine,  acute  intestinal  dilatation  or  enteroplegia.  As  the 
pathology  of  these  two  conditions  is  essentially  the  same,  I shall  con- 
sider them  together,  following  a number  of  observers  who  have  adopted 
the  term  acute  gastro -intestinal  dilatation.  In  some  cases  the  stomach 
is  primarily  involved  and  suffers  most;  in  other  instances  the  dilatation 
begins  in  the  intestines,  to  which  it  may  be  restricted;  mixed  cases 
also  occur.  The  condition  may  result  from  acute  obstruction,  as  by 
foreign  bodies  in  the  pylorus,  volvulus  of  the  stomach  or  intestine, 
strangulated  and  incarcerated  hernias.  There  are  some  cases  that  ap- 
pear to  be  causeless,  and  these  have  been  attributed  to  remote  nervous 
influences,  such  as  neurasthenia  and  hysteria.  The  most  common 

1 Romani,  II  Morgagni,  June,  1907. 

2 Wien.  klin.  Woch.,  1903,  No.  14,  p.  409. 

3 Deut.  Zeit.  f.  Chir.,  1905,  Bd.  lxxv,  p.  77. 

4 Conner,  Amer.  Jour.  Med.  Sci.,  March,  1907,  p.  345.  Albrecht,  Deut.  med. 
Woch.,  March  19,  1908.  Nicholls,  International  Clinics,  vol.  iv,  18th  series,  1908. 
Torbert,  Boston  Med.  and  Surg.  Jour.,  Aug.  12,  1909.  Hellendall,  Med.  klin.,  Nov. 
14,  1909.  Neck,  Centralbl.  f.  d.  Grenzg.  d.  Med.  u.  Chir.,  vii,  No.  10. 
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cause,  and  by  far  the  most  important,  is  infection,  and  it  does  not 
appear  necessary  for  bacteria  to  be  located  in  the  peritoneum,  or  in 
the  cavity  of  the  affected  organs.  In  such  cases  the  paralysis  depends 
upon  the  action  of  toxins  circulating  in  the  blood.  This  factor  is  probably 
productive  of  the  gastrointestinal  paralysis  accompanying  typhoid,  pneu- 
monia, scarlet  fever,  and  meningitis.  The  local  influence  of  infection 
is  illustrated  by  the  intestinal,  and  frequently  gastric  dilatation,  accom- 
panying peritonitis,  appendicitis,  acute  infections  of  the  pelvis, . chole- 
cystitis, and  other  localized  acute  inflammatory  processes  involving  the 
abdominal  organs.  Blows  on  the  abdomen,  and  falls  without  gross 
lesion  of  the  abdominal  viscera,  may  be  followed  by  gastro-intestinal 
dilatation.  It  sometimes  appears  after  anesthesia  and  has  been  attrib- 
uted to  the  anesthetic.  Many  cases  follow  abdominal  operations,  even 
when  evidences  of  infection  are  absent.  Surgeons  refer  to  the  condition 
as  acute  paralytic  ileus  or  adynamic  ileus. 

Allbutt  has  described  a subacute  dilatation  or  atony  of  the  stomach 
following  infectious  diseases,  particularly  typhoid,  pneumonia,  scarlet 
fever,  and  diphtheria.  In  these  cases  it  is  probable  that  the  bacterial 
toxins  have  altered  the  muscle-fiber,  or  the  innervation,  and  that,  with 
the  resumption  of  function,  the  organs  manifest  a tendency  to  dilate. 

Morbid  Anatomy. — At  autopsy  the  stomach  is  usually  greatly  dilated 
and  the  walls  thin  and  flaccid.  The  dilatation  sometimes  ends  at  the 
third  part  of  the  duodenum,  where  the  intestine  is  crossed  by  the  supe- 
rior mesenteric  vessels  and  nerves;  on  the  other  hand,  it  frequently 
extends  into  the  ileum,  which,  with  the  colon,  may  be  enormously  dis- 
tended. Sometimes  the  walls  are  thin,  almost  transparent;  the  serosa 
may  be  normal,  but  is  usually  drier  than  in  health  and  not  infrequently 
is  the  seat  of  beginning  inflammation.  The  stomach  usually  contains 
more  gas  than  liquid,  and  the  same  is  true  of  the  distended  intestine. 
The  fluid  is  usually  thin,  watery,  or  flocculent;  it  may  be  greenish  or 
brownish  from  admixture  of  blood,  or  from  bacterial  growth.  In  autop- 
sies made  shortly  after  death,  the  mucosa  sometimes  weeps  blood,  or 
bloody  serum.  The  vessels  are  moderately  distended  and  erosions  of  the 
mucosa  are  frequently  present.  When  punctured,  the  affected  organs 
collapse  without  contracting.  I have  observed  a similar  condition  in 
the  bladder,  and  it  is  probable  that  the  flaccidity  of  the  uterus  in  some 
cases  of  puerperal  sepsis  depends  upon  a similar  anatomic  basis. 

Acute  dilatations  of  the  hollow  viscera,  when  rapid  and  marked, 
are  extremely  fatal;  the  high  mortality  is  probably  due  to  the  intensity 
of  the  intoxication  rather  than  to  the  dilatation  alone.  Of  ninety-one 
cases  of  acute  dilatation  of  the  stomach  collected  by  Hellendall  fifty-nine 
of  the  patients  died. 

Chronic  dilatation  of  the  stomach,  or  chronic  gastrectasis,  may  result 
from  pyloric  obstruction  or  atony  of  the  gastric  muscle.  Motor  insuffi- 
ciency, even  when  unattended  by  pyloric  obstruction,  and  gastroptosis, 
commonly  gives  rise  to  a dilated  organ.  All  forms  of  slowly  evolving 
pyloric  obstruction  (p.  721)  increase  the  amount  of  work  demanded  of 
the  propulsive  forces,  lead  to  the  stagnation  of  food,  consequent  fermen- 
tation, chronic  gastric  catarrh,  and  eventually  gastrectasis.  It  is  possible 
that  some  of  these  cases  originate  in  the  milder  form  of  acute  dilatation. 
Extreme  ectasy  is  observed  in  pyloric  stenosis. 

Morbid  Anatomy. — Motor  insufficiency  is  not  characterized  by  any 
constant  anatomic  lesions  by  which  it  can  be  identified  postmortem; 


724 


SPECIAL  PATHOLOGY. 


when  dilatation  is  present,  the  organ  may  be  enormously  enlarged, 
particularly  downward  and  toward  the  left.  In  the  beginning  the 
enlargement  is  toward  the  left  rather  than  downward,  but  later,  as  a 
result  of  sagging,  the  stomach  may  extend  to  the  symphysis  and  nearly 
fill  the  left  abdomen.  When  the  obstruction  is  slight  and  the  muscle  ca- 
pable of  hypertrophy,  some  thickening  of  the  gastric  wall  occurs;  usually 
this  is  more  marked  toward  the  pyloric  end  of  the  organ  and  is  an  at- 
tempt to  compensate  for  the  increased  resistance.  When  hypertrophy 
does  not  occur,  or  has  been  present  and  has  disappeared,  progressing 
stenosis  causes  wasting,  and  consequently  the  gastric  wall  is  thin. 
Microscopic  examination  in  cases  belonging  to  the  latter  group  discloses 
wasted  muscle  layers  the  cells  of  which  may  be  granular  or  even  fatty. 
In  some  instances  the  muscle  cells  are  hyaline,  suggesting  degeneration 
or  necrosis;  the  elastica  is  usually  fragmented.  The  changes  in  the 
gastric  mucosa  are  determined  by  the  amount  and  character  of  the 
accompanying  gastritis.  Usually  the  mucous  membrane  is  wasted,  and 
the  epithelium  degenerated  and  in  part  desquamated;  the  structural 
alterations  in  the  membrane  are  those  observed  in  whichever  form 
of  gastritis  is  present.  In  marked  cases  the  position  of  the  other  ab- 
dominal viscera  is  altered;  the  colon  sags  and  may  lie  in  the  pelvis, 
and  the  liver  and  spleen  are  pushed  upward  toward  their  respective 
sides  by  the  enlarged  stomach.  It  is  alleged  that  in  some  cases  the 
diaphragm  rises,  and  that  even  the  thoracic  viscera  may  occupy  abnor- 
mally high  positions. 

In  both  acute  and  chronic  gastrectasis  the  secretory  activity  of 
the  stomach  is  perverted.  In  the  acute  dilatation  the  gastric  contents 
may  possess  no  digestive  action;  most  of  the  fluid  present  is  evidently 
exudative  in  origin.  It  has  been  demonstrated  that  the  toxicity  of 
the  liquids  contained  in  the  stomach  and  intestine  in  gastro-intestinal 
paralysis  is  higher  than  normal,  and  probably  many  of  the  symptoms 
are  due  to  absorption  of  the  contained  poisons.  In  the  chronic  dilar 
tation,  inadequate  production  of  gastric  ferments,  fermentative  and 
putrefactive  changes,  associated  catarrhal  inflammation,  and  distention 
retard  digestion  and  absorption.  Toxic  substances  are  also  generated, 
but  the  character  of  these  bodies  and  their  physiologic  action  are  not 
fully  known. 

The  gastric  neuroses  include  a number  of  conditions  for  which  no 
adequate  explanation  is  afforded  by  any  anatomic  change  in  the  stomach. 
Probably  some  cases  of  atony  belong  with  this  group.  In  many  cases 
of  gastralgia  no  structural  lesion  can  be  demonstrated;  in  a few  instances 
arteriosclerosis  of  the  gastric  vessels  is  present.  Some  manifestations 
of  hysteria,  such  as  rumination  and  merycism,  are  included  among  the 
neuroses. 

Tumors  of  the  Stomach.1 — Nonmalignant  epithelial  tumors  of  the 
stomach  are  rare.  Mucous  polypi,  or  poly  adenomata,  are  occasionally 
observed;  of  the  thirty-four  cases  collected  by  the  Fenwicks,  forty-one 
per  cent,  were  solitary,  and  when  multiple,  the  number  present  varied 

1 Fenwick  and  Fenwick,  Cancer  and  Tumours  of  the  Stomach,  1903.  Corner 
and  Fairbank,  Practitioner,  June,  1904,  p.  810.  Cignozzi,  Rif.  Med.,  1905,  Nos.  19 
and  20.  Burgaud,  These  de  Paris,  1908.  Bircher,  Med.  klin.,  Feb.  16,  1908. 
Staehelin,  Arch.  f.  Verdauungs-Krank.,  xiv,  No.  2,  1908.  Donath,  Virch.  Arch., 
Bd.  cxcv,  H.  2,  1909,  p.  341.  Thompson,  Old  Dominion  Jour.  Med.  and  Surg., 
March,  1909.  Jaworski,  Arch.  f.  Verdauungs-Krank.,  xv,  No.  1,  1909.  Wilson 
and  MacCarty,  Amer.  Jour.  Med.  Sci.,  Dec.,  1909. 


ALIMENTARY  CANAL. 


725 


Fig.  345.  .stomach,  Carcinoma  of  Pylorus,  with  Secondary  Nodules  in  the  Retrogastric  Glands' 

. , External  Surface. 

(Removed  during  life  by  Prof.  E.  E.  Montgomery.)  A sectional  view  of  this  tumor  is  shown  in  Fig.  346.  A . 
Polypoid  growth  projecting  into  stomach.  B,  B.  Gastric  end  of  pylorus.  C.  Duodenal  end  of  pylorus. 
E.  External  surface  of  retrogastric  lymph-nodes;  these  were  removed .fromjbehind  the  peritoneum. 


A 


Fig  346  -Stomach,  Carcinoma, of  Pylorus  with  Secondary  Nodules  in  the  Retrogastric  Glands 
beet  ion  through  center  of  specimen;  mesial  surface  of  one-half  of  specimen.  (Removed  during  life  by  Prof 
E.  E.  Montgomery.)  External  surface  of  same  mass  is  shown  in  Fig.  345  A Polypoid  growth  Dro’ 
jecting  into  stomach.  B.  Connective-tissue  stalk  of  polypoid  mass.  C,  C.  Gastric  end  of  pylorus  D 
Duodenal  end  of  pylorus.  E.  Enlarged  lymph-node.  F.  Necrotic  area  in  secondary  mass  of  neoplasm’ 
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from  6 to  200.  It  is  probable  that  some  of  the  so-called  adenomata 
are  types  of  the  polypoid  gastritis  to  which  I have  already  referred. 
Papillomata  are  rare.  The  most  frequent  tumor  of  the  stomach  is 
carcinoma,  which  may  be  primary  or  secondary;  the  former  is  the 
more  common.  The  secondary  growths  are  rarely  of  metastatic  origin, 
but  are  usually  due  to  extension  from  some  contiguous  viscus,  such 
as  the  pancreas  or  biliary  passages.  About  eighty  per  cent,  of  the 
gastric  cancers  arise  in  the  narrow  band  of  tissue  extending  from  cardia 
to  pylorus,  and  are  usually  nearer  the  latter  orifice.  The  cardia  is 
involved  in  about  ten  per  cent,  of  the  cases,  and  probably  in  some 
of  these  the  neoplasm  arises  in  the  esophagus.  With  regard  to  the 
morbid  anatomy  of  gastric  cancer,  it  is  important  to  recognize  three 

C D 


B D 

Fig.  347. — Pyloric  End  of  Stomach;  Marked  Stenosis  of  Pylorus  due  to  Contraction  of  Scir- 
rhous Carcinoma. 

A.  Pylorus.  B,B.  Pyloric  wall  greatly  thickened  by  cancerous  infiltration.  C.  Smooth  base  of  cancerous 
ulcer.  D.  D.  Gastric  mucosa  infiltrated  by  the  extending  cancer. 

types  of  affection:  (1)  The  growth  is  fungoid,  giving  rise  to  a large 

projecting,  cauliflower,  or  papillomatous  mass,  and  manifesting  little 
tendency  to  infiltrate  the  gastric  wall.  In  this  form  ulceration  is  rarely 
conspicuous.  (2)  Ulcerating  carcinoma  produces  extensive  destruction 
of  the  gastric  wall,  and  often  invades  contiguous  structures.  I have 
seen  the  ulcer  penetrate  the  liver,  in  which  a large  cavity  formed,  and 
in  another  case  similar  extension  involved  the  spleen  and  opened  the 
splenic  artery,  giving  rise  to  fatal  hemorrhage.  Extensive  necrosis 
affecting  the  spleen,  liver,  or  pancreas  justifies  the  name  gangrenous 
cancer  used  particularly  by  the  French  writers.  The  ulcer  may  be 
small  and  indurated,  particularly  in  the  scirrhous  form,  and  often  con- 
tracts, giving  rise  to  marked  pyloric  stenosis.  The  margins  of  the 
ulcer  are  sometimes  soft  and  fungoid,  and  in  other  cases  extremely 
hard,  the  density  depending  upon  the  amount  of  fibrous  tissue.  Occa- 
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sionally  the  ulcerations  are  multiple.  This  anatomic  form  may  encircle 
the  stomach  and  is  one  of  the  causes  of  hour-glass  contraction.  In  the 
earlier  stages  ulcerative  carcinoma  may  be  indistinguishable  from  gastric 
ulcer;  over  half  the  gastric  cancers  are  due  to  malignant  transformation  of 
chronic  gastric  ulcers.  (3)  This  form  is,  in  my  experience,  extremely  rare; 
it  is  characterized  by  a diffuse  infiltration  of  the  gastric  wall,  which  becomes 
greatly  thickened  and  often  intensely  indurated  (leather-bottle  stomach) . 
The  capacity  of  the  organ  is  greatly  reduced  and  ulceration  is  incon- 
spicuous or  absent.  In  rare  cases  the  diffuse  induration  extends  to  the 
omentum  and  perigastric  tissues,  but  extensive  necrosis  is  infrequent. 
In  some  instances  of  the  ulcerative  form  diffuse  infiltration  of  the  con- 
tiguous gastric  wall  produces  localized  thickening  and  induration,  which 
rarely  is  extensive. 

With  regard  to  the  histologic  type  of  cancer  affecting  the  stomach 
much  confusion  has  arisen,  largely  due  to  the  fact  that  all  hard  tumors 
were  formerly  called  scirrhus,  and  the  soft  and  fungoid  masses  were 
grouped  with  the  encephaloid  cancer.  Of  the  1348  cancers  included 
in  the  Fenwicks’  collection,  863  were  encephaloid,  447  scirrhous,  and 
38  colloid.  Of  1 15  specimens  examined  histologically,  73  were  glandular 
carcinomata,  33  cylindric-cell  epithelioma,  and  9 showed  signs  of  colloid 
degeneration.  Cancer  of  the  stomach  is  infrequent  in  patients  under 
forty  years  of  age;  less  than  three  per  cent,  of  the  patients  are  under 
thirty.  The  rapidity  with  which  the  lymph-nodes  are  involved  varies 
in  different  cases.  The  dissemination  by  branches  of  the  portal  vein 
is  common  and  secondary  growths  in  the  liver  may  be  expected. 

Adult  connective-tissue  tumors  of  the  stomach  are  rare.  Thompson 
found  sixty-two  recorded  cases  of  gastric  myoma;  fibroma  and  lipoma 
are  occasionally  observed;  sometimes  these  form  polypoid  growths  and  in 
other  cases  the  neoplasm  is  sessile.  Of  the  175  cases  of  sarcoma  of  the 
alimentary  canal  collected  by  Comer  and  Fairbank,  58  were  in  the  stomach. 
Gastric  sarcoma  may  be  subserous  and  pedunculated;  about  one-third 
involve  the  pyloric  region.  Pyloric  constriction  and  obstruction  are 
less  frequent  than  in  cancer.  Approximately  thirty-three  per  cent,  of 
gastric  sarcomata  undergo  metastasis  to  the  lymph-nodes.  Some  of  these 
tumors  contain  an  unusual  amount  of  smooth  muscle-fibers,  and  are 
called  by  some  writers  malignant  myomata,  or  myosarcomata  of  the 
stomach.  Endothelioma  of  the  stomach  is  rare. 

INTESTINE.1 

The  normal  intestine  is  lined  throughout  by  a single  layer  of  non- 
ciliated,  tall,  cylindric  epithelial  cells;  the  submucosa  is  abundant  and 
richly  vascular.  Situated  in  the  mucous  membrane  of  the  intestine 
are  many  small,  isolated  areas  of  lymphoid  tissue,  constituting  what 
are  known  as  solitary  glands;  when  these  are  agminated,  the  resulting 
masses  are  known  as  Peyer’s  patches.  The  absorbing  surface  is  enlarged 
by  the  presence  of  villi  and  folds;  these  structures  also  increase  the  sus- 
ceptibility of  the  intestine  to  injury  and  disease. 

Malpositions  of  the  intestine  are  either  congenital  or  acquired.  The 

1 The  important  literature  bearing  on  diseases  of  the  intestine  will  be  found  in 
the  following  works : Nothnagel’s  Encyclopedia  of  Practical  Medicine,  American 
edition,  volume  on  Diseases  of  the  Intestines  and  Peritoneum,  1904.  Hcmmeter, 
Diseases  of  the  Intestines,  vol.  i,  1901;  vol.  ii,  1902. 
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former  may  depend  upon  abnormalities  in  the  tube,  mesentery,  or  ab~ 
dominal  wall.  According  to  Grant,1  most  of  the  reported  congenital 
malpositions,  exclusive  of  hernia,  result  from  abnormal  mesenteric  at- 
tachments. He  reports  a case  in  which  the  mesentery  and  colon  were 
on  the  left  side;  the  ascending  and  descending  portions  of  the  colon 
were  apposed.  The  positions  and  relations  of  the  intestines  are  reversed 
in  situs  inversus  viscerum.2  In  some  cases  the  cecum  is  abnormally 
mobile;  the  appendix  may  be  behind  the  caput  coli.  Of  the  acquired 
malpositions  of  the  intestine,  enteroptosis,  volvulus,  hernia,  and  intus- 
susception should  be  mentioned.  The  causes  of  enteroptosis  are  essen- 
tially the  same  as  those  of  splanchnoptosis,  given  on  page  427.  Pos- 
sibly an  abnormally  long  mesentery  favors  the  condition.  Volvulus3 
may  be  acute  or  chronic;  by  some,  the  latter  is  made  to  include  twists 
that  persist,  and  also  recurrent  volvulus.  In  simple  volvulus  the  gut 
is  twisted  either  on  its  own  axis  or  on  the  axis  of  the  mesentery,  and 
in  compound  volvulus  two  loops  of  the  gut  are  entangled.  Among  the 
causes  of  this  peculiar  form  of  torsion  are  long  mesentery,  physiologic 
and  pathologic  elongation  of  the  bowel,  intestinal  adhesions,  violent 
peristalsis,  such  as  accompanies  indigestion,  chronic  intestinal  obstruc- 
tion, and  violent  exertion  throwing  particular  stress  upon  the  abdom- 
inal muscles.  In  some  cases  the  torsion  involves  the  entire  mesentery. 
Of  121  cases  included  in  Gibson’s  paper,  in  36  the  small  intestine  was 
affected;  58  involved  the  sigmoid  flexure,  and  15  other  parts  of  the  colon. 
Chronic  and  recurring  forms  usually  affect  the  sigmoid  flexure.  Vol- 
vulus may  occur  in  hernia.  If  unrelieved,  the  twisting  occludes  the  veins 
and,  to  a lesser  degree,  the  arteries,  collapses  the  gut  at  the  point  of  pres- 
sure, and  terminates  in  gangrene.  In  chroilic  cases  neither  the  circulation 
nor  the  intestinal  lumen  are  continuously  obstructed,  although  the  latter 
may  be  temporarily  obliterated. 

The  terms  hernia  and  rupture  are  applied  to  conditions  in  which 
a viscus  or  part  of  a viscus  protrudes  from  the  cavity  in  which  it  is  normally 
contained.  As  commonly  employed,  the  term  hernia  means  a pro- 
trusion of  the  intestine  or  the  omentum  through  or  into  some  part  of 
the  abdominal  wall.  A hernia  is  composed  of  a sac,  the  contents  of 
the  sac,  and  its  covering.  Usually  the  sac  is  made  up  of  the  peritoneum, 
which  is  forced  before  the  misplaced  viscus.  As  a rule,  at  some  point  in 
its  course  the  sac  is  narrowed ; the  area  of  narrowing  is  usually  a constric- 
tion situated  in  the  abdominal  wall,  and  is  called  the  neck  of  the  sac,  the 
body  being  that  portion  external  to  the  constriction.  The  covering  of 
the  sac  depends  upon  the  location,  and  usually  consists  of  the  skin  and  the 
various  underlying  fasciae.  The  sac  may  contain  intestine  (enterocele), 
omentum  (epiplocele),  or  intestine  and  omentum  (entero-epiplocele). 
Occasionally  a hernia  contains  the  bladder,  stomach,  large  or  small  in- 
testine, or  parts  of  both,  appendix,  ovary,  or  bladder. 

There  are  two  essentially  different  schools  of  thought  regarding  the 
etiology4  of  hernia.  One  attributes  hernia  to  the  persistence  of  pre- 

1 Amer.  Med..,  April  26,  1902. 

2 Reichelmann,  Deut.  Zeit.  f.  Chir.,  1904,  Bd.  lxxiv,  p.  345. 

3 Kirchmayr,  Wien.  klin.  Woch.,  Oct.  23,  1902,  p.  1138.  Moynihan,  Med. 
Chronicle,  Feb.,  1903.  Vaughan,  Amer.  Jour.  Med.  Sci.,  May,  1903.  Pye-Smith, 
Lancet,  July  30,  1910,  p.  302.  Hubner,  Virch.  Arch.,  Bd.  cci,  H.  3,  1910,  p.  427. 

4 For  discussion  of  these  theories  see  Murray,  Lancet,  Feb.  10,  1906,  p.  363. 
Keith,  Lancet,  Nov.  17,  1906.  Deanesly,  Lancet,  Nov.  24,  1906,  p.  1470.  Murray, 
Lancet,  Nov.  24,  1906,  p.  1471. 
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formed  fetal  sacs  and  is  called  the  saccular  theory.  The  other  assumes 
that  the  sacs  are  formed  by  pressure  exerted  by  the  protruding  viscus. 
The  saccular  theory  probably  explains  certain  congenital  hernias  but  is  not 
generally  accepted  as  applying  to  the  adult.  Of  the  many  causes  alleged 
to  be  operative  in  the  production  of  hernia,  congenital  weakness  or 
defects  in  the  abdominal  wall  are  most  important.  Such  defects  are  most 
common  in  the  inguinal,  femoral,  and  umbilical  regions.  An  unusually 
long  mesentery,  as  in  enteroptosis,  coloptosis,  gastroptosis— splanchnop- 
tosis predisposes  to  hernia.  Weakening  of  the  abdominal  wall  as  a 
result  of  cicatrices,  overdistention,  muscular  atrophy,  favors  the  occurrence 
of  hernia.  Muscular  exertion  that  increases  the  intra-abdominal  tension 
is  usually  termed  an  exciting  cause;  such  effort  is  typified  in  straining  at 
stool,  and  lifting  heavy  burdens. 

Hernias  are  said  to  be  reducible  and  irreducible,  depending  upon  the 
possibility  of  returning  the  displaced  viscus  to  the  abdominal  cavity. 
Reducible  hernias  may  become  incarcerated  as  a result  of  accumulation  of 
feces  in  the  intestine,  with  or  without  the  presence  of  gas.  Phenomena  of 
incarceration  are,  however,  more  frequent  in  irreducible  hernia.  As  a re- 
sult of  overdistention  or  contraction  of  the  ring  or  neck  of  the  hernia,  in- 
flammation, or  other  causes  the  circulation  becomes  impeded  or  inter- 
rupted, giving  rise  to  what  is  called  strangidated  hernia.  A division  of 
hernias  into  internal  and  external  is  sometimes  made.  The  former  include 
those  in  which  the  space  containing  the  displaced  viscus  is  within  the  trunk 
cavity;  for  example,  diaphragmatic  and  retro-abdominal  hernia.  Ex- 
ternal hernias,  as  the  name  indicates,  are  those  in  which  an  external 
tumor  is  recognizable.  The  division  is  arbitrary,  as  many  of  the  so- 
called  external  hernias  may  not  be  sufficiently  marked  to  be  recognized 
except  by  operation  or  postmortem.  When  the  displaced  viscus  is  within 
a sac  between  layers  of  the  abdominal  wall  the  condition  is  called  inter- 
stitial hernia.1  With  regard  to  the  site,  hernias  are  said  to  be  inguinal, 
femoral,  umbilical,  ventral,  lumbar,  obturator,  sciatic,  perineal,  pudendal’ 
and  diaphragmatic.  About  eighty  per  cent,  to  eighty-five  per  cent,  of  the 
hernias  are  inguinal;  ten  per  cent,  to  twelve  per  cent,  femoral;  and  about 
five  per  cent,  umbilical;  in  642  herniotomies  Gibbon  found  21  in  which 
the  cecum  or  appendix  entered  the  sac. 

Increase  in  the  volume  or  displacement  of  the  solid  viscera  influences 
the  position  of  the  intestines.  The  enlarged  uterus  of  pregnancy  and 
also  pelvic  tumors  displace  the  intestine  upward;  greatly  enlarged  liver 
forces  them  to  the  left  and  downward;  and  when  the  spleen  is  affected, 
the  direction  of  the  displacement  is  reversed.  Alglave2  has  shown  that 
prolapse  of  the  right  kidney  displaces  the  ascending  colon  and  often 
causes  adhesions  which  may  produce  obstruction.  Cysts  and  solid  growths 
in  the  mesentery  and  retroperitoneal  tumors  may  alter  the  position  of 
the  mesentery  and  proportionately  disturb  the  relations  of  the  intestine 

Malformations  of  the  Intestine. — Congenital  narrowing,  or  stenosisj 
and  imperforate  areas,  also  called  atresias,3  occur;  sometimes  definite 
parts  of  the  gut  are  absent.  The  most  common  of  these  malformations 


1 Halstead,  Surg.  Gyn.  and  Obstet.,  April,  1906. 

2 Rev.  de  Chir.,  Dec.  10,  1904,  p.  730. 

,,  a A.shhurst-  Univ.  of  Penna.  Med.  Bull.,  July-Aug.,  1907.  Freeman,  Jour.  Amer 
Med  Assoc  July  3 1909,  p.  72  Ziemendorff,  Arch.  f.  klin.  Chir.,  May  8 iqoo' 
Ciechanowski  and  Glinski,  Virch.  Arch.,  Bd.cxcvi,  H.  1 and  2,  1909.  Spriggs  Lancet' 
Jan.  8,  1910,  p.  94.  Meusburger,  Virch.  Arch.,  Bd.  cxcix,  H.  3,1910  p^’oi 
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is  situated  near  the  anus,  which,  with  more  or  less  of  the  rectum,  may- 
be absent;  or  the  anus  may  open  into  a sac  which  does  not  connect  with 
the  colon  above.  Membranous  septa,  transverse  or  longitudinal,  are 
sometimes  present.  Occasionally  the  anus  is  absent  and  the  rectum 
ends  in  a blind  pouch,  or  opens  into  the  bladder,  urethra,  or  vagina. 
Stenosis  or  atresia  involving  the  intestines  is  much  less  frequent;  in 
the  duodenum  there  are  63  recorded  instances  of  atresia  and  15  of  steno- 
sis. Silberman  has  been  able  to  collect  30  instances  of  atresia  of  the 
jejunum  and  3 of  stenosis.  In  most  instances  the  upper  end  of  the 
ileum  is  affected;  usually  the  atresia  is  single.  Congenital  narrowing 
or  occlusion  of  the  colon  is  exceedingly  rare.  Atresia  and  stenosis  have 
been  attributed  to  intrauterine  intussusception,  volvulus,  embolism,  or 


Fig.  348. — Atresia  in  Upper  Third  of  Ileum.  (Two-thirds  natural  size.) 

A.  Upper  distended  part  of  the  ileum.  B.  Blind  pouch  terminating  the  upper  segment.  C.  Closed  up- 
per end  of  the  lower  segment.  D.  Collapsed  ileum  below  the  atresia.  E.  Mesentery  in  which  are 
a number  of  slightly  enlarged  lymph-nodes. 

obliterative  arteritis  affecting  branches  of  the  mesenteric  vessels,  ab- 
normal occlusion  of  Meckel’s  diverticulum,  and  fetal  peritonitis.  Clogg 
believes  that  most  instances  of  duodenal  malformation  are  produced 
by  abnormality  in  the  buds  from  which  the  pancreas  and  the  liver  are 
developed.  Atresias  and  stenoses  in  the  lower  part  of  the  ileum  are  prob- 
ably due  to  developmental  errors  in  obliteration  of  Meckel’s  diverticulum. 

Intestinal  diverticula  may  be  congenital  or  acquired.  The  most 
common  of  the  former  is  the  persistence  of  more  or  less  of  the  omphalo- 
mesenteric duct,  and  is  called  Meckel’s  diverticulum.1  Mitchell  found 
it  in  two  per  cent,  of  1635  autopsies.  It  may  occur  in  any  part  of  the  ali- 
mentary canal  from  the  esophagus  to  the  colon,  but  is  most  common 
in  an  area  beginning  15  cm.  above  the  ileocecal  valve  and  extending 
upward  150  cm.  When  the  entire  duct  persists,  and  is  patulous,  an 

1 Patel,  Rev.  de  Chir.,  1907,  xxvii,  p.  698.  Lewis  and  Thyng,  Amer.  Jour,  of 
Anat.,  vol.  vii,  No.  4,  1908.  McConnell,  Jour.  Amer.  Med.  Assoc.,  Jan.  15,  1910,  p.  205. 
Hartwell  and  Cecil,  Amer.  Jour.  Med.  Sci.,  Aug.,  1910,  p.  174.  Wilson,  Annals  of 
Surg.,  Feb.,  1911. 
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omphaloenteric  fistula  results.  When  closed  at  the  intestinal  end  and 
open  at  the  umbilicus,  the  condition  is  called  an  omphalic  fistula  or 
sinus.  If  closed  at  both  ends,  a cyst  is  usually  formed;  if  the  resulting 
cavity  lies  in  front  of  the  peritoneum,  it  is  called  a preperitoneal  cyst, 
and  when  attached  to  the  intestine,  an  enterocystoma.  In  some  cases 
a cord,  resulting  from  persistent  vestiges  of  the  omphalomesenteric 
vessels,  occupies  a region  corresponding  to  that  in  which  Meckel’s  di- 
verticulum is  usually  found.  The  diverticulum  varies  in  size  from  a 
teat-like  projection  to  a cylindric  body  20  cm.  to  30  cm.  long;  the  aver- 
age length  is  about  7 cm.  The  point  of  origin  is  usually  opposite  the 
mesenteric  border,  but  occasionally  it  is  intramesenteric.  Sometimes 
the  free  end  is  bifid,  trifid,  or  lobulated.  Often  the  presence  of  the 
body  is  unattended  by  symptoms;  it  may,  however,  contain  foreign 
bodies,  ulcerate  and  even  perforate,  become  adherent  to  other  parts 


of  the  intestine  or  abdominal  wall,  strangulate,  or  inflame  (diverticu- 
litis). Dobson  has  collected  thirteen  cases  in  which  it  was  inverted 
and  caused  intussusception  Ekehorn  states  that  it  has  been  found 
in  twenty-two  hernias.  Typhoid  lesions  situated  in  a diverticulum 
have  been  known  to  perforate,  and  the  ulcerative  and  inflammatory 
lesions  which  affect  it  are  not  unlike  those  involving  the  appendix.  Di- 
verticula of  the  sigmoid  are  now  recognized  as  frequent  causes  of  acute 
and  chronic  inflammations  involving  that  area.  Wilson  is  of  the  opinion 
that  they  may  be  the  starting  points  of  cancer.  Not  uncommonly  a 
diverticulum  inflames,  the  inflammatory  process  extending  through  the 
coats  involving  the  serosa  and  any  contiguous  structure,  and  often*  lead- 
ing to  adhesions,  fixation,  and  thickening  around  the  diverticulum  (peri- 
diverticulitis). The  lesion  may  be  productive  and  adhesive;  after  recur- 
ring attacks  of  acute  inflammation  unattended  by  pus-formation,  pyogenic 
infection  may  give  rise  to  suppuration  which  is  sometimes  'walled-off 
constituting  an  abscess,  and  in  other  cases  a more  general  inflammation 
of  the  peritoneum.  Iiedinger1  reports  a case  of  congenital  diverticulum 

1 Virchows  Archiv,  1904,  Bd.  clxxviii,  p.  25.  See  also  Hyde,  Amer.  Tour  of 
Obstet.,  Dec.,  1904.  J 


Fig.  349.- — Atresia  Ani.  ( Birnbaum .) 


Fig.  3 so.— Atresia  Recti.  {Birnbaum.) 
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in  the  appendix.  False  diverticula1  are  hernias  of  the  mucosa  through 
weakened  spots  in  the  muscular  wall.  It  is  generally  held  that  the  true 
diverticula  are  congenital;  the  false,  acquired.  The  walls  of  the  former 
contain  all  the  structures  of  the  intestinal  tube;  the  latter  do  not.  Usually 
the  false  sacs  are  situated  near  the  mesenteric  attachment,  into  which  they 
often  project.  It  is  probable  that  hernia  of  the  mucosa  occurs  around  or 
by  the  side  of  a vessel  penetrating  the  muscle-layers.  In  the  case  reported 
by  Condit  there  were  two  rows  of  pouches,  each  diverticulum  about  i 
cm.  in  diameter;  Virchow  reported  a case  in  which  the  sac  was  the  size  of 
a hen’s  egg.  They  frequently  contain  fecal  matter,  and  sometimes  in- 
flame and  perforate. 

Dilatation  of  the  intestine  may  result  from  congenital  or  acquired 
conditions.  The  acute  paralytic  distention  (enteroplegia)  I have  con- 
sidered with  acute  dilatation  of  the  stomach  (p.  722).  Congenital  flap- 
and  valve-like  projections  of  the  mucosa  may  obstruct  the  flow  of  the 
intestinal  contents  and  produce  dilatation  above.  Megacolon,2  con- 
genital hypertrophy  and  dilatation  of  the  colon,  and  “Hirschsprung’s 
disease’’  are  names  applied  to  an  enlargement  of  the  large  intestine 
believed  to  be  of  congenital  origin.  In  the  case  reported  by  Formad 
the  colon  contained  22  kilos  (47  pounds)  of  feces.  In  Fiitterer’s  pa- 
tient the  large  intestine  measured  66  cm.  in  circumference.  In  4 of 
Duval’s  cases  the  condition  was  congenital;  in  38  it  began  in  infancy, 
and  in  5 the  symptoms  appeared  later.  No  obstruction  can  be  demon- 
strated; the  wall  of  the  colon  is  thickened,  and  eventually  necrotic  and 
inflammatory  processes  involve  the  mucosa.  The  cause  of  the  condition 
is  undetermined,  although  its  congenital  origin  is  generally  conceded. 
The  notable  thickening  of  the  colonic  wall  suggests  obstruction  but  in 
some  cases  no  obstructing  lesion  can  be  found.  Occasionally  the  in- 
testine is  abnormally  long  with  exaggeration  of  curves,  particularly  of 
those  of  the  sigmoid;  to  this  condition  Zopffel  has  given  the  name  pseudo- 
megacolon. Acquired  dilatations  of  the  intestine  develop  on  the  proximal 
side  of  any  obstruction,  and,  if  formed  slowly,  may  be  attended  by  hyper- 
trophy of  the  muscle-layer.  In  other  cases  there  is  no  increase  in  the 
thickness  of  the  bowel-wall;  on  the  contrary,  a progressive  thinning  occurs. 
As  chronic  obstructions  usually  occur  in  the  colon,  this  organ  is  most 
frequently  dilated.  Atonic  forms  have  been  described.  Acute  dilatation 
develops  suddenly  and  is  usually  the  result  of  some  rapidly  acting  cause. 
It  is  sometimes  a sequence  of  chronic  dilatation  and  fecal  accumulation, 
the  latter  suddenly  impacting  the  intestine  at  the  point  of  narrowing. 
Chronic  dilatation  is  insidious,  often  persisting  for  months,  and  is  commonly 
attended  by  obstinate  constipation. 

Intussusception3  or  invagination  is  a condition  in  which  one  por- 
tion of  the  intestine  is  invaginated  within  an  immediately  continuous 
part.  The  affection  may  be  acute  or  chronic,  and  the  intussusception 
single  or  multiple.  It  is  probably  due  to  irregular  muscular  contrac- 
tion and  intestinal  spasm,  and  is  not  thought  to  be  of  paralytic  origin, 

1 Fischer,  Jour,  of  Exper.  Med.,  1901,  vol.  v,  No.  4.  Condit,  N.  Y.  Path.  Soc., 
April  9,  1902.  Beer,  Amer.  Jour.  Med.  Sci.,  July,  1904. 

2 Finney,  Surg.  Gynecol,  and  Obstet.,  June,  1908,  p.  624.  Zopffel,  Virch.  Arch., 

1909,  cxcviii.  Zesas,  Centralbl.  f.  d.  Grenz.  d.  Med.  u.  d.  Chir.,  March  22,  1909. 
Duval,  Rev.  de  Chir.,  Sept.,  1909.  Groves,  Lancet,  Dec.  11,  1909,  p.  1729. 

3 Leriche  and  Cavaillon,  Sem.  Med.,  Feb.  20,  1907,  p.  85.  Rushmore,  Annals  of 
Surg.,  Aug.,  1907,  vol.  xlvi.  Goodall,  Boston  Med.  and  Surg.  Jour.,  April  7 and  14, 

1910. 
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although  formerly  this  view  was  generally  held.  Riddell1  reported  three 
cases  occurring  in  a family  of  four  children,  and  suggests  that  there 
may  be  some  congenital  defect  that  favors  intestinal  invagination. 
Active  purgation,  intestinal  irritation,  diarrhea,  polypoid  tumors, 
stenosing  ulcers,  and  even  jolts  are  believed  to  be  etiologic  factors. 

Morbid  Anatomy. — At  autopsies  one  part  of  the  intestine  is  fre- 
quently found  invaginated  within  another,  but  there  is  no  evidence  of 
inflammation  or  vascular  obstruction,  and  the  condition  is  usually 
believed  to  have  arisen  during  the  agonal  period,  or  postmortem.  Sev- 
eral forms  of  the  disease  are  recognized:  enteric  invagination  occurs  in 


F!g.  35 } Intussusception  at  Ileocecal  Valve.  (Drawing  of  specimen  from  Prof.  Graham’s  case 
of  intussusception ; operated  on  by  Prof.  Hearn.)  (Compare  with  Fig.  352.  The  letters  have  the 
same  significance  in  both  figures.) 

A,  A Colon.  B Point  where  the  ileum  enters  the  intussusception.  The  leader  from  the  letter  B points 
directly  within  the  intestinal  lumen.  A probe  passed  in  at  B comes  out  at  C,  which  is  the  apex, 
the  diagram  illustrates  the  course  that  it  must  pursue.  E.  The  point  of  constriction  of  the  ileum 
also  called  the  neck  of  the  intussusception.  F.  Point  of  slight  eversion  where  the  serous  coat  turns 
to  pass  within  the  bowel.  G.  Shows  the  line  of  constriction  in  the  ileum  caused  by  the  ileocecal  valve 
{[  to  //,  is  the  external  layer,  called  the  intussuscipiens;  the  enclosed  part  of  the  intestine  including 
both  inner  layers,  from  B to  C,  is  the  intussusceptum.  The  specimen  has  been  pulled  through  the 
valve  to  show  this  line  of  constriction  and  the  gangrenous  mass  of  intestine  beyond,  extending  from 
G to  C.  I his  point  of  constriction  in  the  diagram  is  indicated  by  a slight  depression  at  G HI  and 
y show  the  line  of  attachment  of  the  mesentery.  Between  H and  7,  and  extending  slightly  beyond 
the  line  7,  is  a fold  produced  by  pulling  the  intestine  through  the  ileocecal  valve  sufficiently  to  show 
the  gangrenous  process.  (Scale,  one-half  the  natural  size.) 


the  small  intestine;  when  the  ileum  is  invaginated  through  the  ileocecal 
valve  the  condition  is  called  ileocolic  intussusception ; in  ileocecal 
intussusception  both  ileum  and  cecum  are  invaginated  and  the  valve 
of  Bauhin  forms  the  apex  of  the  intussusceptum;  when  the  affection 
is  restricted  to  the  colon,  it  is  called  colic  invagination.  A section 
through  the  involved  gut  discloses  three  intestinal  layers:  the  outer 
is  known  as  the  intussuscipiens,  or  sheath,  and  the  inner  two  constitute 
the  intussusceptum.  At  the  point  where  the  intussusceptum  enters  the 
intussuscipiens  there  is  usually  a constriction  called  the  neck.  The  part 
of  the  intussusceptum  farthest  from  the  neck  is  known  as  the  apex. 

1 Brit.  Med.  Jour.,  Jan.  10,  1903,  p.  72. 
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In  double  intussusception  a previously  invaginated  portion  is  carried 
onward  en  masse — intussuscipiens  and  intussusceptum — into  the  intes- 
tine below.  Sometimes  the  invaginated  portion  of  the  intestine  is  of 
great  length;  the  ileum  may  pass  through  the  ileocecal  valve  and  pre- 
sent at  the  anus.  As  a result  of  constriction  at  the  neck  the  circulation 
is  impeded  or  arrested,  and  the  intussusceptum  undergoes  necrosis,  is 
separated,  and  may  be  discharged.  Hermes  records  an  instance  in 
which  60  cm.  of  the  intestine  came  away  as  a slough  and  the  patient 
recovered.  In  such  cases  an  adhesion  forms  at  the  neck  of  the  invagi- 
nation and  prevents  escape  of  the  intestinal  contents  into  the  abdominal 
cavity.  The  rapidity  with  which  adhesion  occurs  is  indicated  by  the 


A A F 


Fig.  352. — Intussusception  Diagram  Intended  to  Show  the  Relation  of  the  Several  Parts  in 

Fig.  351. 

The  outlines  of  the  caput  coli  and  of  the  appendix  have  been  added  in  order  to  indicate  more  clearly  the 
relations.  D.  The  appendix.  The  letters  have  the  same  significance  as  in  Fig.  351. 

fact  that  at  operation,  within  twenty-four  hours  following  the  intus- 
susception, ninety-four  per  cent,  of  the  invaginations  can  be  disinvagi- 
nated;  by  the  second  day  the  percentage  does  not  exceed  eighty,  and 
by  the  fourth  day  about  one-third  can  be  restored.  The  swelling  in 
the  intussusceptum  and  the  contraction  of  the  intussuscipiens  nearly 
always  are  sufficient  to  cause  obstruction.  Gibson  found  in  1000  cases 
of  intestinal  obstruction  121  (twelve  per  cent.)  due  to  intussusception, 
and  Treves  places  the  percentage  higher.  Invagination  is  much  more 
frequent  in  children  than  in  adults.  Of  Leichtenstern’s  593  cases,  134  of 
the  patients  were  in  their  first  year.  In  about  fifty  per  cent,  of  the 
cases  the  ileum  is  invaginated  into  the  colon.  In  the  14  cases  recorded 
by  Corner  11  were  double. 
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Intestinal  obstruction1  results  from  any  condition  which  impedes  or 
arrests  the  contents  of  the  bowel.  Congenital  stenosis  and  atresias, 
hernia,  volvulus,  and  intussusception  may  obstruct  the  gut.  In  Gib- 
son’s study  of  i ooo  operative  cases  thirty-five  per  cent,  were  due  to 


Fig.  3S3.-  Intestine  and  Mesentery,  Chronic  Peritonitis,  and  Intestinal  Obstruction. 

( Courtesy  of  Dr.  Porter.) 

Occlusion  of  lumen  by  infolding  of  the  bowel  coats.  Fig.  354  is  a section  of  same  specimen. 


Fig.  354- — Chronic  Peritonitis  with  Intestinal  Obstruction-  Section 
{Courtesy  of  Dr.  Porter.)  ' 

To  the  left  at  A,  A,  A are  seen  infoldings;  to  the  right  the  false  membrane  B,  B,  B has  been  cut  allowing 
the  bowel  to  be  drawn  out  to  normal  length.  Brackets  show  bowel  pulled  out  after  division  of  false 
membrane;  length  before  division  one-half  inch,  after  division  two  and  three-fourths  inches  Infolding 
only  partly  obliterated  under  short  bracket.  ' B 


hernia,  nineteen  per  cent,  to  constricting  bands,  nineteen  per  cent,  to 
intussusception,  and  twelve  per  cent,  to  volvulus.  Stasis  of  the  intes- 
tinal contents  occurs  in  paralysis  of  the  bowel.  The  condition  may  also 

1 Gibson,  Annals  of  Surgery,  vol.  xxxii.  Lesk,  Deut.  Zeit.  f.  Chir  Aug  1008 
Scudder,  Boston  Med.  and  Surg.  Jour.,  Oct.  15,  1908.  Boese  and  Heyrovskv 
Lieut  Zeit  f.  Chir.,  1909,  cn,  p.  183.  Cheinisse,  Sem.  Med.,  June  29,  1910'  p 20V 
See  also  references  to  atresia,  stenosis,  volvulus,  and  intussusception 
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be  produced  by  foreign  bodies,  fecal  masses,  and  lumbricoid  worms. 
A single  large  biliary  concretion,  or  congeries  of  gall-stones,  may  obstruct 
the  bowel,  particularly  at  the  ileocecal  valve;  according  to  Barnard,  one 
case  of  obstruction  in  forty-five  is  due  to  gall-stones.  The  intestine  may 
be  occluded  by  external  pressure  due  to  tumors,  cysts,  or  wandering 
viscera  and  also  by  angulation.  (See  Fig.  219,  p.  471.)  Neoplasms  and 
cysts,  stenosing  inflammations,  cicatrized  ulcers,  and  healing  gummata 
may  narrow  the  lumen  of  the  bowel.  Reed  reported  an  instance  of  ob- 
struction due  to  chronic  intussusception  produced  by  multiple  polypi. 
Adynamic  obstruction  results  from  paralysis  of  the  bowel,  which  may  be 
due  to  changes  in  the  muscle-layer,  altered  innervation,  or  to  thrombosis 
or  embolism  of  the  nutrient  vessels.  Distal  to  the  obstruction  the  bowel 
is  approximately  empty,  and  above  the  obstruction  is  distended.  The 
distention  in  chronic  obstruction  may  be  extreme,  and  is  usually  most 
marked  at  or  near  the  occlusion.  At  the  point  of  obstruction  the  mucosa 
and  intestinal  wall  are  often  anemic  and  frequently  necrotic;  above  the 
occlusion  marked  congestion,  erosions  of  the  mucosa,  and  commonly 
larger  areas  of  necrosis  are  observed.  In  the  intestinal  contents  bacteria 
accumulate  in  large  numbers  and  produce  highly  toxic  substances,  the 
absorption  of  which  gives  rise  to  the  fever  and  accompanying  visceral 
lesions.  Clairmont1  has  shown  that  the  toxic  substances  within  the 
bowel  are  among  the  most  active  of  the  bacterial  poisons.  These  poi- 
sons also  nullify  the  inhibiting  influences  in  the  intestinal  wall,  bacteria 
rapidly  migrate,  and  peritonitis,  often  without  perforation,  promptly 
ensues.  In  chronic  cases  the  intestine  sometimes  thickens;  this  may 
be  due  to  hypertrophy  and  an  effort  to  overcome  the  obstruction,  but 
is  often  the  result  of  cellular  infiltration  (Patel2),  affecting  particularly 
the  submucosa  and  muscle-layers. 

The  bacteria  of  the  bowel3  are  numerous  in  health  and  enormously 
increased  in  inflammatory  conditions  affecting  the  mucosa.  Members  of 
the  colon  group  are  always  abundant;  pyogenic  cocci,  streptococci, 
Bacillus  pyocyaneus,  and  several  anaerobic  organisms  are  usually  pres- 
ent. Friedman  found  the  Bacillus  aerogenes  capsulatus  in  nine  of  six- 
teen examinations.  Ordinarily  the  inhibiting  influence  of  the  mucosa 
is  sufficient  to  protect  the  tissues  from  infection,  but  disturbances  in 
the  intestinal  circulation  and  secretion  appear  to  exalt  the  virulence 
of  some  of  the  contained  bacteria  and  to  lessen  the  resistance  of  the 
affected  structures.  It  has  been  demonstrated  that  the  colon  bacillus 
obtained  from  an  inflamed  intestine  is  more  virulent  than  when  culti- 
vated from  healthy  organs.  Two  processes  often  active  in  the  intestine 
are  fermentation  of  starches  and  disintegration  (putrefaction)  of  pro- 
teins; both  are  of  bacterial  origin.  There  can  be  no  doubt  that  putre- 
factive changes  result  in  the  presence  and  frequent  absorption  of  toxic 
bodies  which  in  turn  exert  deleterious  influences  on  some  tissues.  The 

1 Quoted  by  Carwardine,  Practitioner,  Jan.,  1905,  p.  87.  See  also  Barker,  Lancet, 
Sept.  17,  1904,  p.  807,  and  Albeck,  Arch.  f.  klin.  Chir.,  Bd.  lxv,  H.  3,  p.  569. 

2 Rev.  de  Chir.,  March,  1902. 

3 Herter,  Common  Bacterial  Infections  of  the  Digestive  Tract,  and  the  Intoxi- 
cation Arising  from  Them,  1907.  Herter,  Jour.  Biolog.  Chem.,  Jan.,  1908.  Mac- 
Kee,  New  York  Med.  Jour.,  March  14,  1908.  Houghton,  Amer.  Jour.  Med.  Sci., 
April,  1908.  MacNeal,  Latzer  and  Kerr,  Jour.  Infect.  Dis.,  Nov.  26,  1909,  p.  571. 
Kendall,  Jour.  Med.  Research,  Feb.,  1910,  vol.  xxii,  No.  1.  Dobrowtski,  Annales  de 
l’lnst.  Pasteur,  July,  1910,  p.  595.  Metchnikoff,  Annales  del’Inst.  Pasteur,  Oct.  25, 
1910,  p.  755.  Wollman,  Annales  de  l’lnst.  Pasteur,  Oct.  25,  1910,  p.  807. 
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importance  of  intestinal  intoxications  is  fully  appreciated  but  of  the  nature 
of  the  poisonous  bodies  little  is  known.  The  urine  frequently  contains 
substances  such  as  indican  and  skatol,  at  least  parts  of  which  are  of  intes- 
tinal origin;  often  the  excreted  bodies  are  not  poisonous  but  indicative 
of  active  intestinal  putrefaction. 

Hyperemia  of  the  intestine  occurs  in  acute  inflammatory  conditions, 
around  areas  of  infarction,  neoplasms,  and  ulcers;  the  blood-supply  is 
also  increased  during  digestion.  Intestinal  hyperemia  also  accompanies 
peritonitis. 

Congestion  of  the  intestine  results  from  thrombosis  of  the  portal 
vein  or  its  branches,  venal  distomatosis,  diseases  of  the  liver  which 
produce  portal  obstruction,  and  cardiac  and  pulmonary  affections  in 
which  the  venous  tension  rises.  At  autopsy  dependent  knuckles  of 
the  intestine  often  show  hypostatic  congestion  and  may  be  red,  pur- 
plish, or  almost  black,  from  the  large  amount  of  contained  blood;  such 
areas  must  not  be  mistaken  for  antemortem  lesions.  In  congestion 


Fig.  35s— Intestine,  Mesenteric  Embolism  Causing  Gangrene. 

(a)  Position  of  embolus.  (6)  Right  colic  artery  giving  off  ileo-colic  (c).  ( Childe , Brit.  Med.  Jour 

Oct.  5,  1907.) 


the  intestinal  mucosa  is  intensely  reddened,  often  purplish,  and  is  fre- 
quently edematous.  Slight  epithelial  desquamation  is  present,  and 
necrotic  changes  in  the  lymphoid  follicles  are  sometimes  observed.  In 
chronic  congestion  and  in  malaria  the  mucosa  is  sometimes  pigmented. 

Mesenteric  thrombosis  and  embolism  are  usually  followed  by  hemor- 
rhagic infarction1  of  a segment  of  the  intestine  the  vascular  supply  of 
which  is  affected.  Endocarditis,  arteriosclerosis,  and  other  causes  of 
embolism  are  usually  present.  Clinically  the  condition  resembles  ob- 
struction, largely  because  the  propulsive  power  of  the  involved  area 
is  quickly  lost.  According  to  Galivardin,  septic  embolism  of  the  mesen- 
teric arteries  may  give  rise  to  aneurysm,  abscess,  or  mesenteric  hem- 
orrhage. With  the  development  of  infarction,  hemorrhage  into  the 
intestine  usually  occurs,  the  mucosa  quickly  undergoes  necrosis  the 
intestinal  wall  softens,  and  is  rapidly  permeated  by  bacteria;  should 
the  patient  survive  sufficiently  long,  peritonitis  develops. 

1 Funke,  Amer.  Med.,  Feb.,  1907,  p.  102.  Parmentier  and  Chabrol,  Arch  des 
Mai.  de  l’Appareil  Digestif,  Feb.,  1908.  Neumann,  Deut.  med.  Woch  Aug  26 
1909.  Pommer,  Virch.  Arch.,  Bd.  cc,  H.  3,  1910,  p.  522.  Bolognesi,  Vir’ch.  Arch  ’ 
Bd.  ccciii,  H.  2,  1911,  p.  213. 
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Intestinal  hemorrhage  accompanies  inflammations,  ulcerations,  and 
necroses  affecting  the  mucosa.  The  bleeding  may  come  from  duodenal 
ulcers  and  from  typhoid,  tuberculous,  and  neoplastic  ulcerations.  Blood 
in  varying  quantities  is  constantly  present  in  some  stage  of  dysentery, 
and  in  gangrenous  lesions,  infarction,  intussusception,  and  occasionally 
in  other  forms  of  intestinal  obstruction.  Intense  hyperemias  and  chronic 
congestions  rarely  cause  abundant  bleeding.  The  quantity  of  blood 
may  be  large,  or  the  hemorrhage  may  be  of  the  occult1  type.  Abundant 
hemorrhage  in  the  upper  portion  of  the  intestine  gives  rise  to  tarry 
stools.  When  the  blood  comes  from  the  sigmoid  or  rectum,  it  may  be 
but  slightly  altered  by  the  digestive  action  of  the  intestinal  juices. 

Enteritis  is  an  inflammation  of  the  small  intestine;  when  the  large 
bowel  is  involved,  the  condition  is  called  colitis,  and  when  both  are 
affected,  enterocolitis  or  ileocolitis.  Other  regional  divisions  of  intes- 
tinal inflammation  are  duodenitis,  jejunitis,  scolecitis  or  appendicitis, 
typhlitis  or  cecitis  (cecum),  and,  when  the  rectum  is  involved,  proctitis. 
Etiologically  and  anatomically  the  inflammations  of  different  parts  of 
the  intestine  are  characterized  by  essentially  similar  conditions.  One 
part  is  rarely  inflamed  for  any  length  of  time  without  involvement  of 
other  areas;  the  cause  in  each  instance  may  be  the  same. 

Acute  catarrhal  enteritis,  also  called  acute  intestinal  catarrh,  results 
from  various  forms  of  intestinal  irritation;  indiscretions  in  diet,  intem- 
perance, and  food  containing  bacteria  or  certain  types  of  microbic  poisons 
(ptomains,  tyrotoxicon)  are  capable  of  inducing  intestinal  inflamma- 
tion. Climatic  conditions  also  exert  important  influences  in  the  produc- 
tion of  inflammation  of  the  intestine.  The  disease  is  especially  frequent 
in  children,  in  whom  it  is  commonly  produced  by  indigestible  milk  or 
milk  containing  bacterial  products.  Streptococcic  infections  of  the 
udder  of  the  cow  often  infect  the  milk,  which,  in  turn,  induces  an  acute 
catarrhal  enteritis  in  bottle-fed  children.  The  Bacillus  dysenteriae, 
Bacillus  enteritidis,  and  highly  virulent  colon  bacilli  are  usually  present 
in  the  intestine;  various  members  of  the  proteus  group  and  strepto- 
cocci are  often  found.  A catarrhal  enteritis  of  a mild  grade  may  ac- 
company infectious  diseases,  such  as  typhoid  and  pneumonia,  and  a 
severe  serous  catarrh  results  from  infection  by  the  cholera  spirillum. 

Morbid  Anatomy. — The  mucosa  shows  various  degrees  of  hyperemia, 
which  is  usually  more  marked  in  adults  than  in  infants.  Usually,  in 
protracted  cases,  erosions  occur,  and,  in  prolonged  or  intense  infections, 
definite  ulcers  are  sometimes  formed.  In  other  instances  the  lymphoid 
follicles  are  distinctly  enlarged  (follicular  enteritis).  When  the  result- 
ing intestinal  discharges  are  rich  in  serum,  the  condition  is  called  serous 
enteritis.  The  structural  alterations  are  those  of  acute  catarrhal  in- 
flammation (p.  551);  the  mucosa  is  swollen,  varying  numbers  of  leuko- 
cytes are  present  in  the  submucosa,  and  epithelial  desquamation  is  often 
conspicuous.  Microscopic  and  even  macroscopic  hemorrhages  are  occa- 
sionally present. 

Chronic  catarrhal  enteritis,  or  chronic  intestinal  catarrh,  usually 
follows  a succession  of  acute  attacks,  in  which  case  the  perpetuation 
of  the  inflammation  is  often  due  to  chronic  congestion,  tuberculosis, 
syphilis,  chronic  renal  disease,  and  other  affections  in  which  nutrition 
and  excretion  usually  suffer. 

Morbid  Anatomy. — The  changes  are  essentially  the  same  as  those  ac- 

1 See  Occult  Hemorrhage,  p.  712. 
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companying  chronic  catarrhal  inflammations  of  the  mucous  mem- 
branes (p.  553).  Follicular  enlargement,  erosions,  and  even  ulcers  are 
sometimes  present.  Submucous  hyperplasia  and  consequent  atrophic 
changes  in  the  overlying  mucosa  are  frequently  found  in  protracted 
cases. 

Pseudomembranous,  hemorrhagic,  and  gangrenous  forms  of  enteritis 
are  not  common.  Except  in  the  specific  diseases,  ulceration  is  rarely 
extensive,  and  simple  erosion  is  infrequent.  The  causes  are  similar 
in  kind  to  those  producing  catarrhal  lesions,  and  the  anatomic  changes 
follow  the  general  outline  indicated  on  p.  562.  Suppurative  or  phleg- 
monous enteritis1 2  has  been  described,  but  is  exceedingly  rare.  In  pro- 
found sepsis,  especially  in  pyemic  conditions,  submucous  abscesses  or 
even  more  extensive  infiltrations  are  sometimes  observed.  In  all  forms 
of  intestinal  inflammation  some  enlargement  of  the  mesenteric  lymph- 
nodes  usually  occurs;  these  structures  are  particularly  affected  in  certain 
infectious  diseases,  and  are  especially  prominent  when  typhoid  and 
tuberculous  ulcerations  involve  the  bowel. 

Appendicitis-’  may  be  characterized  by  an  inflammation  of  the  mucosa 
or  of  the  interstitial  tissue,  from  which  extension  to  the  peritoneum  fre- 
quently occurs.  Catarrhal  appendicitis  is  either  acute  or  chronic;  it 
may  result  from  extension  of  inflammatory  processes  from  the  colon, 
or  arise  independently.  No  doubt  faulty  drainage,  narrowing  of  the 
colonic  orifice  of  the  appendix,  and  the  presence  of  unusually  virulent 
organisms  are  important  factors  in  its  production.  Foreign  bodies  and 
appendicular  concretions  are  not  without  influence,  although  their 
importance  has  been  exaggerated.  Some  cases  are  traceable  to  injury. 
The  colon  bacillus  is  present  in  about  seventy-five  per  cent,  of  the  acute 
cases  and  in  eighty-five  per  cent,  to  ninety  per  cent,  of  the  chronic. 
Pyogenic  cocci,  pneumococci,  Bacillus  pyocyaneus,  typhoid  bacillus, 
and  frequently,  the  colon  bacillus3  occur  without  the  presence  of  an)^  other 
organism;  usually  a number  of  bacteria  are  found. 

Catarrhal  appendicitis  may  be  acute  or  chronic,  and  no  doubt  in 
all  forms  of  appendicular  inflammation  the  mucosa  is  involved.  The 
swelling  attending  acute  catarrh  narrows  the  orifice  of  the  appendix, 
interferes  with  drainage,  thereby  leading  to  the  accumulation  of  bac- 
teria and  their  products,  and  in  this  way  favors  infection  of  the  sub- 
mucosa, disturbance  of  the  circulation,  and,  in  marked  cases,  gangrene. 
Chronic  catarrhal  appendicitis  may  follow  the  acute  or  develop  insid- 
iously; the  mucosa  wastes,  the  submucous  connective  tissue  increases, 
and  the  cellular  infiltration  is  often  quite  as  marked  as  in  the  acute  forms' 
although  the  edema  is  usually  less.  In  both  the  acute  and  the  chronic 
form  of  appendicular  inflammation  erosion  and  even  necrosis  of  the 
mucosa  frequently  occur,  giving  rise  to  definite  ulcers  (ulcerative  appen- 
dicitis). In  other  cases  pyogenic  bacteria  infiltrate  the  submucosa,  poly- 
morphonuclear leukocyte  accumulation  occurs,  local  areas  of  necrosis 
develop,  and  in  this  way  small  abscesses  are  formed  in  the  wall  of  the 
appendix;  this  is  called  suppurative  appendicitis.  The  abscesses  may 
open  into  the  lumen  of  the  tube,  the  pus  drain  away,  and  ulcers  remain. 

1 MacCallum,  Johns  Hopkins  Hosp.  Bull.,  Aug.,  1906.  Cheinisse,  Sem.  Med. 

March  10,  1909,  p.  109.  ’ 

2 Deaver,  Appendicitis,  Philadelphia,  1905,  article  on  Pathology  by  A.  O.  T 

Kelly.  Aschoff,  Die  Wurmfortsatzentziindung,  Jena,  1908.  ' ' 

3 See  references  to  bacteriology  of  intestine,  p.  736. 


740 


SPECIAL  PATHOLOGY. 


In  other  cases  the  suppurative  process  extends  toward  and  perforates 
the  serosa  (perforative  appendicitis).  It  is  also  possible  for  ulcerations 
and  other  forms  of  necrosis  to  open  the  appendix,  and  hence  perforative 
phenomena  may  be  present  in  almost  any  form  of  severe  appendicular  in- 
flammation. Bacteria  retained  in  the  cavity  or  wall  of  the  appendix  may 
gradually  propagate  toward  the  surface  (propagative  infection)  and  in- 
volve the  serosa,  when  no  lesion  amounting  to  perforation  can  be  demon- 
strated. A most  important  type  of  appendicular  inflammation  is  that 
attended  by  the  formation  of  necrotic  areas  or  gangrene  of  the  appendix 
(gangrenous  appendicitis) . The  condition  is  fulminatingly  acute,  but 
may  be  engrafted  upon,  or  constitute  a terminal  stage  in  other  forms  of 
appendicitis.  It  is  probably  the  result  of  intense  infection,  or  throm- 
bophlebitis, or  autochthonous  embolism  affecting  the  vessels  of  the  organ. 
The  area  of  necrosis  may  be  small,  giving  rise  to  a circular  or  funnel- 
shaped  perforation,  or  the  whole  appendix  may  become  gangrenous. 
Any  of  the  foregoing  processes  may  admit  bacteria  to  the  peritoneal 
cavity  and  induce  a septic  peritonitis  which  may  be  local  or  general. 
In  some  cases  the  bacteria  are  in  numbers  insufficient  to  produce  suppura- 
tion, or  it  may  be  that  the  toxin  alone  diffuses  through  the  appendicular 
wall,  and  in  either  case  a chronic  productive  periappendicitis  results.  The 
serosa  is  thickened,  adhesions  are  formed,  and  eventually  the  organ  be- 
comes imbedded  in  a dense  mass  of  fibrous  tissue  (p.  472).  It  is  probable 
that  similar  results  may  follow  acute  appendicitis,  especially  if  the  attacks 
are  repeated.  Infections  of  the  appendix  occasionally  induce  thrombosis 
of  the  veins;  such  thrombi,  extending  into  the  branches  of  the  portal  vein, 
produce  emboli  which,  reaching  the  liver,  cause  hepatic  abscess.  Throm- 
bus formation  in  the  iliac  artery  or  vein  is  rarely  observed  in  appendicitis. 

Cysts  of  the  appendix1  result  from  occlusion  of  the  orifice  communi- 
cating with  the  colon.  It  is  possible  that  in  some  cases  the  condition 
is  congenital,  and  in  others  inflammatory.  The  cyst  may  be  globular 
or  cylindric;  a specimen  removed  by  Montgomery  was  nearly  20  cm.  in 
length.  The  fluid  contained  within  such  cysts  is  either  serous  or  mucous, 
and  in  some  cases  is  inspissated. 

Concretions  within  the  appendix  are  usually  due  to  inspissation  of  the 
secretions  and  rarely  contain  foreign  bodies.  The  latter  are  not  fre- 
quently found,  occurring  in  about  four  per  cent,  of  the  cases  of  appendi- 
citis; usually  they  give  rise  to  no  important  alteration,  and  even  such 
sharp  bodies  as  pins  and  fish-bones  may  be  present  without  inducing 
marked  structural  alterations  or  inflammation. 

Colitis  (inflammation  of  the  colon)  may  be  associated  with  ileitis 
or  occur  independently  of  inflammation  of  the  small  intestine.  The  causes 
are,  in  many  respects,  similar,  but  the  function  of  the  large  intestine  rend- 
ers it  particularly  susceptible  to  certain  types  of  injury.  The  feces  within 
the  colon  are  firmer,  their  progress  slower,  and  the  opportunity  for  accu- 
mulation greater  than  in  any  other  part  of  the  alimentary  canal.  These 
observations  apply  especially  to  the  cecum.  As  a result  of  the  peculiarities 
just  mentioned  inflammation  of  the  colon  manifests  a distinct  tendency 
to  chronicity,  particularly  if  the  cause  be  of  a kind  that  readily  adapts 
itself  to  prolonged  existence  within  the  mucosa  or  in  the  contents  of  the 
organ.  The  inflammations2  involving  the  colon  are  catarrhal,  pseudo- 

1 Kelly,  Annals  of  Surg.,  April,  1909,  p.  525. 

a See  Inflammations  of  the  Mucous  Membranes,  p.  551. 
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membranous,  hemorrhagic,  and  gangrenous;  with  the  exception  of  the 
last  named  they  may  be  acute  or  chronic. 

Acute  catarrhal  colitis  is  frequently  associated  with  inflammation 
of  the  ileum,  in  which  case  the  condition  is  called  ileocolitis,  and,  in 
children,  is  the  anatomic  basis  of  the  clinical  syndrome  known  as  cholera 
infantum.  The  causes  of  acute  colon  catarrh  are  essentially  the  same 
as  those  I have  already  given  for  acute  catarrhal  enteritis.  The  anatomic 
changes  are  also  similar;  the  colon  affection,  however,  is  prone  to  per- 
sist longer  and  give  rise  to  more  intense  lesions.  Desquamation  of  epi- 
thelium and  superficial  necrosis  are  frequently  present.  In  the  catarrhal 
colitis  associated  with  changes  in  the  follicles  (acute  follicular  colitis) 
these  structures  are  particularly  conspicuous,  and  when  the  process  is 
due  to  violent  or  prolonged  irritation,  and  especially  when  bacteria  are 


Fig.  356. — Hemorrhagic  Colitis.  {Harris.) 

Death  from  chronic  interstitial  Nephritis,  a.  Serosa,  b.  Longitudinal  muscle-layer,  c.  Circular 
muscle-layer,  d.  Submucosa,  e.  Necrosing  mucosa,  f.  Slough  on  the  surface  of  the  mucosa; 
necrotic  membrane,  g.  Artery  with  exfoliating  endothelium,  h.  Vein  with  softened  and  necrosing 
wall.  1.  Areas  of  hemorrhage. 


numerous,  the  follicular  necrosis  may  give  rise  to  small  erosions  or 
deeper  ulcers.  The  mucosa  is  usually  intensely  edematous,  red  and  in- 
jected, soft  and  velvety.  Histologically,  the  interglandular  connective 
tissue  and  the  submucosa  contain  numerous  leukocytes,  and  the  epithelium 
of  the  surface  and  that  lining  the  crypts  is  actively  desquamating  and 
often  superficially  necrotic.  Marked  hemorrhage,  particularly  in  the 
dysentery  cases,  is  often  present.  Sometimes  the  process  is  distributed 
with  remarkable  uniformity;  in  other  cases  it  is  restricted  to,  or  is  more 
intense  in,  definite  areas,  such  as  the  caput  coli,  splenic  flexure,  and  sig- 
moid. Such  localization  is  usually  determined  by  conditions  leading  to 
relatively  prolonged  contact  of  infectious  matter  with  the  mucosa.  With 
the  subsidence  of  the  infection  or  withdrawal  of  other  irritants  the  in- 
flammation gradually  subsides,  the  epithelium  regenerates,  the  lymphoid 
structures  are  restored,  and  the  mucosa  may  remain  but  slightly  altered, 
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although  clinical  observations  indicate  that  its  susceptibility  to  irritation 
— particularly  after  a number  of  acute  attacks — is  notably  increased. 

Chronic  catarrhal  colitis  usually  follows  the  acute  form,  and  is  due 
to  persistent  action  of  one  or  more  of  the  same  causes.  Constitutional 
vices  which  disturb  metabolism,  particularly  excretion,  often  favor  per- 
petuation of  acute  lesions.  It  is  well  known  that  in  uremia,  inflamma- 
tions and  ulcerations  of  the  stomach  and  intestine,  and  especially  the 
colon,  frequently  occur;  subjects  of  renal  disease  are  not  infrequently 
affected  by  chronic  catarrh  of  the  colon.  Chronic  catarrhal  colitis  is 
frequently  a manifestation  of  dysentery,  the  causes  of  which  I shall 
presently  discuss.  The  changes  occurring  in  this  form  of  colon  inflam- 
mation are  many  and  varied;  they  are,  however,  of  a type  usually  ob- 
served in  chronic  catarrhal  inflammations  of  mucous  membranes  (p. 
553).  The  surface  of  the  mucosa  is  often  irregular,  sometimes  velvety, 
or  even  polypoid.  In  some  cases  marked  thickening  of  the  mucous  and 
submucous  layers  gives  rise  to  undulating  irregular  folds,  and  in  other 
instances  the  formation  of  fibrous  tissue  and  its  subsequent  contraction 
thin  the  glandular  membrane  and  distort  the  tube.  Ulcers  are  almost 
invariably  present;  in  distribution  they  often  correspond  to  the  areas 
of  lymphoid  tissue  (follicular  ulceration),  which  usually  are  irregularly 
distributed;  the  margins  of  such  ulcers  are  uneven  and,  when  they  extend, 
the  contour  is  sometimes  serpiginous ; an  ulcer  may  be  enlarging  in  one  part 
and  healing  in  another.  It  is  probable  that  when  ulceration  is  marked, 
the  antecedent  inflammation  was  more  of  a gangrenous  or  pseudomem- 
branous type,  rather  than  catarrhal.  The  muscular  layer  is  often  thick- 
ened, the  serosa  may  be  fibrous,  and  the  colon  attached  to  contiguous 
structures.  Some  writers  distinguish  between  chronic  catarrhal  colitis 
and  chronic  ulcerative  colitis,  but  it  is  probable  that  both  are  results  of 
persistent  irritation  (infection,  ameba)  in  tissue  often  weakened  by  pre- 
vious local  or  systemic  conditions.  Colitis  polyposa1  is  rare;  Pope’s  pa- 
tient had  syphilis  and  was  debilitated  from  other  causes.  Sometimes  in 
the  polypoid  masses,  and  occasionally  in  the  mucosa  when  polypi  are 
absent,  definite  cysts  are  formed,  probably  from  accumulation  within  the 
follicles.  This  condition  has  been  called  cystic  colitis. 

Pseudomembranous  colitis,  also  called  croupous  colitis  and  mem- 
branous catarrh  of  the  colon,  occurs  as  an  acute  affection  frequently 
associated  with,  or  constituting  an  important  part  of,  dysentery,  and 
as  a chronic  or  recurring  lesion,  the  pathology  of  which  is  extremely 
obscure.  The  acute  form  is  characterized  by  the  production  of  a pseudo- 
membrane lying  upon  and  involving  the  superficial  part  of  the  mucosa, 
and  composed  of  cellular  detritus,  leukocytes,  and  mucus,  and  frequently 
containing  fibrin;  the  quantity  of  fibrin  varies  in  different  cases,  and 
in  some  instances  none  can  be  demonstrated  in  the  membrane.  Flakes 
of  membrane  and  sometimes  sheets  and  occasionally  casts  of  the  colon 
may  be  passed  with  the  feces.  At  autopsy  areas  of  attached  mem- 
brane are  frequently  present,  and  irregular  masses  are  usually  loose  in 
the  bowel  cavity.  One  part  of  the  bowel  may  show  the  lesions  of  catar- 
rhal inflammation;  pseudomembrane  may  be  present  in  another  area; 
and  a third  portion  exhibits  the  changes  usually  observed  in  gangre- 
nous inflammations.  The  infiltration  of  the  submucosa,  and  cellular 
accumulation  between  the  crypts,  are  similar  to  those  described  in  the 
acute  catarrhal  inflammation. 

1 Pope,  Brit.  Med.  Jour.,  July  23,  1904,  p.  180. 
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The  chronic  recurring  or  relapsing  colitis,  also  called  mucous  colitis,1 
is  an  affection  about  the  etiology  and  pathology  of  which  we  possess 
little  accurate  information.  Particles  of  membrane,  or  even  large  casts, 
escape  in  the  stools;  the  membrane  is  hyaline,  usually  structureless, 
and  often  contains  no  demonstrable  fibrin.  The  disease  affects  adults, 
especially  females,  and  is  commonly  associated  with  hysteria,  nervous 
affections,  and  constipation.  It  is  probable  that  in  this  group  of  cases  a 
number  of  conditions  are  included,  some  of  which  are  not  inflammatory. 
Ewald  believes  that,  in  some  instances  at  least,  the  condition  is  a neurosis, 
and  proposes  the  name  myxoneurosis  intestinalis  membranacea. 

Gangrenous  colitis,  also  called  diphtheric  colitis  and  necrosing  colitis, 
is  often  associated  with  pseudomembranous  inflammation,  and  prob- 
ably represents  nothing  more  than  a deeper  necrosis,  due  to  an  infec- 
tion of  greater  intensity.  Large  areas  of  the  mucous  membrane  or 
irregular,  smaller  portions  undergo  a form  of  coagulation  necrosis  which 
may  extend  into  the  submucosa  or  muscular  layer  and  occasionally 
involves  all  coats  of  the  bowel.  The  necrotic  tissue,  after  separation, 
leaves  irregular  denuded  areas  which,  if  the  patient  survive,  are  con- 
verted into  ulcers.  The  necrotic  fragments  may  be  recognized  in  the 
stools.  Opened  vessels  sometimes  bleed  profusely;  septic  phenomena 
are  often  marked,  and  the  absorbed  toxic  products  may  give  rise  to 
necrotic  areas  in  the  liver  and  spleen,  and  sometimes  induce  an  acute 
nephritis.  Should  the  patient  survive,  chronic  ulcerative  processes 
and  persistent  catarrhal  inflammation  continue  the  structural  altera- 
tions sometimes  for  months  or  even  years.  The  anatomic  changes 
leave  the  mucous  membrane  so  profoundly  altered  that  its  susceptibility 
to  all  forms  of  irritation  is  greatly  increased,  and  consequently  recurrences 
and  relapses  are  frequent  and  complete  recovery  is  uncommon. 

The  term  dysentery2  is  applied  to  a number  of  affections  in  all  of 
which,  although  the  ileum  may  also  be  involved,  the  constant  anatomic 
changes  are  situated  in  the  large  bowel;  in  all  its  manifestations  the  process 
is  essentially  a colitis.  Classification  of  the  dysenteries  is  difficult  if  not 
impossible;  this  is  largely  the  result  of  existing  confusion  with  regard  to  the 
etiology,  and  partly  on  account  of  the  difficulty  in  coordinating  clinical, 
epidemiologic,  etiologic,  and  anatomic  forms  in  such  a way  as  to  estab- 
lish definite  order.  Clinically,  acute  and  chronic  forms  are  recognized; 
the  epidemiologist  is  able  to  detect  sporadic,  endemic,  and  epidemic  forms 
of  the  affection,  and  those  who  study  the  etiology  distinguish — (i)  a 
type  due  to  irritation  by  indigestible  food,  preformed  poisons,  and  irri- 
tants of  various  kinds;  (2)  another  type — often  occurring  in  epidemics — 
clearly  of  an  infectious  nature;  and  (3)  a series  of  cases  in  which  the 
affection  is  due  to  the  ameba.  The  dysenteries  due  to  spirilla,  and  those 
induced  by  the  Balantidium  coli,3  are  so  infrequent  that  they  may  be  dis- 
regarded. Of  the  irritative  or  chemic  dysentery,  resulting  from  the 
ingestion  of  preformed  poisons,  we  possess  but  little  accurate  informa- 


1 Riva,  Gazz.  degli  Ospedali,  1906,  xxvii,  No.  36.  Hale  White,  Lancet,  Oct.  28, 
1905.  Nepper,  Gaz.  des  Hop.,  June  20,  1907.  Kaabak  and  Rosenschein,  Virch.’ 


1908,  p.  980. 


Arch.,  1908,  cxciv,  No.  3.  Nepper,  New  York  Med.  lour  Mav  2? 

Cheinisse,  Sem.  Med.,  Aug  12,  1908,  p.  385.  J ’ 7 3’ 

. B foi da,  Arch,  de  Med.  Exper.,  Nov.,  1903,  p.  820.  Dopter,  Les  Dysenteries 
Epidemiologie,  Anatomie  Pathologique,  Clinique  et  Therapeutique  Paris  1010 
^hrnroolh,  Zeit.  f.  klin.  Med.,  Bd.  xlix,  p.  321.  Klimento,’  Ziegler’s  Beit 
1903,  Bd.  xxxi  11,  p.  280.  Bowman,  Bull,  de  l’Inst.  Pasteur,  Aug  30  1910  p 7iS’ 
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tion,  and  no  observations  justify  giving  it  a position  distinct  from  other 
forms  of  colitis. 

Acute  infectious  dysentery  is  evidently  due  to  some  communicable 
factor,  and,  at  the  present  time,  is  usually  attributed  to  the  Bacillus 
dysenteriae. 1 Anatomically  the  alterations  observed  in  acute  cases  cor- 
respond to  the  different  types  of  acute  colitis  already  described;  the 
changes  in  the  ileum  are  rarely  marked.  In  the  milder  cases  the  lesion 
is  catarrhal,  with  superficial  necrosis  and  some  follicular  swelling;  the 


A 

Fig.  357. — -Perforating  Ulcer  of  Colon  (Amebic  Dysentery).  ( Specimen  presented  to  the  Museum 
of  the  Jefferson  Medical  College  by  Capt.  C.  F.  Kieffer,  U.  S.  A.) 

A,  A.  Small  irregular  superficial  ulcers  extending  to  the  submucosa  only.  B.  Perforation  of  a terraced 
ulcer.  C.  Serosa.  D.  Muscularis.  The  remainder  of  the  large  irregular  ulcer  extends  no  deeper 
than  the  submucosa. 


hyperemia  is  frequently  intense,  and  the  rugas  are  unduly  prominent; 
at  points  ecchymosis  or  distinct  hemorrhage  may  be  present.  Later,  or  in 
more  marked  cases,  pseudomembrane  forms,  or  extensive  tissue  destruc- 
tion manifests  the  necrotic  tendency  of  the  process.  The  colon  may  be 
grayish,  or  greenish,  and  contain  dusky  brown  areas  of  necrotic  tissue.  In 
cases  that  have  persisted  longer  the  softening  and  thickening  of  the  colon 
are  often  intense,  purulent  collections  may  be  found  in  the  submucosa,  and 
peritonitis  is  not  infrequently  present.  It  will  be  observed  that  the  lesions 
do  not  always  differentiate  the  affection  from  other  types  of  colitis. 

1 References  to  Bacillus  dysenteriae  given  on  p.  114.  The  important  literature 
of  this  form  of  dysentery  will  be  found  in  or  may  be  traced  from  Report  of  an 
Epidemic  of  Bacillary  Dysentery  at  the  Danvers  State  Hospital,  Massachusetts, 
1 908. 
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Amebic  dysentery1  involves  the  colon,  particularly  the  caput  coli,  and 
occasionally  the  appendix.  In  typical  cases  of  the  disease  ulceration  is 
especially  marked  in  the  lower  and  anterior  parts  of  the  colon;  the  ulcers 
are  irregular  in  outline,  and  the  long  axis  often  transverse  to  the  axis  of  the 
gut.  Sometimes  the  floors  of  the  ulcers  are  honeycombed;  the  edges  are 
usually  undermined.  The  changes  apparently  begin  in  the  submucosa,  or 
at  least — even  before  ulceration — are  most  marked  in  that  structure, 
which  becomes  intensely  swollen  and  promptly  infiltrated  by  mononu- 
clear cells.  The  cellular  infiltrate,  in  addition  to  small  mononuclear  cells, 


Fig.  358. — Amebic  Dysentery  in  Puppy  (Third  to  Fourth  Day).  (Harris.) 
a-e.  Coats  of  intestine,  f.  Necrosis  of  epithelium  at  margin  of  ulcer,  e.  Edge  of  ulcer,  h.  Infiltrated 

submucosa. 

contains  larger  elements,  possessing  single  nuclei  and  vesiculated  proto- 
plasm; such  cells  resemble  ameba.  Necrosis  of  the  overlying  mucosa,  and 
often  the  adjacent  muscularis,  follows  the  changes  in  the  submucosa. 
The  amebae  are  most  conspicuous  in  the  active  lesion,  and  are  rarely 
found  in  advance  of  the  cellular  infiltration.  The  walls  of  the  contained 
vessels,  especially  the  veins,  are  infiltrated  by  the  accumulated  cells,  and 
frequently  contain  thrombi  and  sometimes  amebae.  As  the  process 
approaches  the  serosa  a fibrinous  inflammation  surmounts  the  lesion, 

1 See  description  of  amebae,  also  literature  in  foot-note,  p.  165.  Woolley  and 
Musgrave,  Bull.  Bureau  of  Government  Lab.,  Manila,  No.  32,  June,  1905.  Marshall, 
Philippine  Jour,  of  Sci.,  vol.  iv.  No.  5,  Sect.  B.  Med.  Div.,  1909.  Patterson,  Amer’. 
Jour.  Med.  Sci.,  Aug.,  1909. 
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and  adhesion  to  contiguous  structures  commonly  occurs.  Superficial 
erosion  or  even  ulceration  in  which  amebae  cannot  be  demonstrated 
sometimes  accompanies  the  lesion  and  is  probably  due  to  concurrent 
bacterial  infection.  Perforation  of  the  intestine  is  infrequent.  Of  2377 
cases  of  tropic  dysentery,  probably  amebic,  hepatic  abscess  occurred  in 
19.3  per  cent. 

Cholera  asiatica1  is  an  infectious  disease  characterized  by  an  inflam- 
mation of  the  intestine  and  evidences  of  systemic  intoxication.  The 
lesion  in  the  intestine  (p.  117)  is  that  of  an  acute  serous  catarrh. 

Typhoid  or  enteric  fever  is  not  properly  a disease  of  the  intestines, 
although  its  most  striking  manifestations  commonly  occur  in  these  struc- 
tures. The  organism  associated  with  the  disease  is  described  on  page  no. 


Fig.  359. — Section  of  Wall  of  Colon  at  Border  of  Dysenteric  Ulcer. 

Showing  loss  of  substance  of  mucosa,  thickening  of  submucosa  from  inflammatory  changes  and  in  the 

latter  large  numbers  of  amebas  coli.  (Tyson.) 


By  the  administration  of  pure  cultures  of  the  typhoid  bacillus,  Griinbaum3 
has  produced  typhoid  in  the  chimpanzee.  Dufloco  and  Voisin3  report  an 
illness,  believed  to  have  been  typhoid,  due  to  taking  typhoid  culture 
with  suicidal  intent. 

Morbid  Anatomy . — More  or  less  marked  catarrhal  inflammation  of  the 
ileum  and  colon  accompanies  the  other  intestinal  lesions;  if  diarrhea  be 
present,  the  acute  intestinal  catarrh  is  usually  more  marked  than  when 
this  symptom  is  absent.  Early  in  the  disease  the  lymphoid  follicles 
become  swollen  and  prominent;  hyperemia  is  usually  present,  but  often 
is  not  marked.  Mallory  has  shown  that  the  endothelium  of  the  lymph- 

1 For  description  of  the  organism  and  bibliography  see  p.  115. 

2 Brit.  Med.  Jour.,  April  9,  1904. 

3 Arch.  Gen.  de  Med.,  Sept.  1,  1903.  See  also  Atlassoff,  Annales  de  l’lnst. 
Pasteur,  Nov.  25,  1904,  p.  701.  For  literature  on  morbid  anatomy  of  typhoid  see 
Mallory,  Jour,  of  Exper.  Med.,  vol.  iii,  p.  61 1.  Longcope,  Bull,  of  the  Ayer  Clinical 
Laboratory  of  the  Penna.  Hospital,  Jan.,  1903,  No.  2.  Baer,  Amer.  Jour.  Med.  Sci., 
May,  1904,  p.  787.  For  complications  of  typhoid  see  Keen,  Surgical  Complications 
and  Sequels  of  Typhoid  Fever,  1898.  Also  Hare  and  Beardsley,  The  Medical  Com- 
plications, Accidents,  and  Sequels  of  Typhoid  or  Enteric  Fever,  1909. 
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vessels  and  capillaries  proliferates,  and  that  fibrin  is  present  in  the  affected 
structures.  In  the  agminated  follicles — the  patches  of  Peyer — the  hyper- 
emic  swelling  and  the  cell  proliferation  are  more  marked  and  the  bacillary 
infiltration  is  deeper.  The  patches  are  elevated,  edematous,  and  sur- 
rounded by  a slight  zone  of  redness;  at  first  the  agminated  node  is  intensely 
engorged  and  deeply  colored,  but  later  the  tension  within  the  patch  rises, 
the  vessels  are  occluded  by  hyaline  thrombi,  less  blood  enters,  circulation 
is  arrested,  necrosis  occurs,  the  slough  separates,  and  an  ulcer  results. 
The  depth  of  the  ulcer  is  dependent  upon  the  extent  of  the  necrosis:  it  may 


Fig.  360. — -Small  Intestine.  Typhoid  Ulcer  during  the  Early  Part  of  Third  Week  of  the  Dis- 
ease. (Natural  size.) 

Th?  long  axis  of  the  ulcer  corresponds  to  that  of  the  bowel;  the  base  of  the  ulcer  still  contains  the  slough, 
or  necrotic  tissue,  which  is  nearly  ready  to  be  thrown  off;  its  ragged  and  fissured  surface  is  well  shown. 


involve  only  a part  of  the  mucosa,  but  more  commonly  the  entire  thickness 
of  the  epithelial  layer  is  destroyed,  and  the  submucosa  or  muscularis  is 
exposed.  The  edge  of  the  ulcer  is  irregular,  swollen,  and,  it  may  be, 
undermined;  the  base,  after  the  slough  has  completely  disappeared,  is 
clean  and  smooth.  If  the  sloughing  process  be  attended  by  infiltration 
and  vascular  stasis  in  the  muscularis,  the  necrosis  may  extend  through  the 
intestinal  wall,  or,  though  rarely,  perforation  results  from  extending 
lesions  after  the  slough  has  separated.  If  the  lesion  extends  through  the 
wall  of  the  intestine,  peritonitis  necessarily  ensues.  Yates  found  perito- 
neal inflammation,  without  perforation,  73  times  in  4300  cases  of  typhoid. 
Perforating  ulcers  occur  in  about  four  per  cent,  to  six  per  cent,  of  all  cases 
of  typhoid.  If  a vessel  of  any  size  be  opened  during  the  process  of  slough- 
ing, or  if  a coagulum  fails  to  form  in  a necrotic  vessel,  hemorrhage  results. 
With  separation  of  the  slough,  in  favorable  cases,  repair  begins;  embry- 
onic, followed  by  granulation  tissue  develops,  and  epithelial  reproduction 
proceeds  from  the  margins  toward  the  center. 

The  typhoid  ulcer  is  oval  in  outline,  with  its  long  diameter  in  the  axis 
of  the  bowel;  it  rarely  involves  the  entire  patch,  but  may  do  so;  the  ulcers 
are  most  abundant  and  most  constant  near  the  ileocecal  valve,  but  may 
develop  in  any  part  of  the  alimentary  canal  where  the  lymphoid  elements 
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are  present.  Chronologically,  infiltration  and  cell-proliferation  terminate 
in  necrosis  about  the  end  of  the  second  week  or  in  the  beginning  of  the 
third  week;  during  the  latter  the  sloughs  separate;  healing  may  not  be 
completed  until  clinical  recovery  has  long  been  passed.  The  typhoid 
ulcer  may  occur  elsewhere  than  in  the  alimentary  canal;  Baer  found  it 
present  in  the  larynx  in  about  twenty  per  cent,  of  the  fatal  cases.  They 
sometimes  occur  in  the  appendix  or  in  Meckel’s  diverticulum.  The  ulcer 
involves  the  ileum  in  97.5  per  cent,  of  the  cases.  Rarely  no  ulceration  is 
found;  Baer  has  collected  twenty-eight  cases,  verified  by  bacteriologic 
examination,  in  which  intestinal  ulceration  was  absent. 

With  infiltration  of  the  Peyer’s  patch,  and  the  generation  of  poisons 
therein,  the  lymphatics  and  blood-vessels  begin  the  absorption  of  toxins, 
whose  influence  may  be  wide-spread;  at  the  same  time  the  bacilli  gain 
access  to  the  viscera,  and  may  be  found  not  only  in  the  patches,  but  in  the 


b 


Fig.  361. — Section  through  a Typhoid  Ulcer,  End  op  Second  Week  of  the  Disease.  ( Schmaus .) 

(Partly  diagrammatic.) 

A.  Mucosa  and  submucosa,  the  latter  infiltrated  with  lymphoid  cells.  B.  Muscle-coats  of  intestine.  C . 

Serous  layer  of  intestine,  a.  Adjacent  nearly  normal  mucosa,  b.  Separating  slough. 

mesenteric  lymph-nodes,  spleen,  and  liver,  and  frequently  (ninety  per 
cent,  of  the  cases)  in  the  blood.  The  mesenteric  nodes  are  infiltrated,  and 
occasionally  necrotic;  suppuration  due  to  the  pyogenic  activity  of  the 
bacillus,  or  to  mixed  infection  by  pyogenic  cocci,  may  occur.  There  are 
three  recorded  instances  of  ruptured1  mesenteric  node.  The  adjacent 
lymph-nodes  (retroperitoneal)  may  be  involved. 

The  spleen  is  enlarged,  soft,  and  may  show  infarction,  rupture,  or  gan- 
grene. (See  Acute  Splenic  Tumor,  p.  430.)  The  liver  is  the  seat  of 
cloudy  swelling,  and  quite  constantly  contains  areas  of  coagulation 
necrosis.  The  kidneys  exhibit  a similar  change,  or,  as  a result  of  the  in- 
tense toxemia  and  bacteremia,  an  acute  nephritis  may  be  present.  The 
muscles  of  the  abdomen  and  the  adductors  of  the  thighs  are  commonly 
altered  by  hyaline  or  vitreous  degeneration;  rarely,  other  muscles  are 
similarly  affected.  Granular  change  or  cloudy  swelling  may  be  present 
in  the  cardiac  muscle;  an  acute  nonsuppurative  interstitial  myocarditis 
(p.  493)  is  occasionally  observed.  Changes  in  the  bone-marrow,  resembling 
those  occurring  in  the  lymphoid  follicles  of  the  intestine  and  spleen, 
were  present  in  each  of  the  26  cases  studied  by  Longcope.  There  was  a 
similar  accumulation  of  lymphoid  cells  and  large  endothelial  phagocytes; 
foci  of  necrosis  were  also  frequently  present  in  the  affected  marrow.  It 
is  well  known  that  suppurative  processes  and  accessory  not  uncommonly 
occur  in  the  bones  after  typhoid,  and  that  the  bacillus  may  be  obtained 
from  such  lesions  long  after  recovery  from  the  initial  infection.  When 

1 Le  Conte,  Jour.  Amer.  Med.  Assoc.,  Oct.  22,  1904,  p.  1188. 
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the  complication  occurs  during  or  immediately  after  typhoid,  it  might 
be  accounted  for  by  embolism,  endothelial  changes  in  the  vessels,  or 
thrombosis;  such  an  explanation  fails  to  make  clear  the  long  latent  period 
often  present;  it  may  be  that  the  bacteria  require  some  accessory  factor — 
such  as  injury — in  order  to  extend  the  inflammatory  process.  The 
bacillus  is  frequently  present  in  the  biliary  passages,  and  in  some  cases 
persists  years  after  the  attack  of  typhoid.  It  may  give  rise  to  cholecys- 
titis, which  in  some  instances  is  suppurative;  gall-stones  often  follow 
typhoid  infection  of  the  gall-bladder.  In  addition  to  the  cardiac  changes 
already  mentioned,  endarteritis,  endophlebitis,  and  thrombus  formation 


€ 


Fic.  362—  Section  [of  the  Intestinal  Wall  at  the  Edge  of  a Typhoid  Ulcer,  Beginning  of  Third 
Week  of  the  Disease.  (Much  higher  magnification  than  Fig.  361.)  (1-inch  obiective-  i-inch 
projection  ocular.  ) ’ 2 

Specimen  hardened  in  corrosive  sublimate,  infiltrated  with  paraffin,  stained  in  hematoxylin  and  eosin  and 
mounted  in  balsam,  a.  Mucosa,  which  overhangs  the  margin  of  the  ulcer,  b.  Submucosa  in- 
filtrated with  serum  and  containing  some  fibrin.  Near  the  ulcer  well-marked  and  extensive  round-cell 
infiltration  is  seen.  c.  Transverse  muscle-fibers;  immediately  under  the  ulcer  these  will  be  seen  con- 
taining many  round  cells  and  are  the  seat  of  degenerative  changes  not  discernible  with  this  magnifica- 
tion. d.  longitudinal  muscle-fibers,  e.  Slough  of  necrotic  tissue  matted  together  and  about  separated 
preliminary  to  being  thrown  off. 


are  occasionally  due  to  infection  by  the  typhoid  bacillus;  endocarditis 
is  less  frequent.  Thayer  sl  studies  indicate  that  not  only  may  typhoid 
produce  acute  lesions  in  the  vascular  system,  but  that  it  is  possible  for 
it  to  develop  conditions  which  terminate  in  arteriosclerosis.  A thrombo- 
phlebitis sometimes  involves  the  portal  vein  or  its  branches  and,  though 
infrequently , other  veins.  Noma  and  other  gangrenous  processes  occasion- 
ally occur. 

Paratyphoid  fever  is  an  infection  generally  thought  to  be  different 

1 Johns  Hopkins  Hospital  Bull.,  Oct.,  1904. 
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from  typhoid,  but  due  to  a closely  allied  organism — the  paratyphoid 
bacillus1 — of  which  Buxton  and,  more  recently,  Fox  recognize  two  forms. 
The  disease  appears  to  be  a bacteremia  without  constant  anatomic 
lesions.  The  intestinal  lesions  are  variable;  the  ulcers  are  described  as 
resembling  the  necroses  of  dysentery  more  than  those  of  typhoid.  Splenic 
enlargement  is  present,  but  neither  the  clinical  nor  the  anatomic  picture 
is  sufficient  to  distinguish  the  disease  from  typhoid;  the  bacilli  isolated 
are  intermediate  between  the  colon  bacillus  and  the  Bacillus  typhosus, 
and  the  diagnosis,  clinical  and  anatomic,  must  be  based  on  agglutination 
tests. 


Fig.  363. — Colon,  Syphilitic  Stenosis.  (Three-fourths  natural  size.) 

A.  Small  opening  through  point  of  greatest  obstruction.  B to  C.  Massive  gumma,  contraction  of  which 

produced  stenosis. 


Syphilis  of  the  intestine2  occurs  in  both  hereditary  and  acquired  forms 
of  the  infection.  Acute  and  chronic  catarrhal  conditions,  attributed  to 
syphilis,  possess  neither  anatomic  nor  clinical  peculiarities  distinguishing 
them  from  similar  manifestations  arising  from  other  causes.  Syphilitic 
ulcerations  may  involve  the  small  and  large  intestine,  but  are  most  fre- 
quent in  the  rectum.  Perforation  occurs,  but  is  uncommon.  The  ulcers 
frequently  result  from  necrotic  processes  affecting  gummata,  and,  when 
cicatrized,  usually  give  rise  to  strictures.  Gumma  without  ulceration  may 
also  cause  stenosis.  Syphilitic  strictures  are  usually  in  the  rectum,  and, 
according  to  Allingham  and  also  Matthews,  about  half  of  the  stenoses 
occurring  in  the  rectum  are  of  syphilitic  origin.  Two-thirds  of  the  patients 
are  women,  and  the  condition  is  more  common  in  the  colored  than  in  the 
white  race. 

Actinomycosis  of  the  intestine3  is  of  necessity  considered  with  ab- 

1 Wells  and  Scott,  Jour,  of  Infect.  Diseases,  Jan.  2,  1904,  p.  72.  Henry,  Amer. 
Med.,  April  15,  1905,  p.  613.  Fox,  Univ.  of  Penna.  Med.  Bull.,  April,  1905.  Proes- 
cher  and  Roddy,  Jour.  Amer.  Med.  Assoc.,  Feb.  6,  1909,  p.  470.  Schone,  Zeits.  f. 
Hyg.,  t.  lxv,  f.  1,  Feb.  22,  1910.  Sacqueppe  and  Bellot,  Progres  Med.,  1910,  No.  3. 
Cecil,  Arch.  Intern.  Med.,  May,  1910,  p.  510.  Paul,  New  York  Med.  Jour.,  Oct.  22, 
1910. 

2 Weiss,  Centralbl.  f.  d.  Grenzegebiet.  d.  med.,  Jena,  1902,  vol.  v,  Nos.  15  and  16. 
Suarez  de  Mendoza,  Gaz.  des  Hop.  Civils  et  Militaires,  March  17,  1904.  Elder,  Brit. 
Med.  Jour.,  May  7,  1904,  p.  1068.  Frankenburger,  Med.  News,  Feb.  4,  1905,  p.  204. 

3 Burnam,  Bull,  of  Johns  Hopkins  Hosp.,  April,  1904.  Loewe,  Inaug.  Diss., 
Greifswald,  1904.  Courtois,  These  de  Paris,  1906.  Short,  Lancet,  September  14, 
1907. 
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dominal  actinomycosis  because,  in  many  cases,  it  is  impossible  to  decide 
whether  the  lesion  began  in  the  intestine  or  some  other  abdominal  viscus. 
According  to  Burnam,  there  are  32  cases  of  actinomycosis  of  the  appendix 
on  record;  the  condition  is  called  perityphlitis  actinomycotica.  Approx- 
imately sixty  per  cent,  of  the  intestinal  infections  are  in  the  neighbor- 
hood of  the  appendix.  The  lesion  may  be  suppurative  or  neoplastic; 
the  former  gives  rise  to  abscesses  in  which  the  fungus  can  readily  be 
detected.  In  the  second  variety,  tumors,  which 
are  sometimes  pedunculated,  are  formed;  neither 
necrosis  nor  abscess  formation  is  conspicuous. 

The  pelvic  manifestations  of  actinomycosis 
often  appear  to  arise  in  the  organs  of  reproduc- 
tion situated  in  that  area,  but  may  also  result 
from  rectal  infection. 

Tuberculosis  of  the  intestine1  may  be  primary 
or  secondary;  the  former  is  exceedingly  rare; 
the  latter  is  common  in  all  forms  of  tuberculosis 
in  which  material  containing  bacilli  is  swal- 
lowed. . The  incidence  of  primary  tuberculosis 
of  the  intestine  is  not  the  same  for  all  coun- 
tries, and  the  affection  is  much  more  frequent 
in  children  than  in  adults.  Hunter’s  experi- 
ence in  China,  where  tuberculosis  is  common, 
gives  the  lowest  percentage;  he  found  five  cases 
in  5142  autopsies.  Wagener,  in  Germany,  ob- 
served it  in  16.4  per  cent,  of  children  under 
fifteen  )rears  of  age;  of  203  cadavers  of  children, 
examined  by  Orth,  in  only  two  was  there  reason 
to  believe  that  the  intestinal  lesion  was  primary. 

It  may  affect  the  intestine,  giving  rise  to  char- 
acteristic tuberculous  ulcers,  or  the  bacillus 
passes  through  the  intact  mucosa  and  is  de- 
posited in  the  contiguous  mesenteric  lymph- 
nodes.  Secondary  tuberculosis  of  the  intestine 
may  be  miliary,  ulcerative,  or  hyperplastic. 

Miliary  tuberculosis  of  the  intestine  is  usu- 
ally a.  part  of  a general  miliary  tuberculosis. 

Sometimes  the  tubercles  can  be  recognized  in 
the  submucosa,  or,  when  the  peritoneum  is  in- 
volved, on  the  serous  surface.  Chronic  caseous 
or  ulcerative  tuberculosis  of  the  bowel  commonly 
begins  as  an  infiltration  of,  but  is  not  restricted  to,  the  adenoid  tissue— 
usually  a Beyer’s  patch.  After  infiltration  and  the  formation  of  miliary 
tubercles,  caseation,  followed  by  necrosis  of  the  overlying-  epithelium  gives 

nse  ]»  “ (See  P-.  128.)  The  long  axis  of  a tuberculous  ukeils 

usually , although  not  invariably,  transverse  to  the  axis  of  the  intestine  • this 
peculiarity  is  due  to  the  distribution  of  the  lymphatics  and  vessels  along 


Fig.  364. — Small  Intestine;  Sec- 
ondary Tuberculoses;  Multiple 
Tuberculous  Ulcers. 


1 Epstein,  Wien.  klin.  Rundschau,  Feb.  28,  1904.  Cullen  Amer  Tour  Med 
Sci.,  March,  1904.  Berard  and  Leriche,  Revue  de  Chir  Aup  10  mot  n 
Frohlich,  Wien.  klin.  Woch  Dec.  15,  1904,  p.  1344.  Heller,  B?rl.  klm.  Woch.,  vol 
h No.  20.  Stoney,  Lancet,  July  29,  1905,  p.  287.  Toyosumi,  Virch.  Arch.  Bd' 
p 2*31  Heiheft’  19081  p'  247‘  Amenomiya,  Virch.  Arch.,  Bd.  cci,  H.  2,  ’1910 
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the  course  of  which  the  ulceration  extends.  Commonly  the  infection 
is  propagated  through  the  intestinal  wall,  and  miliary  tubercles  appear 
immediately  beneath  the  subserosa.  The  edge  of  the  ulcer  is  usually 
irregular,  the  margins  undermined,  and  the  floor  necrotic  and  often  con- 
taining macroscopic  tubercles  in  which,  by  direct  or  by  transmitted  light, 
caseous  centers  can  usually  be  recognized  (p.  1 25.)  A catarrhal  inflamma- 
tion of  the  contiguous  mucosa  is  commonly  present.  As  a result  of  fibroid 
changes  in  the  floor  of  the  ulcer,  and  especially  in  the  serosa,  contraction 
frequently  occurs,  giving  rise  to  stenosis.  Perforation  is  infrequent. 
According  to  Toyosumi  regeneration  of  destroyed  mucosa  including 
lymphoid  tissue  is  often  evident.  The  mesenteric  nodes  are  commonly 
involved  and,  in  some  cases,  the  retroperitoneal  lymphatic  tissues  are 
also  affected.  Extension  to  the  peritoneum  may  give  rise  to  tuber- 
culous peritonitis.  (See  p.  474.) 


/ / 

Fig.  365.— Tuberculous  Ulcer.  ( Schmaus .)  X x 2 diameters. 
a Mucosa,  b.  Submucosa,  in  which  are  numerous  tubercles,  t and  t' ; in  the  latter,  caseation  is  advanced. 
c.  Muscularis.  d.  Serous  covering,  in  which,  at/,/,  are  two  tubercles,  g.  Opening  of  ulcer  into  the 
lumen  of  the  canal. 

Chronic  hyperplastic  tuberculosis  of  the  intestine1  usually  occurs  in 
the  neighborhood  of,  or  is  primary  in,  the  cecum.  The  intestinal  wall 
of  the  affected  area  may  be  enormously  thickened,  sometimes  meas- 
uring 1 cm.  from  serosa  to  mucosa.  The  thickening  is  often  the  result 
of  fibrous  tissue  hyperplasia  in  which  characteristic  tubercles  are  scanty 
and  occasionally  absent  (p.  128).  The  overlying  serosa  is  greatly  thick- 
ened, and  often  is  firmly  attached  to  contiguous  structures.  The  thick- 
ened nodule  is  sometimes  sausage-shaped  and  occasionally  can  be  felt 
through  the  abdominal  wall.  By  parietal  adhesion  and  extension  the 
lesion  process  may  be  propagated  through  the  belly-wall  and  at  points 
open  externally,  giving  rise  to  fistulous  tracts  which  communicate  with  the 
primary  focus  of  the  infection.  Although  the  lumen  is  usually  narrowed 
sufficiently  to  cause  obstruction,  ulceration  of  the  mucosa  is  not  invariably 
present.  In  most  cases  the  histologic  picture  of  tuberculosis  can  be  iden- 
tified, but  sometimes  characteristic  tubercles  and  bacilli  are  difficult  to 
demonstrate.  The  nearest  lymph-nodes  are  almost  invariably  affected, 
although  rarely  is  the  involvement  as  extensive  as  in  the  caseous  and 
ulcerative  form  of  intestinal  tuberculosis.  The  condition  is  frequently 
mistaken  for  a malignant  growth,  and  is  amenable  to  operative  treat- 
ment, after  which  an  occasional  patient  recovers.  The  extensive  fibrous 
changes  are  evidences  of  considerable  resistance  on  the  part  of  the  patient, 
or  infection  by  bacilli  possessing  slight  virulence. 

1 Baum,  Munch,  med.  Woch.,  Aug.  28  and  Sept.  4,  1906.  deNancrede  and 
Butterfield,  Trans.  Amer.  Surg.  Assoc.,  1906.  Hartmann,  Brit.  Med.  Jour.,  April 
13,  i9°7,  P-  849- 
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Tumors  of  the  Intestine. — Papilloma  is  occasionally  seen  around  the 
anal  border,  but  is  not  common.  Adenoma 1 may  occur  in  any  part  of 
the  canal,  and  is  especially  frequent  in  the  rectum.  It  is  usually  solitary; 
occasionally  two  or  three  are  present,  and  in  rare  cases  large  tracts  of  the 
mucous  membrane  are  covered  with  these  tumors.  In  the  beginning 
adenoma  is  sessile,  the  surface  rapidly  becomes  tuberous  and  papilloma- 
tous (papillary  adenoma),  and  in  many  cases  a pedicle  forms.  It  is 
probable  that  the  growth  is  induced  by  local  irritation ; it  is  not  infre- 
quently observed  in  venal  distomatosis,  in  which  condition  the  ova  of  the 
parasite  are  usually  found  in  the  tumors.  In  infancy  and  childhood 


Fig.  366. — Hyperplastic  Tuberculosis  op  Small  Intestine.  Note  the  fibrous  hyperplasia  in  the 

submucosa. 

a-p.  Layers  of  the  intestinal  wall.  G.  Irregular  tubules  enlarged  and  proliferating,  h.  Small  crypts, 
branched,  i.  Cystic  dilatation  of  crypts,  j,  j.  Tubercles  in  subserosa,  k.  Tubercles  in  circular- 
muscular  coat. 

adenomata  are  benign,  but  in  middle  life  they  are  frequently  converted 
into  carcinoma  (p.  315).  Carcinoma  of  the  intestine  is  the  most  frequent 
tumor  of  the  bowel;  it  may  be  situated  anywhere  between  the  duodenum 
and  anal  border,  but  is  commonest  in  the  rectum.  Leichtenstem,  in 
4567  cancers,  found  143  arising  in  the  rectum  and  35  in  other  parts  of  the 
intestine.  Brill,2  in  770  cases  of  intestinal  carcinoma,  found  33  in  the 
small  intestine.  Petersen  and  Colmers,3  in  a study  of  carcinomata  of  the 
digestive  tract,  found  66  in  the  stomach,  22  in  the  colon,  and  212  in  the 
rectum.  According  to  these  observers  cancer  remains  localized  longer 
when  the  rectum  is  involved  than  when  the  stomach  is  affected.  Of  41 
duodenal  cancers  collected  by  Rolleston  the  average  age  of  the  patients 
was  fifty-two  years.  When  situated  in  the  first  part  of  the  duodenum,  it  is 
called  juxtapyloric  duodenal  carcinoma;  supra- am  pullary  cancer  arises 
just  above  the  opening  of  the  bile-duct;  peri-ampullary  carcinoma  sur- 
rounds the  orifice  of  the  bile-duct;  infra- ampullary  or  juxtajejunal  cancer 
occurs  in  the  lower  part  of  the  duodenum.  Of  the  25  carcinomata  of  the 

1 Ball,  Erasmus  Wilson  Lectures,  Brit.  Med.  Jour.,  Feb.  21.  iqo?  v.  in 

2 Amer.  Jour.  Med.  Sci.,  Nov.,  1904,  p.  824. 

3 Beit.  z.  klin.  Chir.,  1904,  Bd.  xliii. 
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colon  collected  by  Clogg,  8 were  in  the  cecal  region,  3 in  the  hepatic,  6 in 
the  splenic,  and  8 in  the  rectosigmoid  areas.  There  are  over  one  hundred 
recorded  cases  of  primary  carcinoma  of  the  appendix.1  Two  distinct  types 
of  cancer  of  the  large  bowel  may  be  recognized:  one  in  which  the  tumor 
involves  several  centimeters  of  the  bowel  and  is  soft,  with  little  tendency 
to  obstruct.  The  second  form  involves  a smaller  area,  is  often  circum- 
ferential and  usually  contracts,  giving  rise  to  a stricture.  Of  all  the 
cancers  of  the  bowel,  the  last-named  group  remains  localized  longest. 

The  softer  tumors  are  usually  cylindric-cell  carci- 
nomata; the  denser  masses  are  commonly  scirrhous 
cancers.  In  the  absence  of  obstruction  cancer  of 
the  bowel  may  be  latent  and  give  rise  to  no  symp- 
toms prior  to  those  due  to  metastasis.  The  great 
vascularity  of  the  intestine  favors  infiltration  of  the 
veins,  involvement  of  the  portal  branches,  and  con- 
sequently secondary  growths  in  the  liver  are  frequent. 

Connective-tissue  tumors  of  the  intestine  are 
uncommon.  Stetten2  collected  77  cases -of  sub- 
mucous lipoma  of  stomach  and  intestine;  3 were 
in  the  stomach,  31  in  the  small  intestine,  41  in  the 
large  intestine,  and  2 not  definitely  located.  In  7 
patients  the  tumors  were  multiple.  Most  lipomata 
of  the  intestine  are  submucous;  the  subserous  form 
is  rare.  They  frequently  become  polypoid,  and  are 
sometimes  detached  and  passed  with  the  feces;  Ray 
reported  a case  of  intussusception  due  to  a polypoid 
lipoma.  Fibromata,  osteomata,  and  myomata  are 
infrequent  tumors  of  the  intestine;  in  location  they 
may  be  submucous,  polypoid,  or  subserous.  Sarcoma 
of  the  intestine  is  rare;  of  106  malignant  tumors  in- 
volving the  bowel,  Mikulicz3  found  3 sarcomata  of 
the  small  intestine  and  2 of  the  colon;  the  series  also 
includes  5 carcinomata  of  the  small  and  95  of  the 
large  bowel.  Of  the  175  sarcomata  of  the  alimentary  canal  collected  by 
Corner  and  Fairbank,4  65  were  in  the  small  intestine,  20  in  the  ileocecal 
region,  11  in  the  large  intestine,  and  7 in  the  rectum.  The  growth  may 
be  annular,  plaque-like,  or  polypoid,  or  two  of  these  conditions  may  be 
combined.  In  one-third  of  the  cases  lymphatic  metastasis  occurred, 
and  in  9 instances  there  were  secondary  growths  in  other  organs.  The 
round-cell  sarcoma  is  the  most  frequent,  although  all  types  have  been 
observed;  Treves  reported  a case  of  melanotic  sarcoma  of  the  intestine. 
Of  the  45  intestinal  sarcomata  collected  by  Lecene,5  only  2 narrowed  the 
lumen  of  the  intestine. 

I have  already  (p.  479)  referred  to  retroperitoneal  neoplasms  and  cysts. 
Of  undetermined  origin  are  the  small  gas  cysts6  occasional^  observed 
at  operation  or  at  autopsy.  They  occur  in  the  submucosa  and  in  the 
subserosa,  as  single  cysts  or  in  congeries,  the  cavities  varying  in  size  from 


Fig.  367. — Small  Polypoid 
Fibroma  op  the  Ileum 
Causing  Intussuscep- 
tion and  Intestinal 
Obstruction. 

{Reproduced,  by  permission, 
from  the  Boston  Med.  and 
Surg.  Jrnl.) 


1 Norris,  Univ.  of  Penna.  Med.  Bull.,  vol.  xxiii,  No.  4,  June,  1910. 

2 Surgery,  Gynecol,  and  Obstet.,  Aug.,  1909,  p.  156. 

3 Arch.  f.  klin.  Chir.,  1903,  Bd.  ixix,  No.  1. 

4 Practitioner,  June,  1904,  p.  810. 

5 These  de  Paris,  1904,  Steinheil. 

0 Shennan  and  Wilkie,  Jour.  Path,  and  Bact.,  vol.  xiv,  1909. 
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microscopic  dimension  to  2 cm.  The  cysts  have  been  attributed  to  (a) 
new  growth,  (b)  bacteria,  (c)  mechanical  causes.  As  they  have  been 
found  at  one  operation  and  absent  at  one  shortly  later,  the  neoplastic 
origin  does  not  explain  all  cases. 

The  intestinal  lesions  accompanying  venal  distomatosis  are  described 
on  page  180. 

Enterolithiasis  consists  in  the  formation  of  definite  enteroliths,  or 
the  presence,  in  the  intestine,  of  finely  granular  earthy  matter  called 
intestinal  sand.  Enteroliths  arise  in  sacs  or  pockets,  such  as  divertic- 
ula, and  in  the  appendix;  they  are  composed  of  an  organic  basis,  con- 
sisting of  inspissated  fecal  matter  and  desquamating  cells,  into  which 
calcareous  salts  are  infiltrated.  It  is  possible  that  some  of  the  entero- 
liths are  derived  from  the  biliary  passages  or  the  pancreas,  although  it  is 
manifestly  improper  to  consider  gall-stones  and  pancreatic  calculi  with 
the  intestinal  concretions.  Analysis  of  intestinal  sand,  in  the  case  re- 
ported by  Bedford,1  showed  that  it  contained  five  per  cent,  of  moisture, 
twenty-eight  per  cent,  of  calcium  phosphate,  five  per  cent,  of  calcium 
carbonate,  less  than  one  per  cent,  of  magnesium  phosphate,  and  sixty 
per  cent,  of  organic  matter;  I have  omitted  the  fractions.  McNamara 
suggests  that  intestinal  sand  may  be  due  to  a reversionary  action  of  the 
epithelium  of  the  rectum  or  colon  to  the  egg-shell  forming  function  of 
birds.  Myer  and  Cook2  believe  that  the  appearance  of  sand  may  result 
from  the  ingestion  of  certain  vegetable  bodies,  especially  bananas. 

Hemorrhoids,  or  piles,  are  vascular  masses  occurring  in  the  lower 
rectum  and  around  the  anal  border;  they  are  usually  produced  by  varicose 
dilatation  of  the  hemorrhoidal  veins.  Reinbach’s  contention  that  new 
vessels  are  formed  is  probably  correct.  The  older  view  that  hemorrhoids 
were  due  to  cirrhosis  of  the  liver  and  heart  disease  is  no  longer  insisted 
upon..  Von  Recklinghausen  called  attention  to  the  fact  that,  under 
practically  all  normal  conditions,  no  matter  what  posture  the  body  is  in, 
the  tension  in  the  hemorrhoidal  veins  is  elevated,  and  must  be  influenced 
by  gravity;  the  absence  of  valves  intensifies  such  action.  When  outside 
the  sphincter,  they  are  called  external  piles,  and  when  within,  internal 
piles;  cutaneous  piles  are  external  hemorrhoids  just  beneath  the  skin. 
Injury  and  infection  frequently  give  rise  to  a thrombophlebitis  terminating 
in  the  formation  of  clots  which  sometimes  proceed  to  suppuration  and 
may  even  produce  pyemia;  in  other  instances  organization  of  the  throm- 
bus occurs.  Such  cicatrized  areas  may  constitute  tags,  or  flaps,  or  even 
polypoid  masses.  The  venous  stasis,  and  consequent  capillary  congestion, 
are  frequently  attended  by  hemorrhage  ( bleeding  piles). 

* . ^rib  .Med.  Jour.,  Dec.  6,  1902,  p.  1764.  See  also  Duckworth  and  Garrod, 
Medico-Chirurg.  Trans.,  1901,  and  Lancet,  March  8,  1901. 

2 Amer.  Jour.  Med.  Sci.,  March,  1909. 
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CHAPTER  XI. 


LIVER.1 


Normal  Structure  and  Function. — In  a number  of  ways  the  liver 
resembles  the  mucous  membranes  in  that  the  connective  tissue  passing 
throughout  the  organ  corresponds  to  the  basement  membrane,  and  the 
cell  elements  of  the  lobules  to  the  epithelium;  upon  the  latter  the  functional 
activity  of  the  organ  depends.  Each  lobule  is  composed  of  hepatic  cells 
arranged  in  rows  radiating  from  a common  center.  The  blood-supply, 
derived  from  the  portal  vein,  passes  from  the  periphery  of  the  lobule 
toward  the  center;  the  course  taken  by  the  blood  from  the  hepatic  artery 
is  of  necessity  similar,  as  the  blood  derived  from  the  two  sources  finds  its 
exit  by  the  one  route — the  hepatic  vein,  which  leaves  the  center  of  the 
lobule.  Schaffer  has  approved  the  view,  advanced  by  Prowicz,  that  not 
?nly  do  the  biliary  capillaries  arise  within  the  cell,  but  that  there  are 
intracellular  nutritive  canaliculi;  whether  these  latter  structures  com- 
municate with  the  blood-vessels  or  the  lymphatics  of  the  organ  is  still 
a matter  of  doubt,  but,  in  either  case,  vascular  stasis  might  directly  influence 
the  nutrition  of  the  cell  and  in  this  way  offer  an  explanation  for  the  marked 
changes  occurring  in  the  hepatic  cell  as  a result  of  impeded  circulation. 
The  existence  of  intracellular  nutritional  canals  would  also  afford  a 
histologic  explanation  for  the  cell-necrosis  observed  in  various  intoxica- 
tions, as,  by  such  a route,  poisons  would  be  brought  into  intimate  contact 
with  the  cell  protoplasm.  The  biliary  capillaries  arise  within  the  lobule 
and  are  probably  connected  with,  and  penetrate  the  hepatic  cell  through, 
the  intermediation  of  minute  channels,  called  intracellular  biliary  canalic- 
uli. The  existence  of  such  spaces  enables  us  to  understand  why  retention 
of  bile,  as  the  result  of  obstructive  disease  of  the  hepatic  ducts,  exerts 
such  a deleterious  influence  on  the  liver  cells. 

The  lobule  is  the  gland  unit  and  the  hepatic  cell  is  the  cell  unit.  The 
gland  differs  from  all  other  glands  in  its  blood-supply:  there  is  the 
usual  arterial  afflux,  represented  by  the  hepatic  artery;  to  this  is  added 
the  portal  supply — an  enormous  volume  of  blood — brought  from  the 
digestive  canal,  laden  with  the  absorbed  products  of  digestion.  The 
portal  vein  is  distributed  to  the  periphery  of  the  lobule,  and  the  zone 
immediately  adjacent  is  known  as  the  portal  vein  zone;  in  the  center 
of  the  lobule  is  the  hepatic  vein,  draining  the  blood  from  the  lobule, 
and  the  tissue-  immediately  surrounding  this  is  known  as  the  hepatic 
vein  zone;  between  the  two  areas  just  indicated  lies  a zone  called  the  in- 
termediate or  hepatic  artery ' zone.  Histologically  and  physiologically, 
these  zones  are  not  differentiated,  but  disease  processes,  as  will  be  seen 
later,  outline  them  in  a more  or  less  well-marked  manner. 

. The  lobule  is  surrounded  by  connective  tissue,  which  is  continuous 
with  that  of  the  median  fissure  and  the  capsule,  and  is  known  as  the 


1 For  information  or  literature  concerning  diseases  of  the  liver  consult  Rolleston 
?waSGS  ?fJh,e  L™,  Gail- Bladder,  and  Bile-Ducts,  1905.  Diseases  of  the  Live?’ 
System  of  Medicine,  Allbutt  and  Rolleston,  Vol.  ii,  Part  i.  ’ 
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capsule  of  Glisson;  in  this  the  portal  vein,  the  hepatic  artery,  and  the 
bile-ducts  ramify,  and  carry  into  the  lobule  enough  of  the  connective 
tissue  for  support.  In  man  the  lobule  is  not  sharply  differentiated, 
and  a number  of  lobules  often  appear  confluent.  By  confluence  or 
juxtaposition  many  lobules  form  a lobe,  and  these  lobes  constitute  the 
organ.  The  portal  vein,  representing  the  blood  collected  from  the  ali- 
mentary canal  and  spleen,  is  itself  a circulation,  in  the  sense  that  there 
is  a capillary  system  at  each  end.  It  differs  from  the  other  blood  systems, 
pulmonary  and  systemic,  in  that,  between  the  two  capillary  areas — the 
one  in  the  intestine,  stomach,  etc.,  and  the  other  in  the  liver — there  is  no 
propelling  body,  and  the  blood  must  flow,  in  this  subsidiary  circulation, 
by  reason  of  the  cardiac  force  distributed  to  the  capillary  system  in  which 
the  portal  vein  finds  its  origin.  Pathologically,  this  is  of  the  greatest 
importance,  for  when  the  general  circulation  is  feeble,  whenever  there  is  a 
tendency  to  stagnation,  to  venous  stasis,  how  unfortunately  situated  is 
the  portal  system  to  escape  the  inevitable  result ! When  the  blood 
leaves  the  surface,  as  in  the  chill  of  malaria,  and  there  is  a tendency  to 
distention  of  the  veins,  those  of  the  portal  circulation  are  most  prone  to 
suffer.  So  it  is  that  disease  of  the  lung  or  heart,  which  impede  the  onward 
flow  of  blood,  particularly  in  the  veins,  evince  their  mostrmarked  second- 
ary alterations  in  the  hepatic  and  intra-abdominal  digestive  structures. 

Physiologists  have  agreed  that  the  liver  performs  the  following  func- 
tions: 

1.  Hemolytic : Disorganization  of  blood  elements  is  necessary  to  the 
production  of  bile  coloring-matter,  and  it  is  generally  believed  that 
this  hemolysis  is,  at  least  in  part,  a function  of  the  liver,  or  is  begun 
in  some  other  organ,  as  the  spleen,  and  completed  in  the  hepatic  tissues. 

2.  Secretory:  Bile  is  not  only  eliminated  by  the  liver,  but  is  manu- 

factured by  the  hepatic  cells;  the  importance  of  this  has  been  consid- 
ered when  discussing  the  pathology  of  jaundice  (p.  36). 

3.  Urea  production:  The  liver  is  believed  to  be  an  essential  factor 

in  the  production  of  urea. 

4.  Glycogenic : Glycogen  is  manufactured  in  the  liver. 

5.  Detoxifying:  The  interception  and  destruction  of  poisons.  This 

function  has  been  demonstrated  with  regard  to  the  hepatic  action  on 
strychnin,  of  which  the  dose  by  the  stomach  or  injected  into  the  hepatic 
blood-supply  may  be  much  larger  and  less  injurious  than  similar  quanti- 
ties given  by  the  systemic  circulation.  Toxicologists  also  recognize  the 
filtering  influence  of  the  liver,  in  that  poisons  may  be  recognized  in  that 
organ  when  not  discoverable  elsewhere.  Viola1  has  shown  that  in  preg- 
nancy the  detoxifying  capacity  of  the  liver — by  which  I mean  its  poison- 
neutralizing property — is  lowered,  and  it  may  be  that  this  in  part  ac- 
counts for  the  intense  structural  changes  occurring  in  the  organs  in 
the  toxemia  of  pregnancy.  (See  p.  38.)  The  experiments  of  Brunton 
and  Bokenham2  clearly  establish  that  the  toxicity  of  the  poison  pro- 
duced by  the  diphtheria  bacillus  is  lessened  by  passage  through  the 
liver  or  contact  with  the  expressed  juice  of  hepatic  cells.  Lesieur3  has 
shown  that  the  bile  neutralizes  the  virus  of  rabies,  and  that  concen- 
trated solutions  of  the  biliary  salts  accomplish  the  same  purpose. 

1 Lo  Sperimentale,  1902. 

2 Jour.  Path,  and  Bact.,  Nov.,  1904. 

3 C.  R.  Soc.  Biol.,  lxi,  Dec.  27,  1906,  p.  694. 
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Roger  and  Josue1  find  that  intravenous  injections  of  extract  of  the  wall 
of  the  small  intestine  of  rabbits  cause  a marked  and  prolonged  fall  of 
arterial  pressure;  when  diluted  extracts  are  injected  into  the  portal  vein 
this  hypotension  action  is  reduced  or  lost.  The  modem  conception  of 
immunity  (p.  55)  rests  upon  the  hypothesis  that  poisons  are  anchored  to 
the  cells  upon  which  they  act,  and  the  well-known  fact  that  the  liver 
suffers  in  many  intoxications  can  be  adduced  as  pathologic  evidence  in 
support  of  the  view  that  the  organ  possesses  detoxifying  functions. 
Padoa2  has  shown  that  not  only  does  the  liver  alter  toxin,  but  that  the 
organ,  in  accomplishing  this  function,  suffers  in  direct  proportion  to  the 
amount  of  toxin  which  it  anchors  or  transforms.  The  bile,  under  certain 
conditions,  is  feebly  bactericidal — usually  to  a higher  degree  than  the 
blood — but  the  frequency  with  which  hepatic  ducts  and  gall-bladder  are 
infected  shows  conclusively  that  the  bacteriolytic  activity,  like  similar 
functions  in  other  organs  or  body-fluids,  is  restricted. 

6.  Adipopexic  function:  That  the  liver  stores  fat  and  that  it  may  manu- 
facture or  at  least  convert  fat  is  well  known.  We  do  not  know,  however, 
why,  in  certain  conditions,  the  fat  accumulates  in  the  liver  far  in  excess 
of  the  normal,  at  the  same  time  that  other  organs  and  tissues  are  wasting. 

7.  The  studies  of  Brotz,3  Schilling,4  Oppenheimer,5  and  Nathan6 
have  shown  that  through  the  activity  of  specialized  endothelial  cells 
(Kupffer  cells)  the  liver  possesses  a highly  developed  phagocytic  power. 
They  are  intensely  phagocytic  to  many  bacteria  including  the  colon 
bacillus,  pyococci,  and  tubercle  bacillus,  and  Nathan  is  of  the  opinion 
that  they  possess  detoxifying  qualities. 

The  liver  possesses  considerable  regenerative  capacity7  and  in  many 
morbid  processes  where  destruction  of  the  fiver  occurs,  indications  of 
regeneration  are  often  present. 

The  normal  weight  of  the  fiver  varies  from  1200  to  1800  gm.  Its 
relative  weight  compared  with  that  of  the  body  is  slightly  less  in  the 
female  than  in  the  male.  According  to  Verraeck,  the  specific-  gravity 
is  about  1.039;  in  tuberculosis  it  may  be  reduced  to  1.020;  it  is  raised 
in  cirrhosis.  Postmortem  the  under  surface  of  the  fiver  is  usually  dark- 
ened (pseudomelanosis)  from  contact  with  the  intestine  and  stomach. 
Gas-production  in  the  fiver  (foam  liver  or  emphysematous  liver)  is  occa- 
sionally seen  at  autopsy.  The  cavities  are  usually  small,  the  cut  sur- 
face resembling  a sponge.  The  condition  is  usually  due  to  the  Bacillus 
aerogenes  capsulatus  (p.  106)  and  occasionally  other  gas-producing 
organisms. 

Malpositions  of  the  liver  may  be  congenital  or  acquired;  when  the 
viscera  are  transposed,  the  fiver  passes  to  the  left  side.  The  most  im- 
portant forms  of  malposition  are  acquired  and  are  classed  under  the 
term  hepatoptosis  ;8  mobile  fiver,  floating  and  wandering  liver,  are  names 
also  used.  In  anteversion  the  anterior  border  passes  downward  and 

1 Soc.  de  Biol.,  March  23,  1906. 

2 Riv.  Crit.  di  Clin.  Med.,  Sept,  and  Oct.,  1904. 

3 Frankfurt,  Zeit.  f.  Path.,  1909,  iii,  931. 

4 Virch.  Arch.,  1909,  cxcvi,  1. 

5 Virch.  Arch.,  1909,  cxcvi,  254. 

6 La  Cellule  de  Kupffer,  Paris,  1908. 

7 Milne,  Jour.  Path,  and  Bact.,  Jan.,  1909. 

* Judet,  Revue  de  Gyn.,  Paris,  1901,  vol.  vi.  .Steele,  Univ.  of  Penna.  Med.  Bull 
Jan.,  1903,  p.  424.  Meyer,  Berl.  klin.  Woch.,  1904,  No.  16.  Binnie,  Amer.  Tour’ 
Med.  Sci.,  April,  1906. 
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forward,  and  the  position  of  the  posterior  remains  unchanged  or  rises. 
The  oblique  displacement  consists  in  prolapse  of  the  left  lobe,  the  right 
remaining  in  place  or  descending  slightly.  In  total  displacement  the 
whole  organ  is  affected.  Anteversions  are  relatively  frequent,  oblique 
displacements  less  common,  and  total  prolapse  rare.  Prolapse  is  thought 
by  some  to -favor  the  development  of  gall-stones;  of  the  ninety  cases  of 
hepatoptosis  collected  by  Judet,  cholelithiasis  was  present  in  fifteen. 
Steele  has  shown  that  in  prolapsed  liver  the  pressure  necessary  to  force 
fluid  through  the  biliary  passages  rises.  The  liver  is  also  displaced  by  pres- 
sure changes  on  either  side  of  the  diaphragm;  ascites  or  large  abdominal 
tumors  force  the  organ  upward.  Pleural  effusion,  hydrothorax,  and 
tumors  affecting  the  right  pleura  or  lung,  displace  the  organ  downward. 
Abnormally  large  livers  are  supposed  to  drag  upon  the  diaphragm  and 
sometimes  descend  without  altering  their  relations  to  that  structure. 

Malformations  of  the  Liver. — -Rarely  the  liver  is  absent;  sometimes 
it  is  miniature,  and  occasionally  the  left  lobe  is  the  largest.  Accessory 
lobes,  or  even  small  accessory  livers,  occur,  and  changes  in  the  position 
and  depth  of  the  tissues  are  not  exceedingly  rare.  Abnormal  lobes 
attached  by  a pedicle  are  sometimes  found  in  hernial  sacs  at  the  um- 
bilicus; they  have  been  mistaken1  for  tumors  and  excised.  Tongue- 
like lobes  are  usually  acquired  and  the  result  of  constriction.  The 
liver  is  sometimes  divided  into  a large  number  of  irregular  lobes;  Moser 
reported  a case  in  which  there  were  sixteen;  some  such  organs  are  true 
malformations,  but  others  are  due  to  congenital  syphilis.  The  gall- 
bladder may  be  absent  or  buried  in  the  liver  tissue,  and  is  occasionally 
directed  backward  instead  of  anteriorly.  The  biliary  passages2  are 
occasionally  impervious  and  sometimes  absent. 

Hyperemia  of  the  liver  is  physiologic  during  digestion,  and  by  some 
is  believed  to  be  a constant  condition  in  diabetes. 

Chronic  congestion  of  the  liver3  results  from  any  condition  that  retards 
the  venous  circulation  and  slows  the  blood  in  the  inferior  vena  cava; 
the  most  frequent  causes  of  this  condition  are  valvular  heart  disease 
(p.  521),  especially  mitral  disease,  and  pulmonary  obstruction,  as  in 
emphysema,  chronic  bronchitis,  etc.  The  retarded  circulation  raises 
the  pressure  in  the  thin-walled  hepatic  veins,  which,  being  most  distensible 
within  the  lobule,  gradually  dilate,  and  by  pressure,  and  associated  mal- 
nutrition, lead  to  atrophy  of  the  juxtaposed  liver-cells;  the  zone  adjacent 
to  the  hepatic  vein  is  first  affected,  and,  histologically,  may  be  composed 
of  dilated  branches  of  the  hepatic  vein,  with  complete  destruction  of  those 
hepatic  cells  lying  immediately  around  the  central  vessel.  Mallory4  con- 
cludes that  the  disappearance  of  the  hepatic  cells  surrounding  the  sinusoids 
is  not  attributable  to  pressure  but  results  from  a hemorrhagic  type  of 
necrosis.  The  retarded  circulation  favors  the  infiltration  of  fat,  and  the 
margin  of  the  lobule  may  contain  such  an  excess  of  this  substance  that  it 
appears  distinctly  yellow  to  the  naked  eye. 

1 Salvia,  Revue  de  Chir.,  Oct.,  1902.  Tuffier,  Soc.  de  Chir.,  July  22,  1903;  La 
Presse  Med.,  July  25,  1903,  p.  540. 

2 Ferguson,  Amer.  Med.,  Dec.  21,  1901.  Wollstein,  Arch,  of  Pediatrics,  March, 
1902.  Kirmisson  and  Herbert,  La  Presse  Med.,  April  1,  1903,  p.  276.  Fuss  and 
Boye,  Virch.  Arch.,  1906,  xlvii.  Lavenson,  Proc.  Path.  Soc.  of  Phila.,  1907, n.s. 
vol.  x. 

3 Hart,  Zieg.  Beitr.,  1904,  Bd.  xxv,  p.  303.  Geraudel,  La  Presse  Med.,  Dec.  3, 
1904,  p.  769.  Meyer,  Virch.  Arch.,  Bd.  cxciv,  1908,  p.  212. 

* Frothingham,  Arch.  Intern.  Med.,  Jan.,  1910,  p.  1. 
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Microscopically,  the  organ  is  much  larger  than  normal,  and  may  attain 
considerable  size;  that  this  is  largely  a vascular  distention  is  shown  by 
the  fact  that  when  the  veins  pulsate,  the  liver  may  also  manifest  this 
phenomenon.  The  organ  is  red,  hence  the  name,  red  atrophy,  and,  on 
section,  oozes  considerable  blood;  the  lobules  can  usually  be  made  out, 
and  the  dark-red  center  of  each  lobule,  with  its  lighter  periphery,  resembles 
a transverse  section  of  a nutmeg,  and  hence  the  name,  nutmeg  liver.  In 
some  cases  there  is  considerable  increase  in  the  connective  tissue.  Pig- 
mentation is  almost  constantly  present;  the  granules  are  red  or  brownish, 
and  occupy  the  liver  cells  and  the  endothelium  of  the  capillaries  and 
lymphatics.  While  the  organ  during  life  may  be  much  larger  than  normal, 


A. 


Fig.  368. — Liver,  Advanced  Red  Atrophy. 

Central  vein  the  wall  of  which  contains  red  cells,  and  at  B pigmented  endothelial  cells.  C,  C.  Columns 
ot  liver  cells.  D.  Dilated  intralobular  capillaries  distended  by  erythrocytes.  E.  In  this  area  the 
columns  of  hepatic  cells  have  largely  disappeared  and  the  capillary  walls  have  wasted  or  been  absorbed 


when  removed  and  drained  of  blood  it  shrinks  and  presents  a wrinkled 
capsule,  and  is  much  lighter  than  its  antemortem  size  would  indicate. 

Occlusion  of  the  hepatic  artery1  or  its  branches  produces  necrosis  in 
the  liver  tissue,  although  the  process  is  not  that  of  a typical  infarction; 
this  is  due  to  the  nutrition  supplied  by  the  branches  of  the  portal  vein! 
In  Tischner’s  experiments  sometimes  one-third  to  one-half  of  the  organ 
was  necrotic.  According  to  Grunert,2  there  are  thirty-five  recorded  cases 
of  aneurysm  of  the  hepatic  artery.  Aneurysms  sometimes  cause  jaundice 
by  obstructing  the  bile-duct,  may  erode  the  liver,  stomach,  or  duodenum, 
and  into  the  last  two  cavities  they  occasionally  rupture. 

Thrombosis  of  the  portal  vein3  is  sometimes  observed  in  chronic  ob- 


1 Tischner,  Virchow’s  Arch.,  1904,  Bd.  clxxv,  p.  90. 

2 Deut.  Zeit.  f.  Chir.,  Dec.,  1903. 

3 Steinhaus,  Deut.  Arch.  f.  klin.  Med.,  1904.  Hess,  Amer.  Jour  Med  Sci  Dec 
i9°5-  Lissauer,  Virch.  Arch.,  Bd.  cxcii,  1908,  p.  278.  Lewis  and  Rosenow’’ Arch’ 
Intern.  Med.,  April,  1909.  Pick,  Virch.  Arch.,  Bd.  cxcvii,  H.  3,  1909  p 490’ 
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struction,  but  is  usually  due  to  a thrombophlebitis  which  may  occlude 
one  or  more  branches  or  the  main  trunk  of  the  vessel.  Thrombosis 
occasionally  results  from  extension  of  neoplasms  from  the  stomach, 
intestines,  or  pancreas,  or  from  the  biliary  passages.  Infective  and 
suppurative  processes  involving  the  spleen,  intestine,  mesentery,  retro- 
peritoneal tissues,  or  bile-ducts,  and  especially  those  occurring  in  the  appen- 
dicular region,  may  be  attended  by  thrombosis  of  the  portal  vein.  The 
condition  is  occasionally  observed  in  typhoid;  the  thrombus  may  organize, 
or  as  a result  of  infection  undergo  necrosis;  either  process  may  be  attended 
by  the  formation  of  emboli  which  necessarily  enter  the  liver.  Where 
the  thrombus  gives  rise  to  obstruction,  there  is  not  infrequently  an 
intense  ascites.  In  the  case  reported  by  Schulz  and  Midler  tapping  was 
necessary  every  ten  to  fourteen  days.  Pick  records  occlusion  of  the 
portal  vein  by  hemangiomatous  growths  apparently  arising  in  the  wall. 
Obliteration  of  the  portal  trunk  results  in  dilatation  of  the  veins  in  the 
gastrohepatic  ligament — Pick’s  hepatopetal  collateral  circulation.  Throm- 
bosis of  the  mesenteric  veins  gives  rise  to  changes  indistinguishable 
from  tho^e  occurring  in  thrombosis  and  embolism  of  the  mesenteric 
arteries.  The  blood-supply  to  the  liver  afforded  by  the  hepatic  artery 
may  prevent  any  important  structural  changes  in  the  hepatic  tissue. 
In  some  cases  fibrous  hyperplasia  and  occlusion  of  the  intrahepatic  portal 
branches  occur. 

Typical  infarction  of  the  liver,1  identical  with  that  observed  in  other 
organs,  is  exceedingly  rare.  Hepatic  infarcts  may  be  produced,  although 
not  invariably,  by  thrombosis,  embolism,  or  occlusion  affecting  the  portal 
vein,  hepatic  artery,  or  hepatic  vein.  An  essentially  similar  condition 
results  from  laceration  of  the  hepatic  tissue  with  or  without  rupture  of  the 
capsule.  Hepatic  infarction  appears  to  be  more  frequent  after  occlusion 
of  the  artery  than  of  the  vein,  and  in  this  form  the  necrosis  is  anemic 
rather  than  hemorrhagic.  The  studies  of  Zahn  and  Chiari  indicate  that  a 
form  of  hemorrhagic  infarction  called  atrophic  is  most  commonly  produced 
by  portal  embolism,  although  Steinhaus  has  shown  that  it  may  result 
from  occlusion  of  the  hepatic  artery.  The  areas  of  necrosis  are  usually 
irregular,  marginated  by  a zone  of  reactionary  inflammation  and  attempts 
at  repair;  smaller  multiple  infarcts  give  rise  to  miliary  necroses  which 
later  are  infiltrated  by  leukocytes,  and  if  not  infected,  form  nodules  of 
fibrous  tissue.  Some  efforts  at  hepatic  regeneration  can  occasionally 
be  recognized.  The  suppurative  lesions  following  infarction  are  discussed 
with  hepatic  abscess  It  is  evident  that  embolic  phenomena  frequently 
involve  the  liver  without  producing  necrosis.  I have  on  more  than  one 
occasion  observed  neoplastic  emboli  in  the  hepatic  tissue  when  even 
microscopic  necrosis  was  absent. 

Hypertrophy  of  the  liver  is  infrequent  except  as  a compensatory  process. 
When  one  lobe  or  one  part  of  a lobe  is  destroyed  by  trauma  or  disease, 
increase  in  the  amount  of  the  residual  hepatic  structure  is  usually  observed; 
thus,  in  atrophy  of  one  lobe  or  a part  of  a lobe  as  a result  of  pressure,  or  in 
destruction  of  one  lobe  by  abscess  or  cyst,  if  the  patient  fully  recovers, 
hypertrophy  of  the  remaining  liver  tissue  may  occur  Regenerative 
effort  can  often  be  recognized  in  the  hepatic  tissue;  it  is  characterized 

1 Longcope,  Univ.  of  Penna.  Med.  Bull.,  Aug.,  1901.  Baldwin,  Jour.  Med. 
Research,  1902,  vol.  viii.  Tischner,  Virchow’s  Arch.,  1904,  Bd.  clxxv,  p.  90. 
Steinhaus,  Deut.  Arch.  f.  klin.  Med.,  1904,  Nos.  3 and  4,  p.  364.  Ruczinski,  Zeit.  f. 
Heilk.,  xxvi,  H.  4,  1905.  Sotti,  Arch,  per  le  Sci.  Med.,  vol.  30,  No.  10. 
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by  proliferation  of  the  hepatic  cells  in  which  karyokinetic  figures  can 
frequently  be  recognized.  The  new  cells  are  rarely  assembled  in  the 
histologic  order  of  the  normal  liver.  Bauer1  has  described  an  hypertrophy 
of  the  liver  occurring  in  large  eaters. 

Atrophy  of  the  liver  arises  from  several  causes: 

Simple  atrophy  of  the  liver,  due  to  starvation  or  inanition:  e.g.,  in  the 
writer’s  collection  is  a liver  weighing  about  560  gm.,  taken  from  a patient 
who  died  slowly  from  starvation,  as  the  result  of  cancer  of  the  esophagus. 
In  such  cases,  associated  with  general  atrophy,  the  liver  may  be  reduced 
to  one-third  of  its  normal  dimensions  and  weight.  The  process  is  probably 
both  simple  and  numeric,  and  begins  at  the  periphery,  where  evidences 
are  most  marked;  every  part  of  the  organ,  however,  is  implicated. 

Morbid  Anatomy. — Such  a liver  possesses  a sharp  margin,  and  is 
darker  in  color  than  the  normal  organ;  the  relation  of  lobes,  one  to  another, 
is  normal;  after  removal  from  the  body  and  when  drained  of  its  blood, 
the  capsule  is  wrinkled,  because  the  remaining  liver-cells  no  longer  fill 
it;  the  gall-bladder  frequently  projects  from  3 to  7 cm.  beyond  the  hepatic 
margin.  The  blood-supply  to  the  organ  is  poor  in  nutrition,  the  ab- 
sence of  food  from  the  alimentary  canal  excludes  the  normal  stimulus 
to  secretion,  and,  as  a result  of  the  combined  conditions,  very  little  bile 
is  produced.  Histologically,  reduction  in  the  size  of  the  lobules  is  ex- 
tremely marked;  the  liver  cells  are  small,  atrophied,  usually  stain  indif- 
ferently, and  are  frequently  pigmented;  there  seems  to  be  as  much  fibrous 
tissue  as  liver  structure,  but  this  is  probably  due,  not  to  an  increase  of 
fibrous  elements,  but  to  diminution  in  the  size  an  number  of  hepatic  cells. 

Pressure  atrophy  of  the  liver  covers  a multitude  of  lesions.  Women 
who  lace  tightly,  by  pressing  in  the  margin  of  the  ribs,  produce  a deep 
groove  or  impression  in  the  larger  lobe  of  the  liver,  and  may  almost 
completely  divide  it;  the  same  result  is  accomplished  in  men  who  wear 
tight  belts,  as  is  so  frequently  done  by  certain  classes  of  laborers.  The 
liver  is  very  susceptible  to  pressure,  and  is,  therefore,  influenced  by 
neoplasms  in  adjacent  organs,  and  by  tumors  and  collections  of  gall- 
stones or  accumulated  secretion  or  inflammatory  matter  in  the  gall- 
bladder. 

Red  atrophy,  which  has  already  been  discussed.  (See  Congestion  of 
the  Liver,  p.  760.) 

A certain  amount  of  atrophy  accompanies  amyloid  infiltration,  in 
that  the  new  deposit  in  the  liver  interferes  to  a variable  extent  with 
the  function  of  the  adjacent  cells.  The  older  view  that  the  evident 
wasting  of  hepatic  cells  in  cirrhosis  was  due  to  pressure  is  no  longer 
insisted  upon;  the  prevailing  belief  is  that  cellular  necrosis  and  fibrous 
hyperplasia  are  due  to  the  same  cause,  and  that  contraction  is  not  an 
important  element  in  the  production  of  atrophy.  Obstruction  to  the 
bile-ducts  is  followed  by  necrosis  of  the  liver  cells,  pigmentation  of  the 
organ,  and  atrophy  of  the  parenchyma;  the  liver  not  infrequently 
appears  large,  but  the  increased  size  is  due  to  connective-tissue  hyper- 
plasia, swelling,  and  changes  in  the  bile-ducts.  (See  Cirrhosis.)  Ob- 
structed bile-ducts  give  rise  to  pigmentation  and  atrophy  of  some  of 
the  cells.  In  all  forms  of  atrophy  of  the  liver  more  or  less  pigmenta- 
tion of  the  organ  is  commonly  present;  besides  the  pigmentation  in- 
cident to  atrophy,  the  lesion  itself  interferes  with  the  production,  and 
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may  also  obstruct  the  escape  of  the  bile  ( acute  yellow  atrophy).  (See 
p.  767,  also  Jaundice,  p.  36.) 

Infiltrations  to  which  the  liver  is  liable  are:  (1)  Fatty  infiltration, 
(2)  amyloid  infiltration,  and  (3)  pigmentary  infiltration. 

Fatty  infiltration  of  the  liver  arises  as  the  result  of  an  abundance 
of  fat,  sugar,  or  alcohol  supplied  to  the  organ;  in  all  of  which  cases  the 
liver  acts  merely  as  a storehouse  for  the  temporary  deposit  of  the  nutrient 
element  not  needed  by  the  system  at  large;  a certain  amount  of  fat  is 
normal,  and  is  essential  to  the  elaboration  of  perfect  bile.  Those  causes 
just  cited  represent  nothing  more  than  an  excess  of  the  normal  fat. 

Fatty  infiltration  of  the  liver  is  also  observed  in  those  diseases  in 
which  oxidation  is  in  abeyance.  As  an  example  of  this  form  may 


Fig.  369. — Liver,  Cirrhosis  and  Marked  Fatty  Infiltration. 

Death  was  the  result  of  croupous  pneumonia,  and,  therefore,  an  added  granular  degeneration  (cloudy 
swelling)  of  the  few  previously  unaltered  liver  cells  is  also  present.  A,  A.  Groups  of  granular  liver 
cells.  B.  Liver  cell,  the  protoplasm  of  which  is  almost  completely  replaced  by  fat.  C.  Imperfectly 
outlined  bile-duct.  D.  Branch  of  portal  vein  surrounded  by  the  newly  formed  fibrous  tissue. 

be  mentioned  the  fatty  infiltration  found  in  consumption,  cachexia, 
anemia,  and  allied  conditions.  The  slowed  circulation  in  chronic  con- 
gestion is  probably  the  cause  of  the  fatty  infiltration  accompanying  the 
condition.  In  certain  forms  of  cirrhosis,  particularly  that  due  to  alcohol, 
considerable  fat  is  usually  present  in  the  liver  lobule,  and  the  color  of  the 
organ  is  largely  due  to  the  presence  of  this  body.  The  lesion  produced  by 
phosphorus-poisoning  is  held  by  some  to  be  a fatty  infiltration,  and  by  others 
a fatty  degeneration;  it  is  possibly  a combination  of  the  two  processes. 

Morbid  Anatomy. — The  liver  of  fatty  infiltration  is  sometimes  enor- 
mously increased  in  size,  and  is  usually  the  largest  liver  seen  in  the  post- 
mortem room;  it  is  firm,  the  margin  rounded,  its  capsule  smooth,  pale  in 
color,  bloodless,  even  on  section,  and  when  incised  with  a moist,  clean 
knife,  distinctly  greases  the  blade.  While  the  organ  may  weigh  from 
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3 to  4 kg.,  its  specific  gravity  is  low,  owing  to  the  amount  of  fat  which  it 
contains,  the  added  fat  being  lighter  than  water,  the  organ  may  possess  a 
specific  gravity  of  1000.  The  gall-bladder  does  not  extend  to  the  margin 
of  the  organ;  the  bile  is  usually  lighter  in  color  than  the  normal,  but 
clinically  there  is  no  evidence,  in  ordinary  fatty  livers,  that  the  bile  is  de- 
ficient in  quantity  or  functional  activity. 

Morbid  Histology. — In  the  earlier  stages  of  fatty  infiltration  the  fat 
is  usually  most  abundant  in  the  periphery  of  the  liver  lobule,  occupying 
largely  the  portal  vein  zone;  in  extremely  advanced  cases  the  infiltrated 
area  may  approach  the  center  of  the  lobule,  but  not  until  the  margin  is  ex- 
tensively invaded.  As  a rule,  the  fat  exists  as  a single  large  globule 
m the  liver  cell,  crowding  the  nucleus  to  one  side;  the  nucleus  frequently 


a. 


appears  normal  in  structure  and  in  stain  reaction.  McCrae  and  Klotz1 
recognize  four  types  of  fat  deposits  in  the  liver  cell,  (1)  globules  alone  are 
present  (2)  granules  alone,  (3)  globules  and  granules  in  the  same  lobule 
but  m different  cells,  (4)  granules  and  globules  in  the  same  cell  The 
granular  fat  is  more  frequently  observed  than  the  globular,  and  is  mostlv 
m the  central  zone,  the  globular  fat  is  peripheral.  They  further  state 
that  fat  is  oftenest  in  the  central  zone  and  least  often  in  the  middle' or 
intermediate  zone.  Liver  cells  adjoining  those  containing  large  quan- 
tities of  oil  are,  as  a rule,  unmvolved;  granular  or  cloudy  change  in  the 
unaffected  cells  is  rarely  present,  a fact  of  considerable3 value  in  differ- 
entiating the  liver  cell  of  fatty  infiltration  from  the  same  structure  in  fatty 
degeneration.  (See  Fatty  Infiltration,  p.  215.) 

Lardaceous  disease  of  the  liver  is  manifested  by  an  infiltration  into 
the  organ  of  a peculiar  body,  called  lardacein.  (See  p.  219.)  The  in- 

1 Jour.  Exper.  Med.,  vol.  xii,  No.  6,  1910. 
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filtrated  substance  is  initially  deposited  in  the  intermediate  or  hepatic 
artery  zone  of  the  liver  lobule;  the  causes  are  those  of  amyloid  infiltration 
in  general. 

Morbid  Anatomy. — The  typic  amyloid  liver  is  very  much  increased 
in  size,  its  margin  rounded,  and  the  capsule  smooth  and  free  from  thicken- 
ing; the  tissue  is  firmer  and  more  elastic  than  normal,  contains  little  fat, 
and  is  pale  and  bloodless;  the  cut  surface  responds  to  the  chemic  and 
stain  reactions  commonly  given  by  amyloid  material.  (See  p.  222.) 
Amyloid  infiltration  not  infrequently  involves  livers  in  which  other  proc- 
esses militate  against  great  enlargement,  or  the  lardaceous  deposit  is 
sometimes  scanty  and  not  widely  distributed;  in  either  case  the  organ  is 
not  conspicuously  enlarged,  or  often  is  normal  in  size;  cirrhotic  and 
atrophic  livers  containing  traces  of  lardacein  may  be  small. 

Properly  prepared  sections  show  the  lardaceous  material  more  or 
less  irregularly  distributed  in  the  intermediate  or  hepatic  artery  zone 
of  the  liver  lobule.  The  branches  of  the  hepatic  artery  manifest  the  usual 
lardaceous  deposit  in  their  walls. 

Pigmentary  infiltration  of  the  liver  occurs  in  connection  with  chronic 
malaria,  and  is  associated  with  other  lesions  that  give  the  organ  the 
name  of  malarial  liver.  The  cause  of  the  process  evidently  lies  in  two 
conditions:  (1)  The  repeated  engorgement  occurring  as  a result  of  the 
malarial  paroxysm,  the  liver  being  enormously  distended  with  blood 
at  each  chill;  and  (2)  the  hemolytic  changes,  induced  by  the  malaria 
parasite,  liberates  the  coloring-matter  (hemoglobin),  which,  after  im- 
portant alterations,  is  finally  deposited  in  the  hepatic  tissues.  The 
pigment  liberated  by  rupture  of  the  red  blood-cell  containing  a sporulat- 
ing  hematozoon  is  taken  up  by  phagocytic  white  cells  (melaniferous 
leukocytes,  see  pp.  176  and  408),  which  deposit  it  in  the  organs.  The 
granules  are  often  found  in  the  endothelial  cells  of  the  lymph-  and 
blood-vessels,  free  in  the  interstitial  spaces,  and  also  within  the  liver 
cells.  Craig1  observed  melaniferous  leukocytes  in  the  capillaries  of  the 
liver  and  also  white  blood-cells  containing  bodies  resembling  degenerated 
parasites  of  malaria.  As  hemolysis  is  excessive  and  conversion  of  blood- 
pigment  into  bile  imperfectly  performed  in  malaria,  the  pigmentation 
may  be,  in  part  at  least,  the  result  of  functional  inactivity  of  the  hepatic 
cell.  When  the  condition  has  persisted  for  any  length  of  time,  increase 
in  the  connective  tissue  of  the  organ  is  sometimes  observed.  Another 
form  of  hepatic  pigmentation  in  which  the  coloring-matter  is  derived 
from  the  blood  is  seen  in  hemochromatosis  (p.  226). 

In  pigmentary  infiltrations  of  the  mucous  membranes,  and  especially 
of  the  lungs,  such  as  anthracosis,  the  pigment,  entering  the  blood  from 
lymph-nodes  which  have  ruptured  into  a vein,  reaches  the  liver  and 
is  deposited  in  the  connective  tissue  that  surrounds  the  hepatic  vessels, 
giving  rise  to  a certain  amount  of  pigmentation  of  the  organ.  (See 
Pigmentary  Infiltration,  p.  222.) 

Morbid  Anatomy. — During  life,  when  distended  by  blood,  and  when 
the  process  is  not  combined  with  cirrhosis,  the  organ  is  larger  than  nor- 
mal; after  death  it  is  usually  smaller,  but  the  rounded  margin  and  wrinkled 
capsule  indicate  that  the  shrinking  is  a postmortem  process.  Usually, 
the  wrinkled  surface  can  be  rendered  smooth  by  stretching.  The  color, 
due  to  the  deposited  pigment,  is  grayish-brown  or  slaty;  this  grayish, 
lusterless,  lead  color  justifies  the  name  slate-colored  liver,  sometimes  given 

1 Amer.  Med.,  July  25,  1903,  p.  145. 
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to  the  organ.  The  liver  is  more  or  less  flabby  or  flaccid,  resists  incision 
more  than  the  normal  organ,  and,  on  section,  oozes  considerable  blood  and 
pigmented  serum ; the  gall-bladder  is  usually  small  and  often  does  not  extend 
to  the  margin  of  the  liver;  the  contained  bile  is  commonly  tarry  or  thick 
and  ropy.  Under  the  microscope  a blackish  or  brownish  pigment  is  found 
disseminated  throughout  the  organ,  around  the  lobules,  and  in  the 
perivascular  intralobular  structures;  this  is  altered  blood  coloring-matter 
(hematin  or  melanin).  Associated  with  the  pigment  deposit  a consider- 
able increase  in  the  connective  tissue  is  usually  observed;  this  may  be  so 
great  as  to  constitute  an  actual  cirrhosis;  the  newly  formed  connective 
tissue  is  found  not  only  in  the  interstitial  structures  around  the  lobules, 
but  in  the  intralobular  reticulum  as  well. 

The  foregoing  description  applies  particularly  to  the  hepatic  enlarge- 
ment of  chronic  malaria.  If  death  occur  early  in  the  infection,  pig- 
mentation is,  of  course,  less  marked.  The  malaria  parasites  may  be 
present  in  the  organ,  particularly  in  the  estivo-autumnal  fever.  Necrotic 
areas  associated  with,  or  independent  of,  capillary  thrombosis  are  occa- 
sionally observed. 

The  degenerations  most  frequent  in  the  liver  are  parenchymatous 
and  fatty. 


Parenchymatous  degeneration  of  the  liver  is  found  in  connection 
with  high  temperatures,  septic  and  other  infectious  processes,  and  in 
man}  intoxications.  . (See  p.  231.)  The  organ  is  swollen,  usually  pale, 
and  the  cut  surface  is  cloudy  and  opaque,  not  shining  and  translucent, 
like  the  normal,  with  the  granular  change  in  the  epithelium  of  the  lobules 
there  is  not  infrequently  more  or  less  necrosis,  usually  coagulative  in 
character.  The  bile  elaborated  by  such  an  organ  is  deficient  in  quantity 
and  may  be  physiologically  inert.  The  affected  liver-cells  are  granular 
(fyjh  11 4-  P-  232)  and  show  the  initial  changes  observed  in  the  first  stage 
of  fatty  degeneration.  By  some  it  is  believed  that  the  structural  altera- 
tion is  essentially  similar  to  that  of  beginning  catarrhal  inflammation 
of  the  lobule,  analogous  to  the  lesion  observed  on  the  mucous  surfaces  in 
stage  °f  catarrhal  inflammation  when  desquamation  is  impending; 
the  belief  that  degenerative  and  necrotic  changes  constitute  a part  of 
an.  inflammatory  process  has  led  to  the  condition  under  consideration 
being  called  parenchymatous  hepatitis.  The  process  is  of  a type  justifying 
the  com  iction  that  it  is  inflammatory,  and  in  some  respects  more  closely 
resembles  the  necroses;  like  the  latter,  it  may  be  appropriately  regarded 
as  a sequence  of  the  toxic  action  of  poisons  brought  to  the  liver  by  the 
circulating  blood.  " J 

Acute  yellow  atrophy  of  the  liver,1  also  known  as  malignant  jaundice, 
icterus  gravis,  essential  hemorrhagic  icterus,  and  acute  fatty  degenera- 
tion of  the  liver,  are  names  applied  to  an  obscure  affection  about  the 
etiology  of  which  we  are  in  doubt.  The  exact  character  of  the  changes 
observed  also  remains  undetermined;  Taylor’s  studies  indicate  that, 
at  least  in  some  cases,  the  fat-content  of  the  organ  is  not  increased,  and 
that,  therefore,  it  is  not  a fatty  degeneration.  Many  who  investigated 

j MfcCallu,m,  Johns  Hopkins  Hospital  Reports,  1902,  vol.  x.  Taylor  Tour 
Med.  Research,  1902,  vol.  viii,  p.  424.  Cohn,  Zentralbl.  f.  Gynak.  Oct  8 100a' 

fN°ir  4'  Pa°h  and  Pietro’  Arch-  f-  °yn  - I9°4.  Bd.  lxxiii,  p.  357.  Gulcke’  V?ch’ 
f.  klm.  Chir.,  1907,  lxxxm,  2.  Wells,  Arch.  Intern.  Med.,  July  1008  and  Tour’ 
Exper.  Med.,  vol.  xii,  No.  5,  1910.  Howland  and  Richards,  Jour.  Exper  Med  ’ 
vol.  x!  No  2,  1909.  Opie,  Jour.  Exper.  Med.,  No.  3,  vol.  xii,  1910.  Ceelen  Vireh 
Aren.,  bept.  1,  1910,  p.  361. 
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the  condition  believe  that  it  is  primarily  a necrosis,  and  with  this  view 
I am  inclined  to  agree.  The  name  acute  yellow  atrophy  is  noncom- 
mittal, describes  the  common  anatomic  manifestations,  and  does-  not 
indicate  the  process  by  which  the  change  occurs. 

The  cause  of  this  condition  is  not  known,  but  the  feeble  tendency 
to  epidemicity,  and  the  fact  that  the  etiologic  agent  attacks  individuals 
in  groups — among  pregnant  women  many  cases  may  occur  in  a single 
locality— taken  with  the  character  of  the  symptoms  and  lesions,  indi-  , 
cate  a possible  infectious  agent.  A similar  condition  has  been  produced 
in  animals  by  bacterial  toxins,  and  bacteria  are  frequently  observed 
in  the  affected  organs.  I believe  all  investigators  agree  that  the  dis- 
ease is  of  toxic  origin,  although  unanimity  as  to  the  character  and  source 
of  the  toxic  body  is  wanting.  It  has  been  observed  after  chloroform 
anesthesia,  particularly  in  children,  but  Guthrie  believed  that  some 
antecedent  condition  determines  its  occurrence  and  that  it  is  not  directly 
the  result  of  the  anesthetic;  degenerative  and  necrotic  lesions  may  be 
produced  by  subcutaneous  use  of  chloroform,  this  and  other  experimental 
evidence  shows  that  the  liver  is  especially  susceptible  to  the  agent.  The 
disease  is  most  common  in  women,  especially  during  the  puerperium, 
and  usually  occurs  between  the  ages  of  twenty  and  thirty.  As  before 
stated,  the  changes  induced  by  phosphorus  and  arsenic  are  analogous, 
but  not  always  identical.  Some  observers  are  inclined  to  regard  the  proc- 
ess as  inflammatory;  others,  as  a purely  degenerative  change  secondary 
to  necrosis  of  hepatic  tissue  produced  by  several  poisons  the  exact  nature 
of  many  remaining  unknown. 

Morbid  Anatomy. — In  typic  cases  the  organ  is  much  reduced  in  size 
and  weight,  it  is  flabby,  and,  when  the  change  is  advanced,  can  be  folded 
over  upon  itself;  as  a whole,  the  consistence  may  be  almost  that  of  a 
bag  of  fluid — semifluctuating;  the  capsule  is  wrinkled.  The  color  is 
not  uniform;  on  the  surface  and  on  section  dirty  yellow  areas,  varying 
in  size  and  irregular  in  form,  are  often  conspicuous;  around  and  between 
these  patches  the  liver  is  red,  cloudy,  and  frequently  distinctly  firmer. 
While  the  organ  occasionally  resists  incision,  the  semifluid  condition 
of  its  contents  is  shown  by  the  fact  that  large  quantities  of  hepatic 
tissue  may  be  extruded  through  a small  opening.  There  may  be  hemor- 
rhage into  the  organ,  although  this  is  more  common  in  other  viscera 
than  in  the  diseased  liver.  The  myocardium  is  frequently  soft,  granular, 
or  fatty,  and  hemorrhages  into  the  muscle  or  beneath  the  pericardium 
or  endocardium  are  usually  present.  Necroses  and  infarction  are  com- 
mon in  the  spleen;  the  renal  epithelium  is  usually  granular  or  fatty, 
and  desquamating,  and  sometimes  a marked  acute  diffuse  nephritis  is 
present. 

Under  the  microscope  the  changes  to  be  observed  are  most  intense 
in  the  yellowish  areas  already  described.  The  liver-cells  are  indistinct 
in  outline  and  often  extremely  fatty;  all  stages  of  fatty  degeneration 
are  recognizable;  cloudy  and  granular  cells  and  cells  containing  minute 
oil-globules  abound,  and  occasionally  areas  occur  in  which  the  cells 
are  no  longer  demonstrable.  The  fat  seen  in  the  liver  cell  is  both  within 
and  around  the  nucleus,  and  sometimes  exists  as  minute  granules  or 
oil-globules,  in  contradistinction  to  the  large  drops  usually  present  in 
fatty  infiltration;  these  differentiating  points,  however,  are  not  trust- 
worthy. The  evidences  of  nuclear  fragmentation  and  cell-necrosis  are 
not  present  in  simple  uncomplicated  fatty  infiltration.  All  zones  of  the 


LIVER. 


769 


liver  lobule  are  invaded  in  rapid  succession,  the  order  in  which  the  different 
zones  are  affected  is  not  always  the  same.  In  some  cases  the  connective 
tissue  between  the  lobules  is  normal  or  nearly  so;  leukocytic  infiltration 
and  connective  tissue  hyperplasia  are  present/ 

Coagulation  necrosis,1  as  seen  in  the  liver,  occurs  in  typhoid  fever, 
pneumonia,  diphtheria,  and  allied  infectious  processes  and  in  many 
intoxications.  It  can  be  produced  by  bacterial  toxins,  especially  those  of 
the  diphtheria  bacillus,  and  by  abrin  and  ricin.  Boxmeyer2  has  studied 
the  hepatic  necroses  produced  by  hog-cholera  bacilli,  and  concludes  that  the 
lesions  are  of  two  kinds:  one  is  a result  of  capillary  plugging  by  large  mono- 
nuclear cells  and  the  direct  action  of  the  toxin;  the  other  results  from 
hyaline  thrombi  in  the  smaller  veins.  Pearce3  suggests  that  thrombi 
may  result  from  agglutinins  within  the  blood — the  agglutinin  thrombi 
originally  described  by  Flexner.  Opie,4  in  studying  necrosis  within  the 
liver  lobule,  found  that  they  might  be  central,  peripheral,  or  in  the  mid- 
zone. The  periphery  of  the  lobule  was  the  least  frequently  affected. 
The  hepatic  necroses  accompanying  eclampsia  are  regarded  by  many  ob- 
servers as  the  most  constant  lesions  of  the  disease.  In  this  affection  they 
ma}  be  widespread  and  attended  by  interstitial  hemorrhage — the  hepat- 
itis hemorrhagica  of  Jurgens.  All  the  necroses  in  eclamptic  livers  are 
not  hemorrhagic;  thromboses  of  the  smaller  vessels  are  often  incon- 
spicuous and  areas  of  anemic  necrosis  are  frequently  present.  The 
thrombi  are  mostly  fibrinous  and  rarely  hyaline.  Evidence  of  regenera- 
tion is  sometimes  present.  (See  Eclampsia,  p.  38.)  Prolonged^  blood 
stasis,,  infarction.,  injury,  biliary  obstruction,  and  direct  infection  of  the 
hepatic  tissue  give  rise  to  necrosis.  The  focal  necroses  include  those 
due  to  bacterial  toxins,  and  occur  in  organs  already  the  seat  of  cloudy 
swelling;  the  necrotic  areas  are  minute,  white  or  yellowish-white  in 
color,  cloudy,  and  opaque.  Histologically  the  liver  cells  rapidly  dis- 
appear and  are  replaced  by  a hyaline  matrix  in  which  are  fragments  of 
nuclei  and  homogeneous,  degenerated,  or  necrotic  protoplasm.  Little 
is  known  with  regard  to  the  ultimate  fate  of  these  areas  in  patients  who 
recover.  Reed  has  described  fibroid  nodules  that  could  have  had  such 
an  origin,  and  a number  of  investigators  have  suggested  that  the  con- 
dition might  give  rise  to  cirrhosis. 

Hue.P^r  necroticum  cum  ictero5  (Ortel)  is  a form  of  hepatic  necrosis 
to  which  \\  eber  would  apply  the  term  disseminated  lobular  necrosis  of 
the  liver.  The  tendency  of  the  process  is  to  involve  whole  lobules  in 
which  the  cells  disappear  leaving  the  reticular  connective-tissue  frame- 
work which  later  is  often  the  seat  of  a mononunclear  infiltration.  At  first 
the  center  of  the  necrotic  area  is  intensely  bile-stained  but  this  becomes 
less  marked  after  cellular  infiltration  occurs.  Neighboring  acini  may 
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coalesce;  contiguous  columns  of  liver  cells  are  flattened  as  though  sub- 
jected to  pressure.  The  condition  is  clearly  of  toxemic  origin;  the  bile 
staining  is  probably  due  to  obstruction  of  the  hepatic  ducts;  in  Weber’s 
patient  the  common  duct  was  obstructed  by  carcinoma. 

Hepatitis  (inflammation  of  the  liver),  like  nephritis,  does  not  yield 
itself  to  systematic  classification.  By  some  observers  the  conditions 
called  cloudy  swelling  and  acute  yellow  atrophy  are  classed  with  in- 
flammations of  the  organ  and  constitute  different  phases  of  what  is 
termed  acute  parenchymatous  or  nonsuppurative  hepatitis.  Klein  de- 
scribed an  acute  inflammatory  affection  of  the  liver  analogous  to  acute 
diffuse  nephritis,  and  Remlinger,  Jaboulay,  and  others  speak  of  an  acute 
swelling  of  the  liver  associated  with  splenic  enlargement  which  they  call 
acute  infectious  liver.  Of  these  conditions  our  information  is  too  in- 
definite to  justify  specific  statements  as  to  their  essential  nature,  etiology, 
or  pathology.  Clinically  and  anatomically  we  may  recognize — (i) 
suppurative  inflammations  of  the  liver  and  (2)  chronic  processes  attended 
by  the  production  of  an  excess  of  fibrous  tissue  and  ordinarily  called 
cirrhoses. 

Suppurative  hepatitis  or  hepatic  abscess  may  be  acute  or  chronic 
and  results  from  bacteria  entering — (1)  from  contiguous  structures,  (2) 
by  the  portal  vein,  (3)  by  the  hepatic  artery,  (4)  by  the  biliary  chan- 
nels; (5)  traumatic  abscess,  the  path  of  infection  being  uncertain,  and 
(6)  amebic  abscess,  in  which  the  causative  factor  (amebae)  probably 
enters  the  liver  by  the  portal  vein;  the  distinctive  etiology  and  pathology 
justify  a separate  consideration  of  this  lesion.  The  suppurative  lesions 
due  to  infection  by  the  portal  vein  and  hepatic  artery  may  conveniently 
be  considered  together  as  metastatic  abscesses.  In  many  ways  resembling 
these  are  abscesses  thought  to  have  resulted  from  lymphogenous1  in- 
fection of  the  liver.  Ulcers  and  carcinoma  involving  the  stomach  may 
penetrate  and  infect  the  liver,  producing  a slowly  advancing  suppurative 
lesion  which  forms  the  base  of  the  ulcerative  process.  Abscess  beneath 
the  diaphragm,  empyemata,  and  perinephric  suppurations  occasionally 
extend  into  the  liver.  Fish-bones,  pins,  needles,  and  other  foreign  bodies 
may  penetrate  the  liver  from  the  stomach,  duodenum,  or  colon. 

Metastatic  abscess  due  to  infection,  primary  in  the  portal  area,  results 
from  a pylephlebitis2  (p.  762)  in  which  pyogenic  bacteria  are  present. 
Such  abscesses  are  practically  always  secondary  to  primary  suppurative 
processes  involving  the  intestine,  appendix,  rectum,  pelvic  viscera, 
or  spleen.  Rolleston  states  that  such  infection  is  most  frequent  in 
appendicitis,  and  Thompson  found  portal  infection  in  29  of  669  autop- 
sies following  appendicitis.  In  such  cases  the  liver  practically  always 
contains  abscesses,  which  are  not  invariably  of  the  same  size  or  age, 
and,  in  the  latter  instances,  represent  succeeding  embolisms.  The  ab- 
scess cavities  are  most  numerous  in  the  right  lobe;  the  condition  is  usually 
fatal.  W hen  the  infection  is  embolic  by  way  of  the  hepatic  artery, 
the  emboli  are  usually  smaller,  the  distribution  wider,  the  number  of 
abscesses  greater,  and  each  pus  collection  usually  minute,  sometimes 
microscopic.  As  this  form  of  hepatic  suppuration  usually  accompanies 
pyemia,  the  lesions  are  called  pyemic  abscesses.  When  such  a collection 
attains  a recognizable  size,  it  is  usually  from  confluence  of  adjacent 
foci.  The  affected  liver  is  enlarged,  cloudy,  and  hyperemic;  in  typical 

1 Munro,  Annals  of  Surg.,  Nov.,  1905,  p.  692. 

2 Friind,  Inaug.  Diss.  Kiel,  1907. 
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cases  the  abscesses  may  resemble  miliary  tubercles  (miliary  abscess  of 
the  liver),  but  are  soft,  and  the  extruded  pus  is  unlike  the  caseous  material 
occurring  in  tuberculosis.  Rarely  the  abscess  is  large.  The  collections 
ol  pus,  when  the  infection  results  from  thrombophlebitis,  are  usually 
larger,  probably  because  the  emboli  are  grosser,  or  propagation  in  the 

mtrahepatic  branches  of  the  portal  vein  occurs  more  readily  than  in  the 
hepatic  artery. 

Hepatic  abscess  may  be  secondary  to  infection  traveling  by  the  bile- 
ducts,  usually  a suppurative  cholangitis,  which  will  be  found  described 
under  Diseases  of  the  Biliary  Passages.  The  abscesses  are  multiple  and 
are  often  difficult  to  differentiate  from  the  metastatic  form.  Usually  the 
pus  is  more  intensely  bile  stained,  and  when  sections  of  the  hepatic  tissue 
are  examined  microscopically,  it  can  be  observed  that  the  infection,  in 
the  smaller  abscesses,  has  extended  from  the  bile-ducts.  The  difficulty 
m identifying  the  processes  is  further  increased  by  the  fact  that  abscesses 
itrom  other  causes  may  penetrate  the  ducts  and  give  rise  to  a suppurative 
cholangitis,  which  in  turn  may  induce  new  centers  of  suppuration. 

Traumatic  abscess  of  the  liver  results  from  injury,  either  direct  or  bv 
transmitted  force;  blows  on  the  abdominal  wall/  falls,  bumper,  and 
smnlai  accidents  induce  subcapsular  or  deeper  lacerations  in  the  organ, 
?*and  these  afford  opportunities  for  the  colonization  of  bacteria  brought 
to  the  liver  by  the  blood.  Cysts,  quiescent  gummata,  and  tuberculous 
nodules,  or  obsolescent  areas  of  old  infection,  readily  suppurate  when  in- 
jurec  traumatic  abscess  is  usually  solitary,  and  at  most  but  two  or 
three  foci  are  found.  The  pus  is  frequently  loaded  with  bacteria,  com- 
monl}  bile  stained  and.  sharply  demarcated  from  the  contiguous  liver 
tissue,  which,  however,  is  the  seat  of  more  or  less  reactionary  inflamma- 
tion. Hepatic  suppuration  due  to  injury  is  usually  situated  in  the  right 
lo  le  neat  the  superior  surface.  When  the  lesion  is  due  to  penetrating 
wounds  the  position  of  the  injury  determines  the  location  of  the  abscess. 

Amebic  abscess  of  the  liver1  is  practically  always  a complication  of 
>senter>  a few  reported  instances  in  which  the  dysentery  apparently 
followed  the  abscess,  or  was  absent,  must  be  supported  by  further  ob- 
servation before  we  are  justified  in  concluding  that  this  form  of  hepatic 
abscess  arises  independently  of  intestinal  amebiasis.  The  condition  is 
so  much  more  frequent  in  hot  than  in  temperate  climates  that  it  is  some- 
times called  tropic  abscess.  Rogers  and  others  maintain  that  there  is 
m many  cases,  a presuppurative  period  often  prolonged ; the  morbid  anatomy 
of  this  stage  is  not  known.  In  about  seventy  per  cent,  of  the  cases  the 
abscess  is  solitary;  two  are  present  in  ten  per  cent.,  and  more  than  two 
m fifteen  per  cent.  Seventy-five  per  cent,  to  eighty  per  cent,  of  the 
abscesses  are  situated  in  the  right  lobe.  It  has  been  suggested  that  the 
infection  is  transperitoneal— that  is,  through  the  peritoneal  cavity 
but  if  such  were  the  usual  route,  abscesses  m other  organs — for  example’ 
the  spieen— ought  to  be  more  frequent,  and,  besides,  this  does  not  account 
tor  the  deep  location  of  the  abscess,  and,  in  addition,  transportation  of  the 
amebae  by  the  portal  blood  seems  much  more  reasonable  The  abscesses 
vary  in  size  from  small  cavities  2 cm.  or  3 cm.  in  diameter  to  lar^e  col- 
lections around  which  the  right  lobe  forms  a thin  shell  from  a few  mil- 

1 See  references  to  Dysentery,  p.  745,  description  of  amebee,  p.  16s  also  Rolleston 
Diseases  of  the  Liver,  1905,  p.  120.  Bell,  Lancet,  Feb.  10,  1906  , 7,  E sberS’ 

Annals  of  Surgery,  Aug.,  1906,  p.  217.  Sect,  on  Trop.  Dis.  Brit  ’Med  issoc  ' Bn?’ 
Med.  Jour.,  Oct.  24,  1908.  Rogers,  Arch.  Intern.  Med.,  June  1908  ’ 
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limeters,  to  a centimeter  in  thickness.  The  material  contained  within 
the  abscess  is  composed  of  necrotic  fragments  of  hepatic  tissue,  granular 
detritus,  amebae,  and  relatively  few  leukocytes.  In  the  smaller  abscesses 
before  liquefaction  is  complete  the  necrotic  material  is  thick  and  viscid  and 
often  will  not  flow  through  a medium-sized  cannula.  When  fully  formed 
the  contents  of  the  abscess  does  not  resemble  ordinary  pus;  it  is  denser, 
stringy,  and  often  brownish-red,  not  unlike  anchovy  sauce.  The  wall 


Pig.  371. — Multiple  Amebic  Abscess  of  Liver.  (One-half  natural  size.) 

A.  Diaphragm.  B,  B.  Points  of  necrosis  in  liver  tissue.  C.  Necrotic  wall  of  an  abscess  extending  into 
diaphragm.  D.  Disappearing  septum  between  two  juxtaposed  abscesses. 

of  the  abscess  is  composed,  on  the  inner  surface,  of  necrotic  liver  cells 
and  shreddy  projections  of  residual  connective  tissue;  masses  of  fibrin 
can  usually  be  recognized.  The  liver  cells  beyond  the  zone  of  actual 
necrosis  are  greatly  flattened  and  distorted,  and  some  are  necrotic; 
within  this  zone  small  areas  of  hemorrhage  can  sometimes  be  seen. 
The  absence  of  polymorphonuclear  leukocytes,  or,  at  most,  the  small  num- 
bers present,  show  that  the  process  is  not  suppurative  in  the  ordinary 
interpretation  of  the  term.  Bacteria  may  be  present,  and  it  is  quite 
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possible  for  an  amebic  abscess  to  be  secondarily  infected.  While  other 
forms  of.  hepatic  abscess  frequently  give  rise  to  embolic  processes  and 
metastatic  foci  in  other  organs,  the  amebic  abscess  rarely  does  so.  Kar- 

tulis1  reports  a case  of  secondary  brain  abscess  in  which  the  amebae  were 
identified. 

The  course  of  developed  hepatic  abscesses  varies.  Over  fifty  per 
cent,  of  those  that  are  solitary  rupture  through  the  diaphragm,  and  the 
larger  number  of  these  penetrate  the  lung  and  discharge  into  a bronchus. 
About  twenty  per.  cent,  rupture  into  the  peritoneum.  Few  become  en- 
capsulated and  assume  a quiescent  stage.  The  remainder  are  evacuated 
through  the  stomach,  intestines,  kidney,  bile-passages,  or  externally; 
blexner  reported  an  amebic  abscess  that  ruptured  into  the  vena  cava. 


Fig.  372.-LIVER,  Wall  of  an  Amebic  Abscess.  ^(Fixed  in  Bensley's  fluid;  paraflf ; eosin  and  toluidin- 
A,  A.  Abscess  containing  detached  and  fragmented  hepatic  cells  and  cellular  detritus  R R 

considerable  edema  and  necrosis  and  slight  cellular  infiltration  % .AjBife  d^ct"15  6 showlng 


Chronic  interstitial  hepatitis,  or  cirrhosis  of  the  liver,  is  a chronic 
productive  lesion  characterized  by  the  formation  of  fibrous  tissue  which 
in  some  instances,  contracts.  The  varied  pictures  presented  by  the  dis- 
similar manifestations  of  cirrhosis,  and  different  conceptions 'as  to  its 
origin,  permit  of  extremely  complex  classifications,  many  of  which  include 

be  identified  by  clinical  methods  at  present  at  our 
reSb-f  Xt  fS  cleaJ.  that  the  structural  changes  observed  are  the 
eSpr,  °1 SOme  for™  of  irritation,  and  that  in  one  class  of  cases  the  irritant 
enters  the  organ  by  the  portal  system  and  that  in  another  group  the  del- 
eterious action  is  exerted  by  way  of  the  biliary  passages.  There  is  no  ana- 

for^1CnfrRirrh1Cal  gr°Ui?  5f/aSeS  *hat  would  justify  a belief  that  a special 
of  cirrhosis  resulted  from  the  action  of  an  irritant  brought  to  the 

Centralbl.  f.  Bakt.,  Dec.  12,  1904,  p.  527. 


774 


SPECIAL  PATHOLOGY. 


liver  by  the  hepatic  artery;  attempts  to  establish  an  arteriosclerotic 
cirrhosis  of  the  liver  have  not  been  convincing.  There  remain,  however, 
the  two  groups  to  which  I have  referred;  the  first  may  be  called  portal 
cirrhosis  and  the  second  biliary.  The  former  may  be  further  subdivided 
into — (i)  a type  characterized  by  contraction  and  marked  induration, 
called  atrophic  cirrhosis,  and  (2)  a form  in  which  the  organ  remains 
large  and  is  the  seat  of  a concurrent  intense  fatty  infiltration — fatty 
cirrhosis.  The  biliary  cirrhosis  can  be  further  divided  into — (a)  a form 
due  to  obstruction  of  the  larger  bile-ducts — obstructive  biliary  cirrhosis; 
and  (b)  the  hypertrophic  cirrhosis  of  Hanot.1  In  addition  to  the  lesions 
mentioned  there  is  a chronic  hyperplastic  process  affecting  the  hepatic 
capsule,  which  becomes  enormously  thickened,  giving  rise  to  a condition 
called  capsular  cirrhosis. 

Atrophic  cirrhosis2  of  the  liver  is  also  known  as  fibroid  liver,  granular 
liver,  gin-drinkers'  liver,  hob-nail  liver,  contracting  or  contracted  liver, 
chronic  interstitial  cirrhosis,  venous  cirrhosis,  and  Laennec's  cirrhosis. 
According  to  White,  alcohol  is  accredited  with  sixty  per  cent,  of  the 
cases  of  atrophic  cirrhosis;  but  the  experimental  production  of  cirrhosis 
in  animals  by  the  administration  of  alcohol  by  either  the  stomach  or 
portal  vein  has  not  been  conclusive.  It  is  possible  that  the  gastro- 
enteric catarrhal  and  fermentative  conditions  occurring  in  alcoholics 
have  something  to  do  with  the  production  of  cirrhosis.  Syphilis  is  re- 
sponsible for  some  cases;  rickets,  red  atrophy,  malaria,  and  infectious 
diseases  are  also  etiologic  factors  in  the  production  of  the  condition. 
The  increased  fibrous  tissue  observed  in  chronic  congestion,  malaria, 
and  chronic  infections  rarely  attains  the  magnitude  seen  in  typic  atrophic 
cirrhosis.  It  is  probable  that  more  than  one  toxic  condition,  or  at  least 
that  a number  of  poisons,  may  so  irritate  the  liver  as  to  produce  an 
increased  quantity  of  fibrous  tissue.  Following  many  of  the  necroses 
(see  p.  769)  no  doubt  an  excess  of  fibrous  tissue  develops;  Pearce  has 
shown  that  the  injection  of  hemagglutinative  serum  causes  hepatic 
necrosis  followed  by  chronic  interstitial  hepatitis  closely  resembling 
that  seen  in  man.  There  has  been  much  discussion  as  to  whether  the 
fibrous  hyperplasia  is  primary  or  secondary;  recent  investigation  indi- 
cates that  the  initial  change  is  a necrosis  affecting  the  periphery  of  the 
lobules,  and  that  this  is  followed  by  the  fibrous  overgrowth.  (See  Pro- 
ductive Inflammation,  p.  291.)  The  distorted  and  often  irregular 
conformation  of  affected  lobules  is  due  in  part  to  regenerative  changes 
involving  not  only  the  connective  tissue  but  the  hepatic  cells. 

Morbid  Anatomy. — In  atrophic  cirrhosis  of  the  liver  the  organ  is 
usually  diminished  in  size,  not  infrequently  weighing  less  than  one  kilo; 
the  surface  is  uneven,  irregular,  granular,  or  hob-nailed;  the  tissue  is  un- 
usually firm  and  semielastic,  and  offers  considerable  resistance  when 
incised;  it  may  creak  under  the  knife.  In  typic  cases  the  liver  is  pale 

1 Those  interested  in  a more  detailed  classification  of  the  cirrhosis  should  consult 
Rolleston,  Diseases  of  the  Liver,  1905,  p.  174.  Edwards,  International  Clinics,  vol. 
ii,  twelfth  series.  Ascoli,  Deut.  Arch.  f.  klin.  Med.,  Bd.  lxxi,  H.  4 and  5.  Pearce, 
Jour.  Exper.  Med.,  vol.  iii,  No.  1,  Jan.,  1906.  Fiessinger,  Sem.  Med.,  July ‘i,  1908, 
No.  27.  Naunyn,  Verhand.  d.  Deut.  Path.  Gesell.,  Sept.,  1904.  Kelly,  Proceed. 
Path.  Soc.  of  Phila.,  No.  1,  1906.  Gamier,  Progres.  Med.,  March  21,  1908.  Neyer, 
Virch.  Arch.,  Bd.  cxciv,  1908,  p.  212. 

2 W.  Hale  White,  Brit.  Med.  Jour.,  March  7,  1903,  p.  533.  Bleichroder,  Vir- 
chows Arch.,  Bd.  clxxvii,  No.  3.  Joannovics,  Wien.  klin.  Woch.,  July  7,  1904,  p. 
757.  Kretz,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Dec.  31,  1904,  p.  985. 
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yellow,  but  if  jaundice  has  been  present,  it  may  possess  something  of 
an  orange  tinge  or  be  green  or  greenish-yellow.  An  intercurrent  red 
atrophy  is  sometimes  present,  in  which  case  the  usual  pallor  is  obscured 
by  the  abnormal  amount  of  blood  present.  The  capsule  is  frequently 
thickened  and  occasionally  is  adherent  to  the  diaphragm;  adhesions 
when  present  are  abnormally  vascular  and  rarely  firm.  The  gall-blad- 
der is  usually  slightly  diminished  in  size,  the  wall,  particularly  in  the 
serous  coat,  is  frequently  thickened.  The  bile  may  appear  normal, 
but  is  frequently  watery  and  dark;  in  other  cases  it  is  thick  and  ropy. 
The  incised  surface  is  traversed  by  grayish,  often  semitranslucent  lines 
or  coarser  bands  composed  of  the  newly  formed  fibrous  tissue.  In  the 
presence  of  intercurrent  red  atrophy,  the  connective  tissue  may  be  red, 


Fig.  3 73- -Superior  Aspect  op  Liver,  ShowingUnusual  Degree  of  Cirrhosis  with 

A.  Gall-bladder.  The  patient  was  a chronic  alcoholic and  died  from  gastro-esophagea 

(Illustration  one-half  natural  size.) 


“ Hob-nailed  ” 
hemorrhage. 


but  is  practically  always  lighter  in  color  than  the  hepatic  lobules  which 
it  surrounds.  From  the  coarse  bands  finer  projections  can  usually 
be  traced  around  the  lobules.  } 

The  most  striking  histologic  change  is  the  enormous  increase  in 
fibrous  tissue.  The  distribution  of  this  substance  has  been  used  as  a 
basis  for  certain  anatomic  subdivisions;  when  the  bands  enclose  a number 

tL  moIfnMh3!  °bU-  el  the  c,ondltlon  is  called  Polylobular  cirrhosis.  In 
the  mono  obular  cirrhosis  the  tendency  of  the  intercalated  fibrous  ele- 
ments is  to  surround  and  isolate  each  lobule.  Usually  both  types  can 
be  recognized,  although  one  may  predominate.  The  fact  that  the 
fibrous  tissue  is  around  the  lobule  rather  than  in  it  has  led  to  the  designa- 
tion perilobular  cirrhosis  or  interlobular  cirrhosis.  When  the  fibers 
extend  between  the  columns  of  liver  cells  forming  the  lobule  the  con- 

hvnpY8  ? 6d  iatraIobuIar.  c,rrhosis  5 this  form  is  more  common  in  the 
hypertrophic  and  obstructive  types  of  cirrhosis.  The  extent  of  the 

fibrillation  m the  newly  formed  tissue  is  largely  determined  by  its  a-e 
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In  the  more  recent  stages  the  interstitial  increase  is  composed  largely 
of  mononuclear  cells.  Later  these  can  be  seen  forming  fibrous  tissue, 
and  when  the  lesion  is  advanced,  the  thick  cicatricial  bands  are  often 
nearly  acellular.  As  long  as  the  lesion  is  progressing,  however,  mononu- 
clear cells  are  present  in  the  more  recent  areas,  usually  adjacent  to  the 
receding  lobules.  The  studies  of  a number  of  observers  show  that  the 
new  tissue  often  contains  elastica  in  varying  amounts;  this  substance, 
however,  is  not  invariably  increased,  as  I have  examined  specimens  of 
advanced  cirrhosis  in  which  there  was  no  manifest  production  of  elastic 


Fig.  374. — Atrophic  Cirrhosis  op  the  Liver,  Advanced.  ( Schmaus .)  X so  diameters. 
a.  Liver  lobule,  b,  b.  Newly  formed  fibrous  tissue,  c.  Bile-ducts,  d , e,  f.  Granules  or  hob-nails  on  the 
surface  of  the  liver,  due  to  contraction  of  the  newly  formed  connective  tissue.  If  the  masses  are  small, 
they  appear  on  the  surface  of  the  organ  as  granules;  if  large,  they  form  hob-nails,  g.  Branch  of  portal 
vein.  t.  Hepatic  vein  in  center  of  lobule. 


tissue.  Often  columns  of  cuboidal  cells  suggesting  new  bile- ducts  are 
present  in  the  interstitial  tissue.  It  is  possible  that  these  structures 
are  due  to  regenerative  efforts  on  the  part  of  the  liver  cells;  their  exact 
nature,  however,  is  still  a matter  of  doubt.  In  some  forms  of  cirrhosis, 
yellowish  or  brownish  granules  of  pigment  are  found  in  the  new  tissue 
and  in  the  liver  cells.  In  most  cases  the  granules  are  derived  from  the 
erythrocytes  as  a result  of  hemolytic  processes.  The  pigment  is  not 
to  be  confused  with  that  seen  in  cirrhosis  anthracotica ; the  latter  is  of 
extraneous  origin  (exogenous),  and  has  reached  the  liver  by  the  blood 
(see  p.  224). 

The  portal  vein  and  its  branches  are  dilated,  the  large  vein  of  the 
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round  ligament  is  often  conspicuous,  and  sometimes  dilated  veins  are 
seen  beneath  the  skin,  around  the  umbilicus,  constituting  the  so-called 
caput  medusae.  _ The  gastric  and  esophageal  veins  may  be  varicose, 
an<~’  u ruPturm&>  sometimes  give  rise  to  fatal  hemorrhages.  Mani- 
ef® . T ™ese  phenomena  are  attributed  to  increased  portal  pressure  for 
which  several  explanations  have  been  offered.  It  has  long  been  held 
t at  obstruction  to  the  portal  vein  results  from  contraction  of  the  peri- 
portal tissue;  this  view  has  not  been  universally  discarded.  Herrick1 
maintains  that  heightened  portal  tension  results  from  communication 
o the  arterial  pressure  from  the  hepatic  artery,  through  dilated  capil- 
laries. the  spleen  is  moderately  enlarged,  the  capsule  frequentlv  thick- 
ened and  sometimes  adherent  to  contiguous  structures;  there  is  some 
doubt  as  to  whether  the  splenic  enlargement  is  due  to  venous  stasis 
a one  or  is  the  result  of  toxemia.  Christian2  attributes  firmness  of  the 
sp  een  o \ ascular  distention  rather  than  to  connective-tissue  increase1 
the  latter  is  mainly  a proliferation  of  the  reticulum,  with  scanty  change 
in  the  white  fibrous 'and  elastic  tissues;  in  some  instances  there  is  an 
increase  m the  connective  tissue  of  the  Malpighian  bodies  and  around 

111?  7 caPlUfnues-  KllPPel  and  Lefas  have  recently  studied  the 

notable  sclerosis  of  the  pancreas  often  associated  with  contracting  liver- 
m some  cases  the  production  of  fibrous  tissue  in  the  interior  of  the 
?rptas  +1S  TSt  marked-  the  earlier  stages,  and  later  when  edema 

the  2;  n/  °u8an  may  be.enlarged-  The  intestinal  mucosa  shows 
esultb  of  chronic  congestion,  and  catarrhal  inflammations  of  the 

•atirfbdommal  aluneatary  canal  are  frequently  present.  Ascites  occurs 
n fifty  per  cent,  of  the  cases;  it  is  usually  attributed  to  the  heightened 
venous  tension  resulting  from  portal  hypertension, -but  may  alsobe  Sue 

Fatty  Cirrhosis.  In  addition  to  the  increase  in  the  connective  tissue 
observed  m atrophic  cirrhosis,  there  may  be  more  or  less  fatty  infiltra- 
tmn  giving  rise  to  an  organ  that  but  little  resembles  the  preceding 

Morbid  Anatomy.— The  fatty  cirrhotic  liver  is  large  and  is  usuallv 
smooth  but  may  be  slightly  granular;  as  a rule,  the  surface  is  undulating 
and  distinctly  yellow  m color;  the  organ  possesses  the  rounded  marmS 
and. general  rotundity  already  noted  as  present  in  fatty  infiltration  (see&p 
764,  also  examine  Fig.  369,  p.  764);  on  section,  however,  it  is  very  much 
rmer  and  contains  an  excess  of  fibrous  tissue  as  well  as  of  fat  • the  fibrous 

tlS+uVS  dlstnbuted  m the  same  manner  as  in  atrophic  cirrhosis  and 
wi  the  same  result,  except  that  the  extensive  infiltration  of  fat  enlarges 

turally  Immature6  Thf  tlSSU6  T S°  abundant  OTd  commonly  is  strSc- 
turally  immature.  The  venous  obstruction  is  usually  less,  and  the  alter- 
ations m other  organs  are  not  so  marked  as  when  contraction  is  consnicu 
ous.  In  my  experience  this  form  of  cirrhosis  is  commonly  latent  often 

undiagnosed°  n°  Sympt°mS>  and  fredueatly  reaches  the  autopsy  table 
Obstructive  biliary  cirrhosis,3  follows  increased  pressure  within  the  bile- 

„ Jour-  Exper.  Med.,  Jan.  23,  1907,  p.  93. 

J°ur.  Amer.  Med.,  Assoc.  Nov.  25,  1905,  p.  161c 

Ford  Amer.  Jour.  Med.,  Sci.  Jan.,  1901.'  Weber  Trans  Path  nf  r 1 
i9°3.  vol  liv,  p.  103.  Pick,  Wien.,  klin.  Woch.,  April  u Tont  !!  !,  / London’ 
Proc.  Path.  Soc.  Phila.,  1907,  vol.  x,  p.  127.  ’ ^ 493-  La\enson, 
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ducts,  although  it  is  evident  that  some  additional  factor  is  necessary,  as 
duct  obstruction  may  be  complete  and  long  continued  without  producing 
typic  biliary  cirrhosis.  Retention  of  bile  within  the  liver  often  gives  rise  to 
necrosis  of  the  hepatic  epithelium  and  a productive  inflammation  around 
the  finer  biliary  channels.  The  causes  of  duct  obstruction  will  be  consid- 
ered with  other  affections  of  the  biliary  passages. 

Morbid  Anatomy. — In  the  earlier  stages  the  liver  is  greatly  enlarged, 
but  later  frequently  contracts.  During  the  period  of  enlargement  the 
organ  resembles  the  liver  of  typic  hypertrophic  cirrhosis.  Often  the 
dilated  ducts  can  be  seen  through  the  capsule;  adhesions  to  contiguous 
structures  occur.  The  liver  resists  incision,  is  intensely  bile  stained,  the 
surface  uneven  or  granular,  and  rarely  bossed ; in  the  latter  case  it  resembles 
the  hob-nail  liver.  The  incised  surface  discloses  transverse  and  oblique, 
less  frequently  longitudinal,  sections  of  dilated  bile-channels,  the  walls  of 
which  are  manifestly  thickened.  The  distribution  of  the  fibrous  tissue 
is  less  uniform  than  an  atrophic  cirrhosis,  and  its  cellular  character, 
during  the  stage  of  enlargement,  is  like  that  seen  in  hypertrophic  cirrhosis. 
Histologically,  the  new  tissue  is  both  interlobular  and  intralobular;  the 
larger  fibrous  masses  follow  the  lines  of  dilated  ducts,  but  are  also  pro- 
jected around  the  walls  of  biliary  canals  in  which  dilatation  is  inconspicu- 
ous. In  some  cases  focal  necroses  are  abundant,  and  degeneration  of  the 
hepatic  epithelium  is  advanced;  the  former  condition  is  absent  more  fre- 
quently than  the  latter.  Ascites  in  obstructive  biliary  cirrhosis  is  rare. 
The  fact  that  the  spleen  is  not  greatly  enlarged,  and  that  venous  distention 
is  inconspicuous  or  absent,  indicates  that  but  little  vascular  obstruction  is 
present.  The  most  disastrous  termination  of  these  cases  results  from 
pyogenic  infection  of  the  dilated  channels  and  wide-spread  suppurative 
cholangitis,  with  multiple  abscesses  along  the  course  of  the  infected  ducts. 

Hypertrophic  biliary  cirrhosis,1  sometimes  called  biliary  cirrhosis , 
or  simply  hypertrophic  cirrhosis , is  characterized  by  marked  enlarge- 
ment of  the  liver  and  spleen,  the  absence  of  ascites,  and  the  presence  of 
an  intense  protracted  jaundice;  occlusion  of  the  larger  ducts  is  absent. 
As  the  liver  is  enlarged  in  obstructive  cirrhosis,  fatty  cirrhosis,  and 
sometimes  in  the  earlier  stages  of  atrophic  cirrhosis,  the  use  of  the  un- 
qualified term  hypertrophic  should  be  suppressed,  and  as  the  obstructive 
cirrhosis  is  clearly  of  biliary  origin,  the  use  of  the  term  biliary  cirrhosis 
without  qualification  gives  rise  to  confusion.  The  cause  of  the  condition 
is  quite  obscure.  It  frequently  occurs  in  the  young,  and  there  are  recorded 
instances  suggestive  of  hereditary  influences.  The  evidences  of  inflam- 
mations in  the  smaller  biliary  canals  have  suggested  an  infectious  origin, 
although  no  specific  organism  has  been  isolated.  If  due  to  bacteria,  the 
location  of  the  lesion  must  be  taken  as  an  evidence  of  an  ascending 
cholangitis. 

Morbid  Anatomy. — The  organ  is  large,  much  darker  than  the  pre- 
ceding varieties,  and  of  a greenish-yellow  color;  the  surface  is  smooth, 
the  margin  rounded,  the  gall-bladder  retracted,  and  the  tissue  is  firm  and 
offers  marked  resistance  to  incision.  The  cut  surface  is  usually  pigmented 
and  bile  stained,  and  the  newly  formed  connective  tissue  can  be  seen 
widely  distributed  among  the  lobules. 

There  is  an  abundance  of  mononuclear  or  oval  cells  between  the 
lobules,  and  even  extending  into  the  tissue  of  the  lobule.  The  bile-ducts 

1 The  literature  is  quoted  in  full  by  Rolleston,  Diseases  of  the  Liver.  Gall-bladder, 
and  Bile-ducts,  1905. 
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appear  to  be  increased  in  size  and  number,  and  the  grouped  ducts  some- 
times form  adenoma-like  aggregations.  By  reason  of  the  absence  of 
contraction  there  is  little  obstruction  to  the  portal  circulation,  and  hence 
1 1 ere  is  no  dropsy.  The  increased  interlobular  proliferation  and  swelling 
probably  obstruct  bile-ducts,  and  in  this  way  give  rise  to  the  jaundice, 
ine  spleen  is  notably  enlarged,  weighing  between  400  gm.  and  1000  gm 
and  m rare  cases  weighs  more  than  the  liver.  Fibrous  changes  have  been 
observed  m the  pancreas.  All  the  body  tissues  are  intensely  bile  stained. 

r +°uUt^en  years,ag°  Gilbert  and  Lereboullet1  called  attention  to  clubbing 
ot  the  lingers  m hypertrophic  biliary  cirrhosis;  it  is  said  that  this  manifes- 
tation occurs  m no  other  form  of  hepatitis. 

Pseudocirrhosis,-  also  called  hepatic  capsulitis,  perihepatitis,  and  cap- 
su  ar  cirrhosis,  is  probably  a form  of  chronic  serous  membrane  inflam- 
111a  ion  a chronic  hyperplastic  hyaloserositis  (p.  472) — and  should  not 
be  grouped  with  the  cirrhoses.  Local  capsular  thickenings  are  without 
c mica  significance,  and  it  is  only  when  the  liver  is  practically  covered 
by  a thick  stratum  of  condensed  hyaline  fibrous  tissue,  giving  rise  to 
contraction,  that  the  condition  becomes  important.  Rolleston  differenti- 
ates it  from  perihepatitis  by  the  fact  that  the  new  tissue  is  beneath  the 
capsule,  other  writers  do  not  make  the  distinction.  The  surface  of  the 
orgEin  is  covered  by  hyaline  fibrous  tissue  (.“Zuckergussleber,”  iced  liver) 
w ich  resists  incision;  sometimes  there  is  a slight  cirrhosis,  but  never  the 
changes  of  the  typic  chronic  interstitial  hepatitis.  Vascular  distention 
and  wasting  of  the  epithelium  (red  atrophy)  are  usually  present.  Pericar- 

n°n-and  thlckenmg  of  the  splenic  capsule  are  present  in  some 
case^,  ascites  is  sometimes  marked. 

’ iufpptW,lllS  T°f  thC  liv?r3  may  result  from  either  congenital  or  acquired 
art tn  hi'  ^ COngemtal  syPhlhs  three  important  structural  alterations 
fZ  1 1 Tec?Z™ed:  (j)  extensive  intercalation  of  fibrous  tissue  between 
the  lobules,  but  extending  into  and  around  the  cells  (; pericellular  cirrhosis) 

wh  oh  nL^l  US6,  mv°  vmg  a11  the  organ,  or  restricted  to  definite  paths 

ceffs  ^thinblLCOrreSP°?lt0  the  dlstribution  of  the  vessels.  The  hepatic 
(l U /if / *h  th  areaS  °f  fibrosis>  are  usually  shrunken  and  often  necrotic. 
{2)  Mdiary  gummata,  consisting  of  small  collections  of  lymphoid  cells  in 
which  stellate  or  sharply  defined  giant  cells  are  occasionally  observed.  ^ In 

deveToTmenTnf^6  ( ^USe  lesion’ . first  described,  is  concurrent  with  the 
elopment  of  almost  microscopic  granulomata.  (3)  Gummata  corre- 

spondmg  to  the  usual  type  of  syphiloma,  occasionally  occur  in  congenital 
syphilis;  they  are,  however,  infrequent.  By  contraction,  the  diffuse  p'ericel- 

th  drfinrrhOS1S  dimmish  the  size  of  the  liver,  or,  what  is  more  common 
the  fibrosis— either  pericellular  or  multilobular— follows  irregular  paths 

nough  the  organ,  and,  when  it  contracts,  divides  the  liver  into  manv 
!°beS  . tbe  Postulated  liver  of  congenital  syphilis.  With  regard  to  the 
hepatic  lesions  of  acquired  syphilis,  especially  during  the  secondarv 
peiiod,  we  possess  but  little  accurate  knowledge.  The  fact  that  iaundice 
and  hepatic  enlargement  occur,  and  that  later  ^ dZtv 

indicates  the  possibility  of  an  acute  diffuse  interstitial  hepatitis  and 
catarrhal  cholangitis.  Later  syphilitic  infection  gives  rise  to definite 

1 |ee  GaZ-  ?«bd-  de  M6d-  et  de  Chir.,  1902,  Nos.  1 and  2 p r 

fig?,-  ►***•  ^ jtt'MTTscT; 
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gummata  (p.  163).  These  may  occupy  the  interior  of  the  organ,  and  pre- 
sent on  the  surface  as  definite  bosses,  or  rarely  as  semipedunculated  masses. 
The  margin  of  the  gumma  is  not  sharply  defined,  and,  as  Birch-Hirschfeld 
observes,  the  mass  can  seldom  be  shelled  out  of  the  hepatic  tissue;  even  in 
the  pedunculated  syphilomata  liver  tissue  is  present  in  the  pedicles  and 
partly  incloses  the  nodule.  Scars  from  healed  gummata  may  sometimes 
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Pig.  375. — Under  Surface  of  Liver  Showing  Results  of  Congenital  Syphilis. 

A,  A.  Gall-bladder.  B.  Round  ligament.  The  organ  is  irregularly  fissured  in  many _ directions,  giving 
rise  to  a large  number  of  lobes.  The  patient  from  whom  this  liver  was  removed  died  in  the  second 
week  of  typhoid  fever;  age,  seventeen  years. 


be  observed.  It  is  well  known  that  syphilitics  are  subject  to  amyloid 
disease,  and  that  this  affection  commonly  involves  the  liver  (p.  221). 

Tuberculosis  of  the  Liver.1 — Pulmonary  tuberculosis  is  often  accom- 
panied by  fatty  infiltration  of  the  liver,  with  which,  or  independently, 
a periportal  cirrhosis  sometimes  occurs.  It  is  known  that  the  poison 
of  the  tubercle  bacillus  sometimes  manifests  a sclerogenous  quality, 
and  it  is  possible  that  some  of  these  forms  of  cirrhosis  are  due  to  the 

1 Courcoux  and  Duman,  Soc.  de  Biol.,  Dec.  24,  1904.  Blondin,  These  de  Paris, 
1905.  Isaac,  Frankfurter  Zeit.  f.  Path.,  1908,  ii,  p.  125.  Gongerot,  Rev.  de  Med., 
Feb.,  1909.  Ullom,  Amer.  Jour.  Med.  Sci.,  May,  1909.  Oppenheimer,  Virch.  Arch., 
Bd.  cxciv,  Beiheft,  1908,  p.  254.  Lavenson  and  Karsner,  Univ.  Penna.  Med.  Bull., 
July,  1909. 
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action  of  the  bacillary  toxins  brought  to  the  liver  by  the  circulating 
blood,  tuberculosis  of  the  liver  may  be  primary  or  secondary;  the 
former  is  exceedingly  rare.  Infection  may  occur  by  the  portal  blood, 
hepatic  artery,  lymphatics, . or  by  contiguity;  the  hematogenous  routes 
a£e  I™® .usuaJ  Paths  b)r  which  the  bacillus  enters  the  organ.  Infection 
ol  the  liver  by  the  tubercle  bacillus  gives  rise  to  miliary  tubercles,  or 
m the  more  chronic  form  cheesy  areas  of  various  sizes,  and,  rarely, 
extensive  caseation  involving  a large  part  of  the  liver,  constituting  the 
so-called  _ cold  abscess.  Miliary  tubercles  and  miliary  gummata  are 
otten  quite  similar,  and  bacteriologic  examination  may  be  necessary 


Pig.  376.— Syphilitic  Cirrhosis  op  the  Liver.  ( Schmaus .)  x 40  diameters 


tai  vcni.  u , L/iver  lot 

traction  exerted  by  the  fibrous  bundles,  g. 


to  differentiate  the  lesions.  Miliary  tuberculosis  of  the  liver  usuallv 
produces  marked  enlargement  of  the  organ.  It  is  frequently  concurrent 
with  peritoneal  tuberculosis,  which  may  be  interpreted  as  indicating 
lat  the  infection  has  arisen  m the  portal  system  or  that  the  peritoneal 
lesion  is  secondary  to  the  hepatic  manifestation.  In  acute  cases  the 

perslst^bolfcrfhh11  T1  °f  the,fay  type  (p.  125);  after  the  lesion  has 
persisted  longer  they  become  yellow  and  often  distinctly  caseous.  Local- 

ized  tuberculosis  of  the  liver  is  manifested  by  caseous  nodules  called 

solitary  tubercles.  The  term  solitary  must  be  ^ven  the  same  liberal 

construction  as  when  applied  to  solitary  abscesses;  both  lesions  are 

frequently  multiple.  The  solitary  tubercle  is  a circumscribed  caseous 

ingly8  tSnUn  The  f h “b  may  be, thick  and  dense  or  exceed- 

mgly  thin.  The  tuberculous  abscess  usually  results  from  secondary 
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infection  of  a solitary  caseous  area.  When  the  cheesy  nodules  rupture 
into  a bile-duct,  caseous  cholangitis  commonly  follows. 

Actinomycosis  of  the  liver1  may  be  primary  or  secondary;  of  Ari- 
baud’s  seven  cases  of  primary  hepatic  actinomycosis,  Auvray  believes 
that  three  are  genuine.  Of  the  thirty-one  cases  collected  by  Auvray, 
seven  were  due  to  direct  extension  from  the  alimentary  tube;  eleven 
were  infections  by  the  portal  blood.  Propagation  from  the  kidney  or 
lung  is  less  frequent.  Abscesses,  miliary,  multiple,  or  single,  always 
develop.  The  liver  becomes  adherent  to  the  abdominal  wall  or  some 
contiguous  viscus,  and  extending  necrosis  gives  rise  to  fistulous  paths 
and  external  openings;  all  the  reported  cases  have  proved  fatal.  The 
diagnosis  is  made  by  demonstrating  (p.  146)  the  fungus  in  the  tissues 
or  discharges. 

Leprosy  of  the  liver  is  a rare  manifestation  of  the  tubercular  or  nodu- 
lar form  of  the  disease.  The  histology  of  the  leprous  nodule  is  described 
on  p.  137. 

Tumors  of  the  Liver. — Adenoma  may  arise  from  the  liver  cells  or 
from  the  epithelium  of  the  intrahepatic  ducts.  Birch-Hirschfeld  ob- 
served adenoma  of  the  liver  twice  in  400  autopsies  on  infants.  Hyper- 
nephroma (see  p.  674)  of  the  liver  has  been  described.  The  most  im- 
portant of  the  hepatic  tumors  are  the  carcinomata,  which  may  be  primary 
or  secondary.  Hale  White,  in  10,000  postmortems,  found  ten  undoubted 
instances  of  primary  cancer  of  the  liver;2  the  secondary  cancers  were 
twenty-four  times  as  frequent.  Eggel  collected  163  instances  of  primary 
hepatic  cancer.  It  has  been  observed  in  children,  but  is  rare  before 
middle  life.  Primary  cancer  may  arise  from  the  hepatic  cells  or  from 
the  epithelium  of  the  biliary  ducts;  it  may  be  of  the  cylindric-cell  type 
or  resemble  the  glandular  cancers.  Nodular,  massive  or  solid,  and 
diffuse  forms  are  recognized.  The  first  of  these  consists  of  bossed, 
irregular  nodes,  usually  grouped  in  one  area  of  the  liver,  commonly 
the  right  lobe.  Massive  or  solid  tumors  consist  of  a single  growth. 
Less  than  one-fourth  of  the  primary  cancers  are  of  this  form.  The  dif- 
fuse form  is  the  rarest  of  hepatic  cancers;  it  gradually  infiltrates  a lobe, 
and  on  account  of  the  large  amount  of  connective  tissue,  contracts  about 
as  rapidly  as  it  destroys  the  hepatic  structure,  thereby  preventing  any 
considerable  increase  in  the  size  of  the  organ.  The  usual  form  of  hepatic 
cancer  is  secondary  to  carcinoma  in  some  part  of  the  intraabdominal 
alimentary  canal.  Some  of  these  tumors  attain  enormous  dimensions; 
in  the  case  reported  by  Christian  the  liver  weighed  15,110  gm.  The 
secondary  growths  are  practically  always  multiple,  and  usually  are  dis- 
tributed in  the  liver  from  a portal  vein.  The  multicentric  character  of 
the  growth  leads  to  the  production  of  a large  number  of  nodes,  many  of 
which  are  near  the  surface,  upon  which  they  may  be  recognized  as  slightly 
elevated  bosses;  as  a result  of  degenerative  and  necrotic  changes  in  the 
interior  and  consequent  contraction  the  center  of  the  boss  is  depressed 
(umbilicated) . 

Connective-tissue  tumors  of  the  liver  are  rare — angiomata  are  prob- 
ably the  most  frequent,  and  are  practically  always  of  the  cavernous 

Auvray,  Rev.  de  chir.,  July,  1903,  p.  1. 

2 Courmont  and  Cremieu,  Sem.  Med.,  May  6,  1908,  p.  224.  Knott,  Surg.  Gyn. 
and  Obstet.,  Sept.,  1908,  p.  328.  Yeomans,  Jour.  Amer.  Med.  Assoc.,  May  29,  1909, 
p.  1741.  Hippel,  Virch.  Arch.,  Bd.  cci,  H.  3,  1910,  p.  326.  Lissauer,  Virch.  Arch., 
Bd.  ccii,  H,  1.  1910,  p.  57. 
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type,  they  are  rarely  large,  although  Mantle  reported  an  instance  in 
\\  ich  the  tumor  was  20  cm.  by  30  cm.  Angioma  of  the  liver1  is  con- 
genital, although  other  views  as  to  its  origin  have  been  expressed.  Myxo- 
mata and  fibromata  are  rarely  found  in  the  liver.  Primary  sarcoma 
o ^ e liver  is  even  less  frequent  than  primary  cancer.  It  may  consist 

e jr§ie  ma.ss’  or. trom  such  a primary  growth  there  may  be 
q *t!+P  e n°dul®s  disseminated  through  the  organ.  Histologically 

% p.Pe  ceP  may  de  present.  Melanotic  tumors  of  the  liver  are 
probably  always  secondary. 


T,  I'IGUf377-7:iPART0p  Left  Lobe  OF  the  Liver,  Showing  Primary  Cylindr.c-cell  Carcinoma 

ine  slight  umbilication  of  the  cancerous  nodules  is  indicated  Fimirp  tct  narro  x 




this  tumor, 
fourths  natural  size. 


Mass  weighed  525  gm.  The  patient  recovered.) 


Cysts  of  the  Liver.  —Some  of  the  adenomata  of  the  liver  are  cystic 
and  Boye  believes  that  the  so-called  cystic  disease  of  the  liver  is  reallv  a form 
of  cystadenoma.  Cysts  resulting  from  occlusion  of  the  bile-ducts  were 
considered  when  speaking  of  obstructive  biliary  cirrhosis  (p.  777).  Some 
it  not  all,  of  the  so-called  simple  cysts  arise  in  this  way.  Those  possess- 
ing a ciliated  epithelial  lining  demand  some  other  explanation.  A form 
o congenital  cystic  disease  of  the  liver  resembling  that  occurring  in  the 
kidney  (p.  677)  is  occasionally  observed.  Such  cysts  are  usually  multi- 
ple, but  a single  large  cyst  is  sometimes  present.  It  is  probable  that 
they  arise  from  developmental  errors  in  the  evolution  of  the  bile-ducts 

1 Schmieden,  Virchows  Arch.,  1000  Bd  clxi  n 2-7?  al„.„  , , r.  . 

i9°3,  Bd.  xxxiv  p.  215.  Mantle,  Brit.  Med.  Jou’r.!  Feb  i4  ® B 

Deve,  Les  Kystes  Hydatiques  du  Foie,  Paris,  1905  ’ Opp^’nhefm^  Th^se  dc 
Pans,  1905.  Bland-Sutton,  Brit.  Med.  Jour.,  Nov  4 iQOc  d 

Arch  Bd'lcf;  it:  *«•  «p.  vis: 
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The  most  frequent  cyst  of  the  liver  is  the  hydatid  (p.  186),  fifty  per 
cent,  of  which  are  situated  in  the  organ  under  consideration.  Neisser, 
in  986  cases  of  hydatid  disease,  found  the  liver  affected  in  451.  It  is 
usually  stated  that  hydatid  cysts  do  not  develop  in  the  bile-ducts,  but 
Deve  reports  a case  in  which  the  cavities  were  lined  by  biliary  epithelium. 
Figure  84,  page  186,  is  a hydatid  cyst  of  the  liver;  these  cysts  occasion- 
ally inspissate  and  may  become  caseous  or  cretaceous. 

BILIARY  PASSAGES.1 

Malformations.2 — Occasionally  the  common  duct,  the  duct  of  the 
gall-bladder,  or  the  gall-bladder  itself  may  be  absent;  in  certain  cases 
of  jaundice  in  the  new-born  the  ducts  are  either  absent  or  not  patulous. 

Cholangitis,  or  inflammation  of  the  biliary  ducts,  may  be  a catarrhal 
process,  either  acute  or  chronic,  or  it  may  be  suppurative,  and,  in  rare 
instances,  gangrenous. 

Acute  catarrhal  cholangitis  is  commonly  secondary  to  duodenitis, 
but  may  also  result  from  the  presence  of  gall-stones  or  from  hydatids, 
either  in  the  liver  or  along  the  course  of  the  biliary  passages.  The 
condition  constitutes  the  anatomic  basis  of  the  so-called  catarrhal  jaun- 
dice, and  is  probably  always  of  bacterial  origin.  It  is  generally  main- 
tained that  infection  is  either  ascending  or  descending;  in  the  former 
the  bacteria  enter  from  the  duodenum,  and  in  the  descending  infections 
microorganisms  are  brought  to  the  liver  by  the  blood  and  excreted 
with  the  bile.  The  studies  of  Carmichael3  indicate  that  the  infection 
is  practically  always  of  the  ascending  type.  Embolic  abscesses  within 
the  liver  and  suppurating  hydatid  cysts  may  infect  the  bile-passages. 
Biliary  ducts  are  frequently  infected  in  typhoid  and  occasionally  in 
pneumonia  and  other  acute  infectious  diseases.  Any  obstructive  lesion 
which  impedes  the  flow  of  the  bile  favors  infection  and  frequently  gives 
rise  to  cholangitis.  The  inflammation  of  the  ducts  associated  with 
cancer  and  other  tumors  involving  the  lower  part  of  the  biliary  passages 
is  primarily  the  result  of  obstruction  and  consequent  infection.  The 
changes  in  the  mucosa  are  those  seen  in  catarrhal  inflammations  of  the 
mucous  membranes.  (See  p.  551.)  In  the  milder  forms  of  the  disease 
the  patients  rarely  die,  and  therefore  but  little  knowledge  is  available 
' as  to  the  changes  occurring  in  the  liver.  When,  however,  the  condi- 
tion has  persisted  for  any  length  of  time,  the  liver  is  usually  enlarged 
and  the  connective  tissue  surrounding  the  biliar}^  passages  shows  more 
or  less  cellular  infiltration.  The  lobules  may  contain  areas  of  necrosis. 

Chronic  catarrhal  cholangitis,  or  chronic  catarrhal  inflammation  of 
the  bile-ducts,  arises  as  a result  of  the  continued  action  of  the  causes 
already  given  when  considering  the  acute  form.  The  disease  usually 
invades  the  gall-bladder;  it  may  give  rise  to  obstruction  of  the  cystic 
duct,  and  thereby  induce  considerable  dilatation. 

Suppurative  cholangitis,  also  called  phlegmonous  cholangitis,  is  due 
to  pyogenic  infection  of  the  biliary  passages.  The  morbid  process 
usually  begins  as,  or  is  associated  with,  a catarrhal  inflammation,  and 
hence  the  causes  already  given  for  this  process  are  to  a certain  extent 

1 For  literature,  see  Lubarsch  u.  Ostertag,  Ergeb.  d.  Allg.  Path.,  14  Jahr.,  II.  Abt., 
1910,  p.  714. 

2 See  Malformations  of  the  Liver,  p.  760. 

3 Jour.  Path,  and  Bact.,  Sept.,  1902,  p.  276.  Bibliography. 
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influential  m the  production  of  the  suppurative  lesion.  The  disease 
ma>  be  secondary.  to  cholelithiasis;  it  is  not  infrequently  associated 
witn  general  infections,  such  as  occur  in  pyemia,  pneumonia,  typhoid 
e\  er  and  influenza.  The  colon  bacillus,  the  typhoid  bacillus,  and  the 
usual  pyogenic  organisms  are  the  bacteria  most  frequently  present, 
i s o course  of  infection,  it  is  probable  that  in  most  instances  the 
actena  reach  the  biliary  passages  from  the  intestinal  canal  by  a process 
Clre£t  invasion.  It  is  not  improbable  that  the  infection  may  occur 
rough  bacteria  carried  to  the  hepatic  tissues  by  way  of  the  circulation, 
v 11c  , nding  in  the  biliary  passages  conditions  suitable  for  their  growth 
o ge  and  give  rise  to  inflammation.  Phlegmonous  cholangitis  may  arise 
irom,  or  terminate  in,  pyemia  or  septicemia.  When  the  biliary  svstem 
is  mvo  ved  m a diffuse  suppurative  cholangitis,  the  liver  is  usually  en- 
larged, and  on  section  pus  may  be  identified  in  and  around  the  biliary 


Fig.  378.  Gall-bladder  Turned 
Inside  out,  Showing  Ulcerative 
Cholecystitis.  ( Bland-Sutton .) 


Fig.  3 79- — Gall-bladder,  Suppura- 
tive Cholecystitis,  Containing  a 
Spadix-like  Body  Formed  of 
Hard  Mucus.  ( Bland-Sutton ). 


passages,  which  not  uncommonly  show  more  or  less  dilatation  If 
the  disease  be  permitted  to  progress,  and  if  the  patient  survive  ’ ab 
scesses,  macroscopically  recognizable,  may  be  found  in  the  hepatic 
tissue.  (See  Plepatic  Abscess,  p.  770.)  hepatic 

Cholecystitis  or  inflammation  of  the  gall-bladder  may  be  acute  or 
romc,  catarrhal,  pseudomembranous,  hemorrhagic,  gangrenous  or  sun 
purative.  In  all  forms  cholecystitis  is  the  result  of  infection  and  mav 
be  due  to  a large  number  of  bacteria.  Frequently  the  condition  is  sec 
ondary;  this  is  especially  true  of  the  inflammations  of  gal^dder' 
due  to  infectious  processes  characterized  by  bacteremia  sneh  « ~ d 

mnnm  ^ typh0id‘  The  ^Phoid  bacillus^  is  Regularly'  o^esen^in^hp 
gall-bladder,  often  m pure  culture,  in  all  fatal  cases  of  typhoid  fever 
By  some  the  relapses  occurring  in  tvphoid  are  attribute  1 1 ; ?r- 

tence  of  the  bacilli.  The  orgabsmsTa^  been  de“?ated  hS' 
bladder,  months  or  even  years  after  the  attack.  They  have  also  beer, 
found  m gall-stones.  Inflammations  of  the  gall-bladder  may  terminate 
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in  the  production  of  gall-stones  (lithogenous  cholecystitis)  and  on  the 
4 other  hand,  the  presence  of  gall-stones  usually  results  in  recurring  attacks 
of  cholecystitis  which  not  infrequently  end  in  suppuration,  necrosis,  and 
perforation. 

Phlegmonous  or  suppurative  cholecystitis  is  manifested  by  edema 
and  leukocytic  infiltration  of  the  wall  of  the  gall-bladder.  Leukocytes 
entering  the  cavity  may  escape  by  way  of  the  duct  or,  if  that  structure 
be  occluded  by  edema  or  other  form  of  obstruction,  the  accumulating 
cells  (pus)  distend  the  organ  constituting  a condition  called  empyema 
of  the  gall-bladder.  Peritonitis  may  occur  without  perforation  of  the 
cystic  wall,  infection  having  traveled  through  the  lymph-spaces.  The 
gall-bladder  is  commonly  greatly  enlarged,  and  evidence  of  the  septic 
character  of  the  inflammation  is  further  indicated  by  systemic  phenomena 
attributed  to  the  absorption  of  toxic  bodies  from  the  area  of  infection. 
Whether  the  process  began  in  the  gall-bladder  or  originated  in  the  com- 
mon duct  or  its  ramifications  in  the  liver  cannot  always  be  determined. 

Pseudomembranous  or  fibrinous  cholecystitis  is  exceedingly  rare; 
Rolleston1  has  reported  a case. 

Tuberculosis  of  the  gall-bladder2  or  tuberculous  cholecystitis  is  infre- 
quent; it  may  involve  the  mucosa  or  interstitial  tissue.  It  is  usually 
secondary. 

Pericholecystitis,  or  inflammation  around  the  gall-bladder,  may  be 
of  any  type  of  serous  membrane  inflammation.  Similar  inflammatory 
conditions  surrounding  the  biliary  ducts  are  called  pericholangitis ; both 
are  usually  due  to  extension  of  inflammatory  processes  from  the  interior. 
In  the  chronic  productive  or  fibrous  form  of  pericholecystitis  the  gall- 
bladder is  surrounded  by  masses  of  fibrous  tissue,  the  wall  greatly  thick- 
ened, and  the  organ  frequently  adherent  to  contiguous  structures. 

An  interstitial  cholecystitis  has  been  described;  it  may  be  productive 
and  associated  with  great  thickening  of  the  gall-bladder  wall,  or  suppura- 
tive, in  which  case  infection  of  the  overlying  peritoneum  practically 
always  occurs. 

Obstruction  of  the  biliary  ducts,  including  the  cystic  duct,  may  be 
due  to  swelling  of  the  mucosa,  gall-stones,  parasites,  such  as  ascarides 
and  flukes,  and  hydatid  cysts;  tumors  within  the  ducts,  neoplasms 
involving  the  contiguous  glands,  duodenum,  or  pancreas;  adhesions 
and  fibrous  bands  around  the  ducts,  prolapsed  kidney,  hepatoptosis, 
and  pseudomembrane  within  the  passages  may  produce  occlusion.  A 
similar  condition  results  from  congenital  atresia  or  absence  of  one  or 
more  of  the  ducts.  Obstruction  is  commonly  attended  by  dilatation 
of  the  passages  above  the  lesion,  and  predisposes  to  infection  and  the 
various  types  of  inflammation  already  described.  Hydrops  cystidis 
felleae  results  from  occlusion  of  the  cystic  duct;  the  gall-bladder  is  greatly 
dilated,  and  most  of  the  biliary  constituents,  except  cholesterin,  are 
absorbed,  leaving  a colorless,  viscid  fluid  resembling  mucus;  in  some 
cases  the  contained  liquid  is  thin  and  watery.  Unless  the  condition  has 
been  preceded  by  inflammatory  thickening,  the  wall  of  the  gall-bladder 
is  usually  thin.  Such  distended  gall-bladders  may  be  very  large.  Tait 
reported  a case  in  which  ten  pints  of  clear,  gluey  fluid  were  present. 
It  is  not  known  how  long  such  cystic  accumulations  may  persist;  in  a 

1 Trans.  Path.  Soc.  of  London,  1900,  vol.  liii,  p.  405. 

2 Beitzke,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Feb.  15,  1905. 
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case  recorded  by  Doran1  the  cyst  was  known  to  have  been  present  for 
twelve  years;  in  some  cases  it  forms  rapidly. 

Cholelithiasis-  includes  the  conditions  which  give  rise  to  gall-stones 
and  the  changes  that  result  from  their  presence  in  the  biliary  passages 
and  gall-bladder.  Biliary  concretions,  or  gall-stones,  usually  consist 
o coloring-matter  combined  with  calcium  and  its  salts,  particularly 
the  carbonate  and  phosphate.  Varying  quantities  of  cholesterin  are 
also  present;  in  the  transparent,  almost  colorless,  or  slightly  yellow 
stones  the  largest  percentage  is  found.  Possibly  other  causes  are  not 
without  influence,  but  the  most  important  etiologic  factor  in  the  pro- 
duction of  gall-stones  is  infection.  Of 
128  cases  examined  by  Merck,  in  fifty- 
three  per  cent,  the  colon  bacillus  was 
present,  either  alone  or  with  staphylococci 
or  streptococci;  the  typhoid  bacillus  is 
often  found,  and  may  be  demonstrable 
years  after  the  primary  infection.  A num- 


Fio.  380.  — Gall- 
bladder Containing 
Calculi;  Duct  Ob- 
literated, Wall 
Thickened.  Stone 
on  Right  Removed 
from  Common  Duct. 
{Bland- Sutton.) 


FiO;  381. — Gall-bladder. 
hndothehoma  arising  in  the  fundus 
perforating  the  wall  of  the  gall- 
o ladder  and  attaching  itself  to  and 
involving  the  transverse  colon 
IBland-Sutton.) 


°f  °b^rvers  havf  Produced  gall-stones  by  inoculating  the  Gall- 
bladder. Kramer  and  also  Bachmeister  by  inoculating  diluted  sterile 
lie  with  colon  and  typhoid  bacilli,  secured  precipitates' resembling  soft 
gall-stones.  Most  pyogenic  organisms  failed  to  produce  the  same  result 
The  frequency  of  cholelithiasis  in  different  countries  varies  In 
Strasburg  25.2  per  cent,  of  all  cadavers  of  persons  ever  sixtv  vears  of  po-p 
contain  gall-stones;  Bevan  found  that  sixteen  per  cent  of  ‘the " bodies 
in  the  Rush  dissecting-rooms  were  affected.  The  size  of  the  calculi 

1 Brit.  Med.  Jour.,  June  17,  1905. 

I Ma5ac^^ripMUV|h. 

18,  1908.  Marchetti,  Rif.  Med.,  May  iQOO  AsehofF  tka  iV , ’ ■ ' 4l  A 1, 

Ca.olehth.aas,  Jena,  .909.  Robson,  Mayo,  and  Cammidge!  GalUton^^dof! 
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varies  from  the  so-called  biliary  sand  to  masses  12  cm.  long  and  5 cm. 
thick;  as  a rule,  the  larger  the  number,  the  smaller  the  size.  Over 
5000  have  been  observed  in  a single  case.  Their  most  common  location 
is  in  the  gall-bladder;  they  occur  in  the  ducts  in  the  following  order  of 
frequency:  cystic  duct;  cystic  and  common  ducts ;'common  duct;  cystic, 
common,  and  hepatic  ducts;  intrahepatic  ducts.  Beer  doubts  whether 
there  are  over  150  cases  of  intrahepatic  cholelithiasis  on  record.  Stones 
are  often  latent,  and  sometimes  encysted  or  contained  in  pockets.  Their 
dangers  lie  largely  in  the  complications  to  which  they  give  rise,  the  latter 
including  all  forms  of  inflammation  of  the  gall-bladder  and  ducts,  perfora- 
tions, obstruction,  and  secondary  degenerations  and  inflammations,  within 
the  liver,  and  intestinal  obstruction.  As  a result  of  adhesions,  the  stone 
may  be  discharged  by  perforation  into  the  stomach,  colon,  intestine,  the 
pelvis  of  the  kidney,  or  externally;  in  rare  cases  the  diaphragm  and  the 
lung  are  penetrated. 

Tumors  of  the  Gall-bladder. — Villous  papilloma  of  the  gall-bladder 
occasonally  occurs;  it  often  terminates  in  cancer.  The  most  frequent 
tumor  of  the  gall-bladder  is  cancer;  it  is  commonly  secondary  to  gall- 
stones. The  tumor  is  usually  a scirrhous  or  a cylindric-cell  type  of 
carcinoma.  Primary  connective-tissue  tumors  of  the  gall-bladder  are 
exceedingly  rare;  fibroma,  lipoma,  and  sarcoma  have  been  observed. 

Tumors  of  the  Bile-ducts. — Papillomata  and  cystadenomata  occasionally 
occur;  they  are  most  frequent  in  the  vicinity  of  the  ampulla.  Primary 
cancer  of  the  bile-ducts1  is  also  most  common  in  the  same  area.  It  also 
occurs  at  the  junction  of  the  common  and  cystic  ducts,  and  is  less  frequent 
in  the  hepatic  duct;  it  is  usually  the  cylindric-cell  type  of  cancer. 
In  some  cases  the  growth  is  primary  in  the  ampulla  of  Vater.  Secondary 
carcinoma  of  the  bile-ducts  in  usually  due  to  direct  extension  from  duod-  <; 
enal,  pancreatic,  or  gastric  cancer,  cancer  of  the  liver,  and  secondary 
nodules  in  contiguous  lymph-nodes;  in  rare  cases  cancer  of  the  gall- 
bladder  extends  into  the  bile-ducts.  Lavenson2  was  able  to  collect  from 
literature  28  cases  of  retention  cysts  of  the  common  bile-duct;  in  the  case 
which  he  records  the  cyst  measured  7 cm.  by  8 cm.  by  15  cm.;  the  wall 
was  2 mm.  in  thickness. 

1 Mayo,  Northwest.  Medicine,  April,  1903,  p.  173. 

2 Amer.  Jour.  Med.  Sci.,  April,  1909. 


CHAPTER  XII. 

PANCREAS.1 


Normal  Structure. — Histologically,  this  organ  is  a reproduction  of 
the  salivary  glands,  consisting  of  acini,  with  smaller  ducts  empt)dng 
into  a larger  duct  (Wirsung’s  duct),  the  latter  terminating  in  the  duod- 
enum in  common  with  the  hepatic  duct.  Recent  investigations  have 
shown  that  probably,  the  most  important  structures  in  the  histology 
of  the  oigan  are  the  islands  of  Langerhans,  to  the  activity  of  which  is 
generally  attributed  the  production  of  an  internal  secretion.  The 
islands  aie  round  or  oval,  and  consist  of  convoluted  blood-vessels  and 
epithelial  cells.  They  are  equally  abundant  in  the  head  and  body  of 
the  organ,  but  are  much  more  numerous  in  the  splenic  end. 

Malformations  anc^  malpositions  of  the  pancreas  are  infrequent. 
There  are  fifty-two  recorded  instances  of  accessory  pancreas;  such  bodies 
are  found  in  the  wall  of  the  stomach,  duodenum,  jejunum,  or  ileum, 
usually  in  the  submucosa  or  extending  through  the  muscular  layer  of 
the  intestine.  They  consist  of  small  nodules,  rarely  more  than  2 cm. 
or  3 cm.,  in  diameter;  they  may  give  rise  to  diverticula  in  the  intestinal 
or  gastric  wall.  The  duct  of  Santorini  may  be  absent  or  in  rare  cases 
is  largei  than  the  duct  of  Wirsung;  accessory  ducts  are  rarely  encount- 
ered. Occasionally  the  normal  ducts  enter  the  intestines  at  unusual 
pomts.  In  the  pancreas  divisum  the  splenic  end  of  the  organ  is  joined  to 
the  head  by  a pedicle  of  fibrous  tissue  containing  a duct  and  vessels. 

annular  pancreas  more  or  less  fully  surrounds  the  duodenum.  A 
bihd  or  lobulated  pancreas  is  occasionally  encountered.  The  tail  of  the 
pancreas  may  be  pulled  out  of  position  by  a misplaced  spleen,  to  which 
reference  has  already  been  made.  (See  p.  427.)  In  Glenard’s  disease 
(\  lseeroptosis  or  enteroptosis)  there  may  be  a slight  downward  displace- 
ment of  the  organ,  but  it  is  not,  however,  marked.  Tumors  and  cysts 
occupying  the  retroperitoneal  tissues  may  push  the  pancreas  forward 
Cancers  involving  the  posterior  surface  of  the  head  of  the  organ  mav  render 
it  distinctly  palpable. 

Postmortem  changes  in  the  pancreas  sometimes  give  rise  to  conditions 
that  are  easily,  misinterpreted.  Chiari  has  suggested  that  the  process 
may  begin  during  the  agonal  period.  The  alterations  may  be  uniform 
throughout  the  organ  or  restricted  to  smaller  areas;  the  presence  of 
altered  blood  may  be  taken  as  an  evidence  of  antemortem  orimn.  The 
affected  structures  are  soft,  cloudy,  and  sometimes  appear  to  contain 


1 The  literature  on  diseases  of  the  pancreas  is  quite  extensive;  the  following  mav 
be  consulted:  Opie,  Diseases  of  the  Pancreas,  Its  Cause  and  N^ure,  1903!  gReiV 


mann,  Zeit.  f 
1006,  p.  193. 
ology,  1907. 

2 Ruediger, 


Heilkunde  Bd.  xxvi,  1905  Dewitt  Jour 7 Expert  Med.,' March  26, 
Mayo,  Robson,  and  Cammidge,  The  Pancreas;  Its  Surgery  and  Patln 
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more  fluid  than  contiguous  uninvolved  areas.  When  gastric  ulcer  or 
cancer  penetrates  the  pancreas,  postmortem  digestion  is  often  extreme. 
Gas  cysts  in  the  pancreas  due  to  the  Bacillus  aerogenes  capsulatus  or  other 
gas-producing  organisms  are  occasionally  observed. 

Hyperemia  of  the  pancreas  is  normal  during  digestion  and  occurs 
in  the  initial  stage  of  the  acute  inflammatory  processes  that  affect  the 
organ. 

Congestion  of  the  pancreas  may  be  a part  of  a general  abdominal 
congestion,  and  is  most  marked  in  the  presence  of  a long-continued 
obstructive  lesion  within  the  heart,  or  may  result  from  cirrhosis  of  the 
liver. 

Hemorrhage  into  the  pancreas  ( pancreatic  apoplexy  or  pancreatic 
hemorrhage ) is  a recognized  morbid  process,  although  there  is  considerable 
doubt  as  to  its  occurrence  independent  of  inflammation.  Little  is  known  of 
the  cause  of  the  condition ; it  may  occur  at  any  age,  but  is  most  frequent  in 
middle  life  and  later.  It  is  occasionally  associated  with  evidence  of 
congestion,  to  which  it  has  been  attributed.  Bunge  has  suggested  that 
it  may  be  of  embolic  origin,  and  others  have  thought  that  arteriosclerosis 
is  a cause.  It  is  alleged  that  the  continued  use  of  alcohol  favors  its  oc- 
currence. It  is  probable,  however,  that  the  alcohol  is  only  indirectly 
responsible  for  the  process,  causing  a catarrhal  duodenitis,  which,  in  turn, 
is  followed  by  pancreatic  apoplexy.  Inherited  syphilis  and  infectious 
processes  in  the  new-born  are  not  infrequently  associated  with  pancreatic 
hemorrhage.  Exactly  what  the  connection  is  cannot,  however,  at  present 
be  definitely  stated.  The  most  important  cause  is  cholelithiasis,  especially 
when  a gall-stone  occludes  the  opening  of  the  ampulla  into  the  intestine 
and  permits  retrojection  of  bile  into  the  duct  of  Wirsung.  Crushes  and 
blows  on  the  abdomen  may  give  rise  to  hemorrhage  in  and  around  the 
pancreas. 

Morbid  Anatomy. — The  hemorrhage  may  be  slight,  consisting  of 
punctate  extravasations  scattered  through  the  organ;  the  extravasations 
may  be  restricted  to  the  interstitial  tissue,  or  the  blood  may  enter  the 
gland  acini.  In  other  cases  the  hemorrhagic  infiltration  is  uniform 
throughout  a part  of  the  gland,  commonly  the  head;  and  in  still  other 
instances  the  whole  gland  is  affected.  Occasionally,  the  hemorrhage 
involves  the  tissues  around  the  organ,  extending  to  the  mesentery  and 
retroperitoneal  wall.  The  density  of  the  organ  is  partly  dependent  upon 
the  age  of  the  hemorrhage,  its  extent,  and  the  condition  of  the  tissues 
before  the  hemorrhage  took  place.  The  suffused  tissues  are  sometimes 
soft,  as  a result  of  liquefactive  changes,  or  dense  in  consequence  of  coagula- 
tion. The  hemorrhages  may  have  occurred  at  different  times,  as  shown 
by  the  fact  that  in  some  areas  old  pigment  is  found  adjacent  to,  or  in  the 
vicinity  of,  manifestly  recent  extravasations.  The  source  of  the  hemor- 
rhage can  seldom  be  located.  Even  in  the  mild  cases  without  extensive 
infiltration  of  the  organ,  recovery  unassociated  with  inflammation 
rarely  if  ever  occurs.  In  the  majority  of  cases,  however,  the  lesion  ter- 
minates in  an  acute  inflammatory  process.  (See  Acute  Hemorrhagic  Pan- 
creatitis, below.) 

Fatty  infiltration  of  the  pancreas  is  uncommon;  it  is  sometimes  a part 
of  general  obesity,  results  from  retardation  of  the  intra-abdominal 
circulation,  or  is  secondary  to  atrophic  degenerative  and  fibroid  processes 
occurring  in  the  organ.  Symmers1  has  especially  studied  the  occurrence 

1 Arch.  Intern.  Med.,  May,  1909. 
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°f  fat  in  the  islands  of  Langerhans  and  concludes  that  it  is  invariably 
pathologic;  and  is  most  frequently  observed  in  alcoholics.  Calcareous 
infiltration  may  accompany  fat  deposits  or  may  follow  hemorrhage  or 
inflammation  of  the  organ.  The  calcific  material  is  occasionally  diffuse 
and  scanty  in  amount,  or  it  may  be  collected  in  masses  in  some  part  of 
the  organ.  It  is  often  difficult  to  decide  whether  the  cretaceous  matter 
lies  within  the  ducts  and  is  a manifestation  of  pancreatic  lithiasis  or  has 
resulted  from  calcific  changes  in  necrotic  areas. 

Cioudy  swelling,  according  to  Ghedini,1  occurs  particularly  in  the 
acute  infectious  diseases,  pyemia,  and  septicemia.  I have  seen  it  in 
typhoid, . pneumonia,  and  erysipelas,  and  the  condition  is  especially 
marked  m protracted  infections  with  high  temperatures.  Ghedini  has 
observed  fatty  degeneration  of  the  pancreas  in  chronic  tuberculosis, 
cirrhosis  of  the  liver, ^ and  in  cardiac  and  pulmonary  affections  character- 
ized '))  venous  stasis.  Opie  and  others  have  described  hyaline  trans- 
ormation  of  the  bodies  of  Langerhans;  this  change  is  most  frequent 
m c ironic  inflammatory  conditions  in  which  the  new  connective  tissue 
penetrates  the  lobules. 

Atrophy  of  the  pancreas,  in  the  large  majority  of  cases,  is  secondarv 
to  fibrosis  involving  the  connective  tissue  of  the  organ,  and  constituting 
what  is  commonly  described  as  chronic  pancreatitis,  which  will  be  dis- 
cussed with  inflammations  of  the  pancreas.  Marked  obstruction  or 
occlusion  of  the  pancreatic  duct  and  calculus  disease  of  the  pancreas 
frequently  give  rise  to  secondary  atrophy  of  the  organ.  After  middle 
lite  the  pancreas  not  infrequently  participates  in  the  atropic  changes  in- 
volving many  of  the  glandular  viscera,  muscles,  and  other  organs. 

ancreatitis-  ( inflammation  of  the  pancreas)  may  be  acute  or  chronic, 
the  acute  form  is  usually  subdivided  into  the  acute  hemorrhagic  and 
acute  suppurative ; a gangrenous  type  is  also  recognized 

Acute  hemorrhagic  pancreatitis3 * * * *  results  from  the  same  causes  as  pan- 
creatic apoplexy  referred  to  above.  German  and  Christian  have  re- 
ported a case  m which  inflammatory  phenomena  without  hemorrhage 
were  present.  Opie  believes  that  pancreatic  hemorrhage  and  hemor- 
r Pancreatitis  cannot  be  separated.  All  are  agreed  that  acute  pan- 
creatitis is  essentially  hemorrhagic.  Many  are  convinced  that  hemorrhage 
never  arises  independently  of  inflammation,  and  if  the  embolic  and 
traumatic  cases,  and  occasional  instances  of  arteriosclerotic  hemor- 
rhage, are  excluded,  I am  willing  to  subscribe  to  the  prevailing  opinion 
Microscopically,  acute  hemorrhagic  pancreatitis,  prior  to  the  occurrence 
01  hemorrhage,  possesses  no  distinctive  character  by  which  it  can  be  dif- 
ferentiated from  digestive  changes  occurring  in  the  organ.  In  the  case 
studied  by  Germain  and  Christian  the  pancreas  appeared  normal.'  Hem- 
orrhage rapidly  ensues,  and  the  picture  is  then  indentical  with  that  of 
pancreatic  apoplexy  described  above.  In  addition  to  the  enlargement  of 

1 Rif-  Med.,  Aug.  23,  1004. 

/ifrSn  upon  Pancreatitis,  Surg.,  Gynecol.,  and  Obstet.,  Dec.,  1908. 

Quenu  and  Duval,  Rev.  de  Chir.,  No.  10,  1905.  Lemoine  and  Lanasset  Son 

med.  des  Hop.,  Paris,  July  7,  1905.  Kindt,  Munch,  med.  Woch  March  7 too-’ 

To,457k  lhaM^J°ThnS  H°Pkins  HosP-  Bull->  vol.  xvi,  No.  176,  1 90c  Flexner’ 

1 ar' Jan  25.  1906,  p.  167.  Chiari,  Lancet,  April  28  1906  p I107’ 

Egdahl,  Johns  Hopkins  Hosp.  Bull.,  vol.  xviii,  No.  193.  Bornhaup’t  ArchPf  khn' 
Chir.,  lxxxn,  No.  1,  1907.  Williams  and  Busch,  Jour.  Med  Research  Oct  \ n^’ 

P-35-  ^augeret,  Cholecysto-pancreatite;  Essai  de  Pathogcnie  Paris  ’1008 ?)V’ 
and  Meakins,  Jour.  Exper.  Med.,  July  17,  1909,  p.  561.  °geme’  ans-  I9°8-  Opie 
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the  pancreas  and  the  diffuse  or  circumscribed  infiltration  by  blood  there 
occur  in  the  organ,  in  the  peripancreatic  fat,  and  in  the  fat  of  the  mes- 
entery, omentum,  and  abdominal  wall,  areas  of  fat  necros-s  such  as  are 
described  on  p.  245.  The  extent  and  size  of  the  necrotic  lesions  vary;  in 
the  mild  cases  there  are  but  few  points  of  necrosis,  in  other  instances 
large  areas  are  involved.  The  serum  of  the  general  peritoneum  is  usu- 
ally blood-tinged,  and  in  the  cavity  of  the  lesser  omentum  the  blood 
staining  is  commonly  marked.  If  the  patient  survive,  the  area  of  necrosis 
be  small,  and  the  escape  of  pancreatic  secretion  be  arrested,  ultimate 


Fig.  382. — Acute  Pancreatitis  with  Fat-necrosis.  (Douglas.) 

This  section  of  the  pancreas,  duct  of  Wirsung,  and  bile-duct  makes  evident  the  ease  with  which  the  bile 
may  enter  the  pancreatic  duct  when  a stone  becomes  lodged  in  the  papilla,  below  the  junction  of  the 
common  bile-duct  and  the  duct  of  Wirsung.  Retrojection  of  bile  into  the  duct  of  the  pancreas  is  a 
most  important  factor  in  the  production  of  pancreatitis.  A.  Areas  of  fat-necrosis  upon  the  surface 
of  the  pancreas.  B.  Areas  of  fat-necrosis  within  the  parenchyma  of  the  gland.  C.  Ductus  communis 
choledochus.  D.  Ductus  pancreaticus.  E.  Papilla  of  Vater,  opening  of  the  ducts  into  the  duodenum 
by  a common  aperture  after  junction  just  above. 


recovery  sometimes  occurs.  In  more  marked  cases,  when  the  patient 
lives  long  enough,  the  pancreas  softens,  and  becomes  dark  red,  purplish, 
and  eventually  slate  colored  or  black.  In  the  later  stage  infection  is 
almost  invariably  present,  inducing  a fetid  odor;  the  pancreas  has  become 
gangrenous,  and  the  lesion  is  now  called  gangrenous  pancreatitis.  The 
extent  of  the  pancreatic  and  contiguous  necrosis  is  determined  by  the 
size  of  the  area  originally  involved.  The  dead  tissue  may  lie  in  an  abscess 
cavity  formed  by  the  lesser  omentum,  or  in  rare  instances  the  suppu- 
rative and  necrotic  process  penetrates  the  intestine  into  which  it 
empties.  Acute  inflammation  of  the  pancreas  is  frequently  associated 
with,  and  is  usually  due  to,  cholelithiasis  and  inflammatory  conditions 
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affecting  the  bile-ducts.  The  splenic  enlargement  observed  in  some  cases 
ma\  have  arisen  independently  of  the  pancreatic  lesions  or  was  the  result 
or  sepsis.  . Thrombosis  of  the  splenic  vein  sometimes  follows  the  pan- 
creatic lesion  and  is  of  septic  origin. 

Acute  suppurative  pancreatitis  assumes  a number  of  forms,  depend- 
ing upon  the  source  of  infection  and  the  presence  or  absence  of  pre- 
\ ious  disease  of  the  organ.  It  may  be  a part  of  a general  sepsis,  in  which 
case  the  multiple  abscesses  scattered  through  the  organ  are,  of  course, 
due  to  the  deposit  of  infected  emboli.  In  other  cases  the  suppurative 
process  is  lestricted  to  the  pancreas,  and  may  be  secondary  to,  or  really 


Th»  szgss  s SrstriliWir  * 

changed*1  fat-'celis  ^e^rMen^ellZ?t^Fatlcefl 

which  the  necrosis  is  aF  * Arefs  i 


d escribed f'  The  w*6  hemo"rhaSi<:  gangrenous  pancreatitis  already 

described.  The  lesion  may  be  multiple;  a single  massive  abscess  or  one 

considerable  size  may  result  from  confluence  of  many  smaller  abscesses 

In  the  suppurative  pancreatitis  not  preceded  by  the  hemorrhagic  lesion' 

fat  necrosis  is  inconspicuous  or  absent.  The  abscesses  may  penetrate 

the  abdominal  cavity,  giving  rise  to  general  septic  peritonitis  ? or  thev 

may  be  evacuated  through  the  stomach  or  intestine;  it  is  possible  that 

heSbpHpPUrUr  eni  Collftlon  ma7  ^spissate.  The  author  has  seen  what 
he  believes  to  have  been  such  a condition.  The  suppurative  process 

may  be  more  or  less  chronic  m point  of  time,  and  sometimes  induces  a 
varying  amount  of  fibroid  change  in  the  gland  structure 
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Chronic  pancreatitis,1  pancreatic  sclerosis,  indurative  pancreatitis,  and 
pancreatic  fibrosis  are  names  given  to  a chronic  process  involving  the 
pancreas  and  associated  with  the  formation  of  a noteworthy  amount 
of  fibrous  tissue. 

Causes. — The  lesion  may  be  congenital  or  may  be  seen  so  soon  after 
birth  as  to  lead  to  the  belief  that  it  must  have  been  in  progress  during 
intra-uterine  life.  Such  fibroid  changes  are  probably  secondary  to  con- 
genital syphilis.  The  cause  of  the  lesion  in  adult  and  middle  life,  after 
which  time  it  becomes  more  conspicuous,  is  probably  duodenal  catarrh 
and  subacute  or  chronic  catarrhal  inflammation  of  the  pancreatic  ducts. 
The  changes  observed  by  Hoppe-Seyler2  in  the  arteriosclerotic  pancreas 
properly  belong  with  this  group. 


Fig.  384. — Pancreas  Showing  Increase  of  Fibrous  Tissue.  Chronic  Interstitial  Pancreatitis. 
A,  A.  Areas  of  hemorrhage.  B,  B.  Immature  gland  cells  (bodies  of  Langerhans) . C.  Gland  acinus. 
D,  D,  D,  D,  D.  Fibrous  tissue;  the  areas  of  rhexis  (A,  A)  are  also  in  the  fibrous  tissue.  (From  a case 
of  congenital  syphilis.) 


Morbid  Anatomy. — The  amount  of  fibrous  tissue  may  be  such  as 
distinctly  to  increase  the  size  of  the  organ.  In  most  cases-,  however, 
there  is  contraction,  with  atrophy  of  the  glandular  structures,  and  in- 
duration of  the  entire  organ,  or  only  a part  of  the  pancreas  may  be  in- 
volved. The  tissue  resists  incision,  and  may  be  sufficiently  fibroid  to 
creak  under  the  knife.  Occasionally  it  is  calcareous.  The  duct  may 
be  normal  or  dilated.  The  pancreas  is  sometimes  reduced  to  one-fourth 
or  one-fifth  of  its  normal  weight.  Histologic  examination  of  the  organ, 
when  chronic  interstitial  inflammation  is  present,  discloses  a notable 
increase  in  the  interstitial  tissue.  In  some  cases  it  may  be  possible 
to  surmise  the  origin  of  the  condition  by  the  location  of  the  added  fibrous 
tissue.  When  the  irritation  giving  rise  to  the  fibrosis  has  resulted  from 
obstructive  lesions  in  the  ducts,  the  sclerosis  is  most  marked  around 

1 Thoinot  and  Delamare,  Arch,  de  Med.  Exper.  et  d’Anat.  path.,  March,  1907. 
Opie,  Med.  Record,  Jan.  xi,  1908^.79.  Sailer,  Amer.  Jour.  Med.  Sci.,  Sept.,  1910, 
p.  330. 

2 Deut.  Arch.  f.  klin.  Med.,  Bd.  lxxxi,  p.  119. 
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these  structures.  In  the  older  areas  the 'fibrous  tissue  is  dense;  when 
the  lesion  is  progressing,  the  new  tissue  is  cellular,  containing  lymphoid 
and  plasma  cells  and  sometimes  eosinophiles.  Opie  distinguishes  a 
chronic  interlobular  pancreatitis  in  which  the  new  tissue  is  most  con- 
spicuous between  and  around  the  lobule,  not  affecting  the  islands  of 
angeihans;  at  most  these  structures  are  involved  late,  often  after  the 
acini  are  almost  entirely  destroyed.  The  second  form  described  by  Opie 
he  calls  chronic  interacinar  pancreatitis.  In  this  type  the  sclerosis 
around  the  lobules  is  less  marked,  the  fibrosis  contiguous 'to  the  islands 
ol  Dangerhans  is  intense,  and  within  the  latter  structures  connective- 
tissue  proliferation  also  occurs.  Pearce1  has  shown  that  the  islands 
ol  Langerhans  are  unaffected  by  the  advanced  interstitial  change  occur- 
ring m the  chronic  pancreatitis  due  to  congenital  syphilis. 


Evidently  just  nrior  ta^pp+h'  ^CA^.RE:'S'  Chronic  Interstitial  Pancreatitis. 

Notably  increased  fibrous  trabecula;"  £?*  Bg°Two  ^ multlple  hemorrhages  formed.  A,  A,  A. 
the  field  C C C Arppc  nf  „,irelUte'  • u PY°  of  %e  numerous  bodies  of  Langerhans  shown  in 
the  acini  are’un’dergoing  atrophy  P hemorrhage'  D‘  Nearly  normal  acinus;  near  center  of  field 


r .,  6 Pancreas  in  Diabetes.2— The  discovery  that  complete  removal 
the  pancreas  m animals  resulted  in  diabetes,  and  the  established  fact 
that  m many  diabetics  important  structural  changes  could  be  found  in 
the  pancreas  ed  to  the  hope  that  definite  pancreatic  morbid  anatomy 
c juld  be  established  for  this  disease.  Many  observers  have  shown  that 

i?nvolvincrmthphe  1SlandS  °f  La^erhans-  and  chronic  atrophic  processes 
i Pancreas  may  be  associated  with  diabetes;  others  have 

!n  }yPlcal  diabetes  the  pancreas  appears  unaffected.  The 
influence  on  Lb^^  This  proc^may^ 

, fig  r i^dfo?iigLhdinSase  of  the  organ' notabiy  by  iesions  in™h- 

1 Amcr.  Med.,  Dec.  26,  1903,  also  Albany  Med.  Annals  Ian  mm  r,  sq 

2 Karakascheff,  Deut.  Arch.  f.  klin.  Med  root;  Bd  lxxxii  88'-ir-  , 

! Bd-  “X*™.  H.  .906,  p.  228.  klbndH™  Amer  JouTSk  S^' 

Oct.,  1907.  Cecil,  Proc.  New  York  Path.  Soc.,  Dec.,  1908  Amer’ Jour‘  Med-  bci- 
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Pancreatic  calculi1  are  produced  by  causes  similar  to  those  opera- 
tive in  the  formation  of  gall-stones.  As  the  pancreas  possesses  two 
ducts,  obstruction  and  consequent  stone  formation  are  less  frequent. 
The  calculi  are  oval  or  elongated,  and  sometimes  branched,  like  coral. 
In  the  case  reported  by  Schupmann  the  concretion  was  6 cm.  long  and  i 
cm.  thick;  300  have  been  observed  in  one  case.  They  are  composed 
of  cellular  detritus,  phosphate  and  also  carbonate  of  lime,  and  often 
contain  bacteria.  In  seventy-two  cases  of  diabetes  studied  by  Hanse- 
mann  pancreatic  calculi  were  present  in  twelve.  They  may  give  rise 
to  abscess  formation  and  sinuses  and  be  discharged'  externally.  The 
associated  obstruction  and  inflammation  of  the  duct  often  induce  a 
chronic  interstitial  pancreatitis. 


Pig.  386. — Pancreas,  Chronic  Interstitial  Pancreatitis  Due  to  Congenital  Syphilis. 

A.  Capsule  of  pancreas.  B.  Area  of  but  slightly  altered  acini.  C.,  C.  Young  fibroblasts  in  the  midst  of 
areas  of  fibrous  tissue  production.  D.  Small  hemorrhage.  E.  Cells  of  disappearing  acini. 

Syphilis  of  the  pancreas2  is  not  a common  affection.  The  chronic 
pancreatitis  of  hereditary  syphilis  I have  described  above.  Accom- 
panying that  form  of  lues  gummata  are  occasionally  observed.  Syph- 
ilitic endarteritis  may  produce  sclerosis  in  the  adult  pancreas.  Ter- 
tiary syphilis  is  sometimes  manifested  by  the  presence  of  syphilomata, 
which  may  obstruct  the  pancreatic  duct  or  bile-duct;  Trinkler  suggests 
that  this  is  the  cause  of  jaundice  occasionally  seen  in  syphilis. 

Tuberculosis  of  the  pancreas  is  infrequent  and  probably  is  never 
primary.  In  disseminated  miliary  tuberculosis  the  pancreas  is  not 
always  affected,  and  even  when  tubercles  are  present,  they  are  rarely 
abundant.  Caseous  areas  are  sometimes  found,  and  extending  tuber- 
culosis of  contiguous  lymph-nodes  may  penetrate  the  organ. 

Tumors  of  the  pancreas3  are  uncommon;  in  13,000  autopsies  there 
were  133  cancers,  2 sarcomata,  1 adenoma,  2 cysts,  and  1 syphiloma. 
The  most  important  of  these  tumors  are  the  carcinomata,  which  may 
be  primary  or  secondary.  It  is  probable  that  most  of  the  primary 

1 Moynihan,  Lancet,  Aug.  9,  1902,  p.  355.  See  also  Pende,  Policlinico,  1905,  p. 
1 1 2,  and  La  Presse  Med.,  April  8,  1905,  p.  224. 

2 Trinkler,  Deut.  Zeit.  f.  Chir.,  Bd.  lxxv. 

3 Nicholls,  Jour.  Med.  Research,  1902,  vol.  viii,  No.  2,  p.  385. 
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cancers  begin  in  the  head  of  the  organ,  although  at  autopsy  practically 
all  of  the  pancreas  is  often  involved.  In  many  of  the  cases  it  is  impos- 
sible to  determine  the  exact  origin1  of  the  neoplasm;  the  definitely  cylin- 
dric-cell  epitheliomata  probably  arise  from  the  ducts;  the  glandular 
cancers  are  presumably  from  the  epithelium  of  the  acini.  Carcinomata 
of  the  scirrhous  type  are  probably  the  most  frequent.  Secondary  car- 
cinomata^ of  the  pancreas  result  from  extension  of  primary  growths 
situated  in  the  stomach,  duodenum,  the  ampulla,  or  biliary  ducts.  Me- 
tastases  by  the  blood  and  lymph  streams  are  less  common.  The  occur- 
rence of  diabetes  in  pancreatic  cancer  is  attributed  to  neoplastic  destruc- 
tion of  the  islands  of  Langerhans.2 

Cysts  of  the  pancreas2  are  divided  into  those  arising  within  the  gland 
true  pancreatic  cysts  and  cysts  situated  in  the  neighborhood  of  the 
pancreas  pseudopancreatic  cysts.  The  first  of  these  include  the  re- 
tention cyst  pancreatic  ranula — congenital  cystic  disease  of  the 
pancreas,  cystadenoma  of  the  pancreas,  and  hydatid  cysts  involving 
r6  ®r£an'  Pancreatic  ranula  may  develop  as  a monolocular  cyst,  near 
the  duodenum,  or  a series  of  dilatations  distributed  along  the  duct  of 
irsung.  If  the  pancreas  possess  its  normal  number  of  ducts,  a reten- 
tion cyst  is  rarely  formed.  Small  cysts  occupying  the  lobules  of  the 
oigan  -acne  pancreatica  result  from  obstruction  of  the  smaller  ducts. 

ongemtal  cystic  disease  of  the  pancreas  is  a rare  affection,  often  as- 
sociated with  similar  formations  in  the  kidneys  and  liver.  The  cause 
of  the  condition  is  unknown;  the  cysts  are  usually  multilocular,  and 
the  entire  organ  may  be  involved.  Cystadenomata  (p.  363)  are  definite 
neoplasms  of  the  pancreas  and  are  rare;  the  cavities  may  contain  pap- 
ular} masses  and  but  little  fluid.  Pseudopancreatic  cysts  result  from 
liquefaction  necrosis,  hemorrhage  in  noninflammatory  exudates  situated 
m the  penpancreatic  tissues,  and  include  fluid  accumulations  in  the 
lesser  peritoneal  cavity.  Some  of  the  pseudocysts  communicate  with 
t e pancreas,  and  probably  a few  of  them  are  the  direct  consequence 
of  pancreatic  disease.  They  are  frequently  the  result  of  injury,  and 
when  due  to  this  cause,  are  called  traumatic  pancreatic  cysts.  The  con- 
tained fluid  is  highly  albuminous  and  often  bloody.  Cysts  arising  from 
or  communicating  with  the  pancreas  usually  contain  one  or  more  of  the 
dWe  ferments  manufactured  by  the  organ.  In  the  case  reported 
U-  T.lps  the  was  dear  and  possessed  a specific  gravity  of  1.002 
which  is  exceptionally  low.  It  is  usually  brown  or  chocolate  colored* 

sometimes  contains  clots  of  blood,  and  is  nearlv  always  alkaline  in  re- 
action. 


1 Falozzi,  Ziegler’s  Beitr.,  Bd.  xxxiv,  H.  2,  p.  iqo. 
s Pearce,  Amer.  Jour.  Med.  Sci.,  Sept,  1904,  p.  478. 

3 Park,  Amer.  Med.  June  13,  1903,  p.  949.  Lazarus,  Zeit.  f.  klin  Med 
vol.  li.  Gouraud,  Gaz.  des  Hop.  Civils  et  Militaires,  April  2,  1904.  Robson  Lancet’ 
April  2,  1904,  p.  on  Homgmann,  Deut.  Zeit.  f.  Chir.,  lxxx,  Nos.  x and ’2  Hil- 

flxSrH  \irCT  ' frCh-’  Bd-  dXXXi’  H'  2’  I9°5’  P'  276-  Edling>  Virch.  Arch.,  Brl. 
CiXXXll,  41.  3,  1905,  p.  1 10.  ’ 
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CHAPTER  XIII. 

DUCTLESS  GLANDS. 


THYROID  GLAND.1 

Normal  Histology.— The  thyroid  gland  as  found  in  the  adult  is  com- 
posed ot  vesicles  or  follicles,  round  or  oval,  measuring  from  35  ft  to  12s  fi 
m lame  er.  The  epithelial  wall  of  the  follicle  is  formed  by  a single 
y 61  ,°r  co  umnar  epithelium.  These  cells  var}^  in  height,  and  are 
placed  directly  upon  a slightly  condensed  connective-tissue  layer,  which 
coes  not  possess  the  usual  characters  of  a basement  membrane.  The 
follicles  contain  a homogeneous  colloid  body,  which  gives  slightly  different 
reactions  even  m adjacent  follicles,  constituting  two  forms  of  the  sub- 
stance, known  as  clear  and  dark  colloid.  There  is  an  unusually  rich 
upp  y o ood-vessels  and  lymphatics;  the  vascularity  of  the  gland  is 
so  arranged  that  the  amount  of  blood  varies  even  under  normal  con- 
ditions, m the  presence  of  several  pathologic  processes  the  normal  vessels 
enlarge,  possibly  new  vessels  are  formed,  and  the  blood  content  of  the 
organ  is  proportionately  enhanced.  The  acini  are  surrounded  by  a rich 
capillary  network  m which  blood  and  also  lymphatic  capillaries  partici- 

flucM*lp°Si|ti0n  and  Malformation  of  the  Thyroid.— The  gland  may  be 
c sen  , on  y one  lobe  is  sometimes  present.  The  isthmus  is  frequently 
abnorma!;  it  occasionally  consists  of  a narrow  band  of  fibrous  tissue 
1 which  there  is  no  thyroid  structure.  In  other  instances  it  forms 
the  base  of  a pyramidal  lobe  extending  upward  along  the  anterior  sur- 

rWf  0Vhe  *rachea-  Allowing  the  course  of  the  normally  obsolescent 
luct,  along  the  course  of  the  latter  structure  irregular  masses  of  thy- 
roid tissue  are  sometimes  present.  Aberrant  masses  of  thyroid  tissue 
ate  occasionally  observed;  they  may  be  along  the  track  of  the  thyro- 

dU^  *2  the.tracheal  submucosa  (p.  580),  in  the  submaxillary 
the  floor  oi  the  mouth,  m the  mediastinum,  and  at  almost  any 
J,'  J 1T\  tde  neck.  The  aberrant  thyroid  tissue  may  represent  the  entire 

u?  ^enle  sh?uld  aot  be  amoved  until  the  surgeon  has  assured 
himself  that  other  thyroid  tissue  is  present.2  Such  misplaced  thyroids 
may  give  rise  to  ectopic  goiter— lingual  goiter,  tracheal  goiter,2  sub- 
maxdlary  goiter,  and  mediastinal  goiter.  The  thyroglossal  duct  may 
persist  and,  it  patulous,  constitutes  a thyroglossal  fistula;  when  closed 

Edmunds,  Jour.  Path,  and  Bact.,  Oct.,  1907.  Levi  and  Rothschild  Ftndpc 
sur  la  Physio-pat  hologie  du  Corps  Thyroide  et  de  Hypophvse  Paris  J(J08 

SraThet  Au/giCniC  ^r  ’ ^ 4,?'  °Tct’  JounPharm  lnd 

xper  iherap.,  Aug.,  1910.  Grey  and  Sautelle,  Jour.  Exper.  Med  Seot  2 rnno 

mg,  Jour.  Exper.  Med.,  Sept.  2,  1909.  Carlson  and  Woelfel,  Amer.’ Jour  Physiol9’ 
April  x,  1910,  p 32  Manne  and  Lenhart,  Arch.  Intern  Med.,  April  1 c iQI  [ J 6’ 
-Discuss^n  hy  Patou  and  also  Spencer,  Clin.  Soc.  of  London  Feb  10 Voo\  Brit' 

VirchJ  Arch  Bd  cciThP2,3i597ii  An"alS  °f  Sufgery>  Jan'  ^ Schilder', 

J Ferguson,  N.  Y.  Med.  Jour.,  Aug.  13,  1904,  p.  289 

Dec.  Mett"  June  **  ,9°'-  CorniI  and  Schwartz,  Revue  de  Chir., 
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at  both  ends,  a cavity  containing  modified  thyroid  secretion,  and  called 
a thyroglossal  cyst,  occasionally  develops.  Abnormally  placed  goiters, 
which  undergo  carcinomatous  transformation,  are  known  as  ectopic 
thyroid  cancers.  Absence,  atrophy  or  ectopia  of  the  thyroid  is  occasion- 
ally accompanied  by  enlargement  of  the  parathyroids. 

Anemia,  Hyperemia,  and  Congestion  of  the  Thyroid. — Of  a purely 
local  anemia  involving  the  thyroid  but  little  is  known.  Hyperemia  is 
present  in  acute  inflammatory  processes,  aside  from  which  we  have  also 
an  unusual  vascular  congestion,  partly  hyperemic  and  partly  conges- 
tive, constituting  the  so-called  vascular  goiter.  Congestion  of  the 


Fig.  387. — Thyroid  Gland,  Absence  of 
Isthmus.  ( Marshall , courtesy  of  Dr. 

Richardson.) 


Fig.  388. — Thyroid  Gland,  Large  Pyramid, 
So-called  Pyramidal  Lobe.  ( Marshall , 

courtesy  of  Dr.  Richardson.) 


thyroid  may  be  a part  of  general  venous  distention  occurring  in  cardiac 
diseases  with  failing  circulation.  There  is  also  evidence  of  its  presence, 
as  previously  indicated,  in  vascular  goiter. 

Atrophy  of  the  thyroid  undoubtedly  occurs,  but  the  exact  factors 
influential  in  establishing  this  condition  are  but  poorly  understood. 
It  is  not  improbable  that  inflammatory  and  productive  processes  in- 
duce a sclerosis  analogous  to  that  seen  in  other  secreting  organs  with 
which  we  are  more  familiar.  In  further  support  of  this  view  is  the 
well-known  fact  that  occasionally  cases  of  thyroid  enlargement  associated 
with  exophthalmos,  tremors,  and  rapid  cardiac  action  (Graves’s  disease) 
show  a progressive  diminution  in  the  size  of  the  thyroid,  which  after- 
ward remains  small.  The  phenomena  brought  about  by  progressive 
atrophy  of  the  organ  usually  are  identical  with  those  seen  after  the 
removal  of  the  thyroid  gland,  the  results  of  which  have  been  studied 
in  man,  monkeys,  and  other  animals. 
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The  phenomena  occurring  in  the  patient  are  somewhat  different 
when  the  thyroid  gland  has  never  been  present — a condition  constitut- 
ing sporadic  cretinism,1  or  congenital  myxedema. 

The  general  disturbances  of  nutrition  and  arrest  of  development 
are  usually  not  evident  at  birth,  but  commonly  manifest  themselves 
within  the  first  year.  The  stunted  growth,  which  particularly  involves 
the  long  bones,  associated  with  thickening  of  the  cranial  bones,  mus- 
cular weakness,  intellectual  deficiency,  overgrowth  of  the  subcuta- 
neous tissue — which  may  be  myxedematous — with  yellowish,  dry  skin, 
brittle,  scanty  hair,  protruding  lips,  thickened  tongue,  and  more  or  less 


Fig.  389- — Thyroid  Gland  Showing  Double 
Pyramid.  ( Marshall , courtesy  of  Dr. 

Richardson.) 


Fig.  390. — Thyroid  Gland,  Absence  of 
Isthmus  with  Pyramid  on  Left  Side. 
( Marshall , courtesy  of  Dr.  Richardson.) 


salivation,  comprise  the  clinical  and  pathologic  picture.  Cretins  rarely 
attain  a height  of  five  feet,  and  sometimes  do  not  exceed  three  feet. 

Closely  resembling  the  condition  just  mentioned  are  the  tissue  and 
nutritive  changes  resulting  from  destructive  processes  attacking  the 
thyroid  gland.  The  destruction  may  be  due  to  the  occurrence  of  cysts, 
to  fibrous  deposits,  or  to  tumor  invasion,  and  constitutes  a part  of  the 
j anatomic  basis  of  the  disease  called  myxedema.2  Myxedema  usually 
occurs  later  in  life;  ninety  per  cent,  of  the  cases  are  in  women.  The 
tissue  changes  resemble  those  seen  in  sporadic  cretinism,  except  that  the 
further  development  of  the  body,  which  may  be  completed,  considerably 
alters  the  picture.  There  is  a more  conspicuous  thickening  of  the  subcu- 
taneous tissues,  with  dry,  rough,  or  scaly  skin,  broad  and  flattened  digits, 
thick  and  overhanging  lips,  mental  dullness,  and  evident  poor  nutrition 

1 Ewald,  Die  Erkrank.  d.  Schilddriise,  Myxoedem  u.  Kretinismus,  1909. 

2 Abrikossoff,  Virchow’s  Arch.,  Sept.  1,  1904,  Bd.  clxxvii,  p.  426.  Russell,  Johns 
Hopkins  Hosp.  Bull.,  June,  1904.  Pineles,  Wien.  klin.  Woch.,  Oct.  23,  1902,  p.  1120 
Bayon,  Neurolog.  Centralbl.,  April  16,  1904.  Howard,  Jour.  Amer.  Med.  Assoc 

' April  13,  20,  27,  1907.  Nichols,  Jour.  Amer.  Med.  Assoc.,  April  10,  1909,  p.  1162.  ’ 
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of  the  hair,  already  mentioned  as  present  in  cretinism.  The  mucous 
membranes  and  submucous  tissues  show  changes  resembling  those  noted 
in  the  skin.  There  is  submucous  tumefaction,  particularly  marked  in 
the  lips,  mouth,  and  tongue,  and  sometimes  in  the  palate.  (See  p.  237.) 
The  teeth  become  carious,  and  sometimes  fall  out.  It  is  well  known 
that  absence  of  the  thyroid  is  commonly  associated  with  mental  hebetude, 
and  consequently  one  would  expect  to  find  important  histologic  changes 
in  the  central  nervous  system;  the  structural  alterations  observed,  how- 
ever, are  not  always  the  same,  nor  are  they  constantly  present.  Bayon 
described  hyaline  changes  in  the  vessels  of  the  cortex  without  conspicuous 
abnormality  in  the  ganglion  cells;  other  observers  mention  vacuoliza- 
tion, pigment  changes  in  the  Nissl  bodies  (tigrolysis) , and  alterations  in 
the  chromatin  ( chromatolysis ) of  the  ganglion  cells;  edema  and  occa- 
sionally hemorrhage  may  be  present. 


Fig.  391. — Intrathoracic  Goiter  Developed  from  Ectopic  Thyroid.  ( Dittrich , courtesy  of  Dr. 

Richardson.) 


Cachexia  Strumipriva  (Postoperative  Myxedema). — As  a result  of  the 
clinical  observations  of  Kocher,  Reverdin,  and  others,  and  the  experi- 
mental research  of  Horsley,  Edmunds  and  Vassale,  and  Generali,  it  was 
recognized  that  total  ablation  of  the  thyroid  is  followed  by  phenomena 
resembling  those  seen  in  cretinism  and  myxedema.  The  occurrence  of 
this  condition  is  dependent  upon  the  more  or  less  complete  removal  of 
the  thyroid  and  parathyroids;  the  resulting  disease  is  evidently  due  to 
the  absence  of  thyroid  function,  as  indicated  by  the  fact  that  grafting 
of  thyroids  into  the  thyroidectomized  animals  leads  to  the  disappearance 
of  the  symptoms,  and,  further,  that  the  administration  of  thyroid  extract 
in  this  condition,  as  well  as  in  cretinism  and  myxedema,  arrests,  or  at 
least  greatly  modifies,  the  diseases  in  question.  Apparently,  these  condi- 
tions are  due  to  thyroid  inactivity,  insufficiency,  or  absence — and  are 
correctly  included  under  the  term  athyroidism,  for  which  term  athyreosis , 
athyroidation,  and  athyroidea  are  used  synonymously. 
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Hypertrophy  of  the  thyroid  will  be  considered  with  goiters  and  tumors 
of  the  gland. 

Infiltrations  and  Degenerations. — Aside  from  the  occasional  presence 
of  calcareous  material  in  the  thyroid  gland,  as  well  as  hyaline  substances 
and  bodies  resembling  lardaceous  material,  nothing  is  known  of  the 
special  forms  of  infiltration  and  degeneration  occurring  in  this  organ. 
Atrophied  and  fibroid  thyroids  frequently  contain  an  excess  of  adipose 
tissue,  the  deposit  of  which  appears  to  be  distinctly  secondary  to  the  loss 
of  gland-substance.  Degenerative  changes  are  constantly  present  in  the 
epithelium  lining  the  follicles;  their  significance,  however,  is  not  at 
present  appreciated. 


Fig.  392. — Cretin  Aged  Twenty-two  Years.  (Wagner,  courtesy  of  Dr.  Richardson.) 


r Of  thyroiditis,  strumitis,1  or  inflammation  of  the  thyroid  gland,  but 
little  is  known;  in  various  infections  and  toxic  conditions  an  acute  non- 
suppurative thyroiditis2  has  been  observed.  The  colloid  is  increased, 
proliferation  and  necrosis  of  the  gland  cells  occur,  the  interstitial  tissues 
are  edematous  and  may  contain  a few  leukocytes,  of  the  mononuclear 
types,  and  hemorrhagic  lesions  are  sometimes  present.  Roger  and 
Gamier  give  35  gm.  as  the  normal  weight  of  the  thyroid;  in  the  acute 

1 The  term  strumitis  is  often  used  for  inflammation  occurring  in  a goiter;  the 
changes  are  essentially  similar  to  those  observed  in  the  previously  normal  thyroid, 
and  attempts  to  distinguish  the  two  processes  have  been  unproductive. 

1 * - 2 Roger  and  Gamier,  La  Presse  Med.,  May  16,  1903,  p.  373,  and  Virchows  Arch., 
1903,  Bd.  clxxiv,  p.  14.  Bayon,  Centralbl.  f.  allg.  Path.,  Sept.  30,  1904,  p.  737.  de 
Quervain,  Mittheilungen  a.  d.  Grenzgebiet.  de  Med.  u.  Chir.,  1904,  Bd.  xiii,  H.  4 and  5, 
second  supplementary  band.  Weber,  Rev.  med.  de  la  Suisse  romande,  Scliutz, 
Wien.  med.  Woch.,  Aug.  29,  1908. 
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nonsuppurative  inflammations  the  gland  sometimes  weighs  50  gm.  to 
55  gm.  The  condition  is  more  frequent  in  infants  than  in  adults,  and 
has  been  studied  particularly  in  variola.  Acute  suppurative  strumitis,1 2 3 
also  called  acute  purulent  strumitis,  may  be  diffuse  or  localized;  the  latter 
is  called  thyroid  abscess.  The  causative  bacteria  may  reach  the  gland 
from  contiguous  structures  or  by  the  blood;  the  latter  form  of  the  infec- 
tion occurs  in  pyemia  and  usually  gives  rise  to  multiple  abcesses.  Thyroid 
suppuration  occurring  in  the  course,  or  as  a sequel,  of  an  infectious  dis- 
ease, especially  typhoid,  is  due  to  hematogenous  infection.  In  both  the 
diffused  and  circumscribed  suppurations  the  organ  is  enlarged,  tender, 
and  edematous.  When  the  infection  is  diffuse,  polymorphonuclear 
leukocytes  are  abundant  in  the  interstitial  tissue  and  may  penetrate 
the  acini  in  large  numbers.  A chronic  fibroid  interstitial  thyroiditis-  has 
been  described;  it  may  be  diffuse  in  the  interstitial  tissue,  or  restricted  to 
smaller  areas  (insular  thyroid  sclerosis).  In  some  cases  the  gland  acini 
are  enlarged  or  even  cystic;  in  other  instances  the  vesicles  are  small  and 
the  epithelium  wasted;  the  latter  type  corresponds  to  the  diffuse  sclerosis 
mentioned  when  discussing  atrophy  of  the  organ. 

Tuberculosis  of  the  thyroid1*  may  be  primary  or  secondary.  The 
former  is  usually  characterized  by  the  presence  of  caseous  or  fibrocaseous 
areas  in  the  gland,  and  is  exceedingly  rare.  Secondary  tuberculosis 
may  result  from  extension  of  lesions  primary  in  adjacent  structures, 
especially  the  lymph-nodes,  or  hematogenous  dissemination  of  the  bacillus, 
particularly  in  miliary  tuberculosis.  The  tubercle  bacillus  rarely  colonizes 
in  the  thyroid  gland;  Lebert  observed  tuberculosis  of  this  organ  in  seven 
per  cent,  and  Frankel  in  twelve  per  cent,  of  the  tuberculous  cadavers 
examined. 

Syphilis  of  the  thyroid4  is  exceedingly  rare:  the  cause  of  the  swelling 
sometimes  seen  in  secondary  syphilis  remains  undetermined.  According 
to  Davis  twenty  cases  of  gumma  of  the  thyroid  are  on  record.  A nodular 
enlargement  in  congenital  syphilis  has  been  described. 

Goiter,  struma,  and  bronchocele  are  terms  applied  to  certain  thyroid 
enlargements  of  obscure  origin.  The  condition  is  endemic  in  Switzer- 
land, certain  parts  of  France  and  Italy,  and  goitrous  centers  have  been 
observed  in  the  United  States  (Michigan,  Pennsylvania).  The  affection 
has  been  attributed  to  causes  arising  in  both  water  and  soil,  and  also  to 
atmospheric  conditions.  The  studies  of  Grassi  and  Munaron5  indicate  that 
goiter  is  due  to  poisons  elaborated  by  some  organism  inhabiting  the 
soil  and  living  outside  of  the  human  body.  The  growth  in  the  mediastinum 
may  be  continuous  with  a goiter  in  a normal  location,  or  may  be  isolated; 
the  former  is  called  cervical  goiter  with  intrathoracic  extension,  the  latter 
intrathoracic  goiter.0  The  intrathoracic  goiter  may  be  retrosternal , that 
is  between  the  sternum  and  the  trachea,  or  retrovasal.  The  retrovasal 
goiters  lie  behind  the  common  carotid  or  innominate  artery  and  the  great 

1 Deleuil,  These  de  Lyon,  1Q02.  Abrajanoff,  Chirurgia,  Feb.,  1002.  Krause, 
Berl.  klin.  Woch.,  Aug.  17,  1903,  p.  756. 

2 E.  Perrin  de  le  Touche  and  Marrice  Dide,  Soc.  de  Neurol.,  Paris,  Nov.  5,  1903; 
Revue  Neuro.,  Nov.  30,  1903,  p.  1120. 

3 Clairmont,  Wien.  klin.  Woch.,  Nov.  27,  1902.  Pupovac,  Wien.  klin.  Woch., 
Sept.  3,  1903,  p.  1012. 

4 Goulon,  Arch,  de  Med.  des  Enfants,  1904,  vii,  p.  36.  Davis,  Arch.  Intern.  Med., 
Jan.,  1910,  p.  47. 

Rendiconti  d.  r.  Accad.  dei  Lincei,  Jan.  17,  1904,  vol.  xiii,  p.  57. 

0 Kreuzfuchs,  Wien.  med.  Woch.,  July  17,  1909. 
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veins.  Several  varieties  of  the  affection  are  recognized.  In  parenchymatous 
goiter  the  affected  tissue  possesses  a structure  similar  to  that  of  the  normal 
organ,  although  empty  follicles  and  hyperplasia  of  the  interstitial  tissue 
are  more  abundant  than  in  health.  It  is  supposed  that  this  form  results 
from  an  increase  in  all  the  gland  elements,  and  hence  it  is  sometimes  called 
hyperplastic  goiter.  In  colloid  goiter  the  cavities  are  larger,  the  walls 
thinner,  and  the  increase  in  interstitial  tissue  less  conspicuous.  When 
the  dilated  gland  spaces  attain  considerable  size,  the  condition  is  sometimes 
called  cystic  colloid  goiter.  In  this  form  the  material  contained  within  the 


Fig.  393.— Unusually  Large  Cystic  Goiter.  (Redrawn  from  photograph.) 


cavities  is  unusually  rich  in  colloid  and  in  some  cases  mucin  is  present. 
The  walls  of  the  cysts  occasionally  calcify.  The  cysts  are  lined  by  epithe- 
lium which,  in  the  earlier  stages,  is  distinctly  of  the  low  columnar  type, 
but  later  becomes  flattened,  granular,  and  occasionally  fatty.  Fibroid 
goiter  is  recognized  by  the  large  amount  of  fibrous  tissue  that  it  con- 
tains. The  newly  formed  fibrous  element  may  be  uniformly  disseminated 
throughout  the  mass,  or  grouped  in  islands  irregularly  distributed  in  the 
goiter;  the  latter  type  is  sometimes  called  nodular  fibroid  goiter.  In  some 
forms  of  struma  hemorrhages  into  the  cysts,  or  interstitial  tissue,  occur, 
and  in  a way  justify  the  name  hemorrhagic  goiter.  In  other  cases  the 
goitrous  enlargement  is  composed  of,  or  contains  an  enormous  number 
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of  large  vessels,  usually  veins,  some  of  which  formed  a part  of  the  normal 
gland  and  others  are  newly  developed.  This  condition  is  called  vascular 
goiter,  or  telangiectatic  goiter.  Goitrous  enlargements  of  the  thyroid 
gland  may  inflame,  suppurate,  undergo  necrosis,  or  calcify;  the  process 
last  named  is  the  result  of  calcific  deposit,  usually  in  the  stroma  of  the 
mass.  Neoplastic  goiters  consist  of  definite  tumors  involving  the  thyroid; 
when  the  neoplasms  are  innocent,  the  enlargement  is  called  benign 
goiter.  The  same  term  is  also  applied  to  the  forms  of  thyroid  enlarge- 
ment, mentioned  above,  which  are  generally  regarded  as  distinct  from 
new  growths.  When  sarcoma  or  carcinoma  involves  the  gland,  the  con- 
dition is  called  malignant  goiter. 

A goiter  may  be  unilateral  or  bilateral,  or  involve  the  isthmus.  When 
arising  from  aberrant  thyroid  tissue,  occupying  an  abnormal  location, 


Fig.  394. — -Goiter  (Bilateral)  Causing  Compression  of  the  Windpipe  Producing  the  So-called 
“ Bayonet-shaped”  Trachea.  (Demme,  courtesy  of  Dr.  Richardson.) 

the  term  aberrant  or  ectopic  goiter  is  sometimes  used;  as  a rule,  however, 
it  receives  its  name  from  the  position  that  it  occupies — lingual  goiter, 
tracheal  goiter,  submaxillary  goiter,  mediastinal  goiter.  With  regard  to 
the  rapidity  with  which  an  enlargement  develops  it  is  possible  to  recognize 
acute  and  chronic  goiters.  In  the  simple  goiters  the  symptoms  pro- 
duced are  determined  by  the  influence  of  the  growth  on  contiguous 
tissues.  The  large  vascular  trunks  and  nerves  of  the  neck  may  be 
pressed  upon,  or,  what  is  more  common,  the  trachea  suffers.  It  may 
be  flattened  by  bilateral  or  median  growths,  or,  when  the  goiter  is  uni- 
lateral or  one  lobe  is  most  affected,  be  displaced  to  one  or  the  other  side. 
The  lumen  is  encroached  upon  by  an  annular  growth  or  bilateral  pressure, 
pressure  from  in  front  or  the  development  of  a thyroid  tumor  in  the  sub- 
mucosa (intratracheal  goiter) . Lingual  goiter  may  obstruct  the  pharynx 
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1 or  encroach  upon  the  laryngeal  opening.  Mediastinal  goiter  may  press 
upon  the  lower  trachea,  bronchi,  or  other  intrathoracic  structures.  The 
experimental  investigation  of  Wilms1  seems  to  establish  the  water- 
borne origin  of  goiter,  a view  long  maintained  by  many  experienced 
observers. 

Exophthalmic  goiter,2  also  called  Graves’s  disease,  or  Basedow’s  disease, 

is  an  affection  of  unknown  etiology,  usually  characterized  by  exophthalmos 
(prominence  of  the  eyeballs),  tachycardia,  a peculiar  form  of  muscular  tre- 
mor, and  enlargement  of  the  thyroid  gland;  one  or  more  of  these  so-called 
cardinal  symptoms  may  be  absent.  It  is  clearly  an  intoxication — a toxemia ; 


Fig.  395. — Exophthalmic  Goiter,  Basedow’s  Disease.  {Courtesy  of  Dr.  Richardson.) 

the  character  and  origin  of  the  poison  are  not  definitely  known,  but  the 
facts  at  our  disposal  indicate  that  it  is  some  product,  normal  or  abnormal, 
of  the  thyroid  gland.  When  an  excess  of  thyroid  secretion  is  absorbed' 
symptoms  resembling  some  features  of  Graves’s  disease  may  occur,  and 
constitute  what  is  called  hyperthyroidism  or  thyroidismus ; these  phenomena 
may  be  experimentally  produced,  follow  operations  in  which  thyroid  secre- 
tion escapes  into  the  wound,  or  be  due  to  other  injuries  of  the  gland.  In 
Basedow  s disease  the  blood  content  of  the  thyroid  is  increased,  and 

1 Deut.  Zeit.  f.  Chir.,  Jan.,  1910. 

2 Krocher,  Ueber  Morbus  Basedowi,  1902;  1423  references.  Ewing,  Trans. 
Assoc.  Araer.  Phys.,  xxi,  1906,  and  New  York  Med.  Jour.,  Dec.  1 and  8,  1906. 
Landstrom,  Ueber  Morbus  Basedowii,  Thesis,  Stockholm,  1907.  Wilson,  Amer. 
Jour.  Med.  Sci.,  Dec.,  1908.  Rogers  and  Beebe,  Arch.  Intern.  Med.,  Nov.  i’c  1908^ 
Mumford,  Boston  Med.  and  Surg.  Jour.,  June  2,  1910. 
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hyperplasia  of  the  epithelium  of  the  acini  is  usually  present,  although 
there  is  no  absolutely  constant  anatomic  alteration  in  the  gland.  Mac- 
Callum  and  Cornell  conclude  that  no  adequate  explanation  has  been  given 
for  the  exophthalmos. 

Tumors  of  the  Thyroid. — Adenomata  are  occasionally  observed;  they 
are  usually  single  and,  as  a rule,  encapsulated;  they  are  sometimes 
cystic  with  papillary  growths  in  the  interior  (papillary  cystadenoma) . 
Low1  has  been  able  to  collect  ten  such  cases.  Cancer2  of  the  thyroid 
may  be  primary  or  secondary.  The  former  is  usually  encephaloid  and 
frequently  grows  rapidly,  constituting  the  most  fatal  form  of  malignant 
goiter.  Thyroid  carcinoma  is  most  frequent  in  goitrous  glands;  two- 
thirds  of  the  patients  are  women.  In  the  earlier  stages  the  growth  is 
within  the  capsule  of  the  organ,  but  later  it  extends,  involving  the  trachea 
and  sometimes  the  esophagus.  In  over  half  the  cases  enlargement 
of  the  cervical  lymph-nodes  occurs.  Secondary  cancer  involves  the 
organ  as  a result  of  extension  of  a primary  growth  arising  in  the  larynx, 
pharynx,  trachea,  branchial  vestige,  or  other  contiguous  structure. 
Fibromata,  chrondromata,  and  osteomata  are  rare  tumors  of  the  thyroid. 
Sarcoma  is  an  infrequent  thyroid  tumor  occurring  about  one-fourth 
as  often  as  cancer;  of  the  fifty-three  cases  collated  by  Lartigau,3  thirty- 
five  occurred  in  goitrous  glands.  Round  and  spindle,  or  mixed  cell 
sarcomata  are  the  most  common.  In  certain  tumors  of  the  thyroid  it  is 
impossible  to  decide  whether  the  growth  is  a sarcoma  or  a carcinoma; 
these  neoplasms  have  received  the  name  mixed  tumors1  or  carcinosarco- 
mata  of  the  thyroid. 

Dermoid  cysts  in  the  thyroid  have  been  observed.  Hydatids5  of  the 
organ  occur,  but  are  extremely  rare;  twenty-five  cases  are  recorded. 

Thyroid  metastasis6  is  an  extremely  interesting  condition  character- 
ized by  the  development  of  new  growths  composed  of  typical  thyroid 
tissue  in  structures  distant  from  the  gland.  In  some  instances  the 
thyroid  is  not  enlarged.  The  tumors  are  usually  nonmalignant,  and  as 
a rule  involve  bones.  In  seven  of  the  eighteen  reported  cases  the  cranium 
was  affected;  fourteen  of  the  patients  were  women. 

PARATHYROID  GLANDS.7 

Anatomy. — Usually  the  parathyroids  consist  of  superior  and  inferior 

1 Boston  Med.  and  Surg.  Jour.,  Dec.  3,  1903. 

2 Delore,  Rev.  de  Chir.,  May  10,  1904,  p.  680. 

3 Amer.  Jour.  Med.  Sci.,  Aug.,  1901. 

4 Loeb,  Amer.  Jour.  Med.  Sci.,  Feb.,  1903. 

5 Rollet,  These  de  Lyon,  1902  and  1903,  No.  163. 

6 Hollis,  Lancet,  March  28,  1903,  p.  884.  Oderfeld  and  Steinhaus,  Centralbl.  f. 
allg.  Path.,  1903,  vol.  xiv,  p.  84.  Patel,  Rev.  de  Chir.,  March  10,  1904,  p.  398. 

7 Escherich,  Munch,  med.  Woch.,  No.  42,  1907.  Ginsburg,  Univ.  of  Penna.  Med. 
Bull.,  Jan.,  1908.  Geis,  Annals  of  Surgery,  April,  1908.  Thompson  and  Leighton, 
Jour.  Med.  Research,  July,  1908,  p.  12 1.  Thompson  and  Harris,  Jour.  Med. 
Research,  July,  1908,  p.  135.  Musser  and  Goodman,  Univ.  of  Penna.  Med.  Bull., 
May,  1909.  Halsted,  Jour.  Exper.  Med.,  Jan.  9,  1909.  Thompson,  Leighton  and 
Swarts,  Jour.  Med.  Research,  July,  1909  (two  articles).  Berkeley  and  Beebe,  Jour. 
Med.  Research,  Feb.,  1909.  Berard  and  Alamartine,  Lyon  Chirurgical,  Feb.  1,  1909, 
Glaserfeld,  Berl.  klin.,  Woch.,  Jan.  18,  1909.  Winternitz,  Johns  Hopkins  Hosp 
Bull.,  Sept.,  1909.  MacCallum  and  Voegtlin,  Jour.  Exper.  Med.,  vol.  xl,  No.  1, 
1909.  Forsyth,  Lancet,  Jan.  15,  1910,  p.  202.  Halpenny,  Surg.  Gynecol,  and 
Obstet.,  May,  1910,  p.  476.  Cooke,  Amer.  Jour.  Med.  Sci.,  Sept.  1910,  p.  404.  Grosser 
and  Betke,  Munch,  med.  Woch.,  1910,  lvii,  p.  2077.  Haberfeld,  Virch.  Arch.,  Bd. 
cciii,  H.  2,  1911,  p.  282. 
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pairs  situated  posteriorly  in,  on,  or  attached  to  the  thyroid  gland.  The 
number  varies,  as  many  as  six  have  been  described  and  occasionally 
only  one  is  demonstrable.  They  are  more  commonly  near  the  inferior 
thyroid  arteries  than  the  superior,  and  occasionally  are  some  distance 
from  the  thyroid  gland.  They  have  been  regarded  as  fetal  vestiges  and 
as  distinct  organs.  After  thyroidectomy,  hyperplasia  of  the  parathy- 
roids occurs. 

Parathyroidectomy  is  followed  by  an  excess  of  ammonia  in  the  blood, 
increased  excretion  of  ammonia  and  of  calcium,  reduction  in  the  amount 
of  calcium  in  tissues,  and  the  development  of  tetany. 


Pig.  396. — Hyperplasia  of  Parathyroid. 

A.  Parathyroid  tissue.  The  granular,  faintly  staining  cytoplasm  is  characteristic  of  the  cells  in  the  greater 
part  of  the  specimen.  B,  B.  Band  of  fibrous  tissue  separating  parathyroid  from  thyroid.  C.  Thy- 
roid structure  showing  near  the  fibrous  band  conspicuous  increase  in  connective  tissue  and  atrophy 
of  gland  parenchyma.  Two  of  the  more  perfect  acini  are  partly  filled  by  colloid 


Tetany  is  an  affection  characterized  by  painful  tonic  muscular  spasm 
most  marked  in  the  hands  and  feet  and  occurring  in  some  cases  of  rickets, 
gastric  and  colonic  dilatations  and  after  complete  removal  of  the  para- 
thyroids—tetania  parathyreoprivus.  In  both  gastric  and  parathyroid 
tetany  relief  follows  the  intravascular  administration  of  a soluble  lime 
salt,  and  it  is  well  known  that  rickets  manifests  marked  evidence  of 
perturbed  calcium  metabolism.  Berkeley  and  Beebe  have  shown  that 
strontium  and  barium  salts  are  as  efficacious  as  calcium  but  the  high 
toxicity  of  barium  renders  it  more  dangerous.  It  is  possible  that  the 
phenomena  following  parathyroidectomy  are  due  to  loss  of  some  de- 
toxifying function  or  the  absence  of  inadequacy  of  enzymes  necessary 
in  normal  metabolism.  Experimental  tetany  'produced  by  complete 
removal  of  the  parathyroids  is  improved  by  the  administration  of  para- 
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thyroid  or  by  parathyroid  grafting  and,  therefore,  resembles  athyroidism; 
postoperative  tetany  in  man  is  clearly  of  the  same  nature,  a hypopara- 
thyreosis,  or  status  parathyreoprivus  due  to  removal  of  the  parathyroid 
usually  in  operations  for  goiter. 

Hemorrhage  in  the  parathyroids  has  been  found  as  the  only  lesion 
explaining  death  preceded  by  convulsions  in  children. 

Tumors. — Berard  and  Alamartine  collected  twenty-nine  tumors 
of  the  parathyroid;  only  three  were  malignant;  most  of  the  enlargements 
were  hyperplastic  in  type — parathyroid  goiters.  Cysts  are  less  frequent. 

ADRENALS.1 

Malformation  and  Malposition. — The  adrenal  bodies  may  be  absent 
or  hypoplastic.  Accessory  bodies  are  occasionally  observed.  The 
supernumerary  bodies  may  be  near  their  normal  position,  or  they  may  be 
in  the  capsule  or  cortex  of  the  kidney,  in  or  near  the  internal  abdominal 


Fig.  397. — Section  op  Cortex  op  Kidney  Containing  Ectopic  Adrenal.  (Fixed  in  Heidenhain’s 
solution,  paraffin,  hematoxylin  and  Van  Gieson.  Obj.  16  mm.,  oc.  compensation  and  reduced  1/3.) 
A.  Capsule  of  kidney  extending  over  adrenal.  B,B,B.  Zona  glomerulosa.  C,C.  Zona  fasciculata.  D. 
Zona  reticularis.  E.  Capsule  projected  between  adrenal  and  kidney  cortex  partly  separating  the  two 
structures.  F.  Cavity  surrounded  by  Bowman’s  capsule,  external  to  which  is  adrenal  tissue.  G. 
Large  vein.  H.  Kidney  cortex.  I.  Imperfectly  developed  Malpighian  body. 


ring,  inguinal  canal,  about  the  spermatic  cord,  in  the  epididymis  or 
testicle,  and  in  or  near  the  ovary  or  broad  ligament;  they  are  also  occasion- 
ally found  in  the  liver.  Ectopic  adrenal  cells  constitute  the  histologic 
elements  from  which  hypernephromata  (p.  674)  arise. 

Atrophy  of  the  adrenals  is  sometimes  associated  with  fibroid  change, 

1 Minervini,  Jour,  de  l’Anatomie,  Sept,  and  Oct.,  1904.  Karakascheff,  Zieg. 
Beitr.,  1904,  Bd.  xxxvi,  p.  401.  Marchtti,  Virch.  Arch.,  1904,  Bd.  clxxvii,  H.  2,  p. 
227.  Schafer,  Brit.  Med.  Jour.,  May  30  and  June  6,  1908.  Lavenson,  Arch.  Intern. 
Med.,  Aug.,  1908.  Hornowski,  Virch.  Arch.,  1909,  cxcviii.  Philpot,  Quarterly  Jour, 
of  Med.,  Oct.,  1909,  p.  40.  Gautrelet  and  Thomas,  Semaine  Med.,  1909,  p.  212. 
Hecht,  Centralbl.  f.  allg.  Path.,  Bd.  xxi,  No.  6,  1910.  Goldzieher,  Wien.  klin.  Woch., 
June  2,  1910.  Rossle,  Munch,  med.  Woch.,  June  28,  1910,  p.  1380.  Kownatzki, 
Munch,  med.  Woch.,  July  19,  1910,  p.  1549.  Neusser  u.  Wiesel,  Die  Erkrankungen 
der  Nebennieren,  Wien,  1910.  Nowicki,  Virch.  Arch.,  Bd.  ccii,  H.  2,  1910,  p.  189. 
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may  result  from  pressure,  is  not  infrequently  marked  in  old  age,  and 
occasionally  is  secondary  to  inflammatory  processes  occurring  within  the 
gland  or  in  contiguous  tissues.  A simple  atrophy  has  been  described  in 
which  it  is  stated  that  the  organs  are  no  larger  than  peas.  Medulla  and 
cortex  may  be  equally  involved. 

Hypertrophy  of  the  adrenals  is  rare;  when  one  is  absent  or  hypoplastic, 
or  has  been  destroyed  by  disease,  the  remaining  organ  may  enlarge. 
According  to  Marchetti,  the  hypertrophy  is  restricted  to  the  cortex. 
In  patients  who,  during  life,  showed  high  arterial  tension  Philpot  and 
others  have  described  an  increase  in  the  chromaffin  substance  of  the 
medulla.  A similar  change  or  even  hyperplasia  has  been  noted  in  arterio- 
sclerosis with  and  without  nephritis  and  in  hypertensions  attended  by 
cardiac  hypertrophy. 


Fig.  398.  Section  op  Ectopic  Adrenal  Beneath  the  Peritoneum  and  Intimately  Attached  to 

the  Capsule  op  the  Liver. 

A,  A.  Capsule  of  Glisson.  B , B.  Zona  glomerulosa.  C,  C.  Zona  fasciculata.  D,  D.  Zona  reticulata. 

E,  E.  Peritoneal  surface. 

Infiltration  of  Adrenals. — A gland  otherwise  normal  may  show 
a small  amount  of  adventitious  pigmentation,  particularly  in  old  age. 
As  a rule,  the  pigment  deposit  does  not  involve  the  whole  organ,  but  is 
restricted  to  one  or  more  layers  of  the  cortex,  extending,  to  a certain  degree, 
into  the  adjacent  medulla.  Lardaceous  disease  may  affect  the  blood-vessels 
and,  to  a very  limited  extent,  the  connective  tissue  of  the  organ;  the 
iodin  and  microchemic  reactions  (p.  222)  are  best  seen  in  the  cortex. 
Calcareous  infiltration  occurs  in  chronic  infections  that  involve  the  gland, 
and  is  not  infrequently  present  without  any  evidence  of  inflammation 
or  tuberculosis. 

Degeneration  of  the  Adrenals. — Parenchymatous  and  fatty  degenerations 
have  been  described,  but  little  is  known  of  their  etiology  or  course.  The 
former  is  frequently  observed  in  infectious  processes. 

Hemorrhage  into  the  adrenals,1  or  the  adjacent  fat,  may  result  from 
trauma  and  is  sometimes  seen  in  intense  congestion.  It  is  particularly 

1 Munson,  Jour.  Amer.  Med.  Assoc.,  July  6,  1907,  p.  19.  Lissauer,  Virch.  Arch. 
July  1,  1908,  p.  137.  Hektoen,  Jour.  Amer.  Med.  Assoc.,  June  12,  1909. 


8l2 


SPECIAL  PATHOLOGY. 


frequent  in  the  new-born  and  in  children.  Toxic  conditions,  congenital 
syphilis,  septicemia,  pyemia,  and  gastro-intestinal  infections  proving 
fatal,  are  often  associated  with  hemorrhagic  infiltration  of  the  suprarenal. 
It  is  not  known  how  these  conditions  induce  the  hemorrhage;  it  has  been 
suggested  that  they  act  by  altering  the  endothelium  of  the  capillaries. 
The  condition  is  also  called  adrenal  apoplexy  and  is  sometimes  seen  after 
severe  burns,  in  which  case  it  is  apparently  due  to  the  accompanying 
toxemia.  It  may  be  diffuse  or  punctate,  and  sometimes  forms  a distinct 
hematoma.  The  changes  occurring  in  the  gland  after  hemorrhage  are 
not  fully  known.  It  is  possible  that  chronic  fibroid  induration  and 
cyst  formation  are  sometimes  the  result  of  interstitial  hemorrhages. 

Inflammation  of  the  adrenal,  adrenitis  or  epinephritis,  may  assume  an 
acute  or  a chronic  type.  Of  the  acute  form  but  little  is  known,  with  the 
exception  of  an  occasional  suppurative  lesion  secondary  to  infection  by 
means  of  the  blood  or  involvement  as  a result  of  the  extension  of  infection 
from  adjacent  suppurative  processes.  In  the  chronic  form  induration 
of  the  gland  occurs,  brought  about  by  the  production  of  new  fibrous 
tissue;  the  lesion  is,  therefore,  comparable  to  the  chronic  interstitial  in- 
flammations that  involve  other  glandular  viscera.  Sergent1  has  described 
a chronic  adrenitis  of  infectious  origin  and  attended  by  the  gradual  evolu- 
tion of  adrenal  insufficiency. 

Syphilis  of  the  adrenals  may  be  manifested  by  the  presence  of  gum- 
mata,  which  may  be  single  or  multiple;  occasionally,  a fibrosis  of  the 
organ  occurs  attributable  to  syphilis. 

Tuberculosis  of  the  adrenals  is  probably  the  most  frequent  disease 
to  which  the  organs  are  liable.  In  general  miliary  tuberculosis  the 
adrenal,  in  common  with  other  organs  of  the  body,  is  usually  affected. 
The  most  frequent  lesion  of  the  adrenal,  however,  is  chronic  fibrocaseous 
tuberculosis.  The  condition  may  be  primary,  but  in  a large  percentage 
of  cases  is  secondary.  The  tuberculous  deposit  usually  begins  in  the 
medullary  portion  as  scattered  tubercles,  which,  by  coalescing,  convert 
the  organ  into  a more  or  less  caseous  mass  with  a notable  increase  in  the 
fibrous  tissue  or,  not  infrequently,  extensive  calcareous  infiltration. 
The  tuberculosis  may  extend  from  the  gland  proper  to  the  surrounding 
tissues.  Elsasser2  found  that  in  eighty-nine  per  cent,  of  the  cases  of 
adrenal  tuberculosis  both  organs  were  affected. 

Tumors  of  the  Adrenals.3 — The  most  frequent  tumor  connected  with 
these  organs  is  the  hypernephroma  described  on  page  674.  It  is  usually 
stated  that  the  most  common  neoplasm  of  the  adrenals  is  an  adenoma; 
it  is  probable  that  some  of  these  gland-like  neoplasms  have  been  confused 
with  the  hypernephroma.  Adenomata  are  occasionally  more  or  less 
diffuse,  consisting  of  irregularly  outlined  nodules  in  the  gland  tissue; 
in  other  instances  the  tumor  is  sharply  circumscribed,  and  sometimes 
encapsulated.  Virchow  described  a form  of  adenoma  that  he  termed 
struma  lipomatosa  suprarenalis . Such  tumors  simulate  in  structure  the 
cortex  of  the  organ.  Cancer  of  the  adrenal  may  be  primary  or  secondary. 
Adult  connective-tissue  neoplasms  are  extremely  rare.  Sarcoma,  both 
primary  and  secondary,  occurs,  but  is  far  less  frequent  than  cancer. 

1 Arch.  Gen.  de  Med.,  1904,  No.  1. 

2 Arbeit,  a.  d.  Path.  Inst.  Tubingen,  1904,  Bd.  v,  H.  1. 

3 M’Cosh,  Annals  of  Surgery,  June,  1907,  p.  878.  Goupil,  These  de  Paris,  1908. 
Tileston  and  Wolbach,  Amer.  Jour.  Med.  Sci.,  Tune,  1908.  Lasagna,  Virch.  Arch., 
Bd.  cci,  H.  2,  p.  282,  1910. 
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The  cysts  observed  in  the  adrenals  may  result  from  hemorrhage  into  the 
gland,  substance  or  degenerative  changes  in  adenomata.  Hydatid 
cysts  in  the  substance  of  the  glands  are  occasionally  observed. 

Addison’s  Disease.1 — Associated  with  tuberculosis,  atrophy,  simple 
or  inflammatory,  neoplasms,  or  hemorrhage  into  the  adrenals,  there 
occurs  a,  series  of  clinical  phenomena  to  which  has  been  applied  the  name 
Addison’s  disease.  Although  essentially  a disease  of  adults  Felderbaum  and 
Fruchthandler-  report  twenty-five  cases  in  patients  under  fourteen  years  of 
age.  Tuberculosis  of  the  adrenal  bodies  is  the  lesion  most  frequently  found 
(about  75  per  cent,  of  the  cases).  Of  the  216  cases  collated  by  Vincelet, 
an  associated  pulmonary  tuberculosis  was  present  in  122;  other  organs 
were  often  involved.  In  addition  to  the  change  observed  in  the  adrenal 
glands,  a bronzing  of  the  skin  occurs,  due  to  a deposit  of  pigment  in  the 
Malpighian  layer.  The  cutaneous  pigmentation  is  not  uniformly  dis- 
tributed, but  is  usually  most  marked  on  the  exposed  parts.  A similar 
coloration  of  the  buccal  mucosa  may  be  present,  and  pigmented  areas 
occur  on  the  tongue.  The  intense  asthenia,  nervous,  muscular,  and  cardio- 
vascular phenomena  are  not  accounted  for  by  the  morbid  anatomy. 
The  disease  is  sometimes  observed  without  demonstrable  lesion  of  the 
adrenal  bodies.  Of  281  cases  examined  by  Lewin,  twenty  per  cent, 
showed  no  lesion  of  these  organs.  It  is  usually  held  that  the  phenomena 
are  caused  by  progressive  adrenal  inadequacy.  Abelous  has  shown 
that  in  twenty-four  hours  following  the  removal  of  the  adrenals  of  the 
frog  the  skin  becomes  much  darker.  The  color  is  restored  by  injecting 
0.1  mgm.  to  0.2  mgm.  of  adrenalin  into  the  lymph-sac;  the  restoration 
requires  about  eight  hours  for  its  full  development. 


THE  HYPOPHYSIS.3 


The  hypophysis  or  pituitary  body  is  an  organ  occupying  the  sella 
turcica  , and  attached  to  the  brain  by  a slender  pedicle.  The  normal 
weight  is  0.4  gm.  to  0.8  gm.  The  anterior  portion  is  glandular,  composed 
of  a richly  vascular  connective-tissue  network  surrounding  gland-like 
collections  of  epithelium.  A varying  number  of  the  cells  are  chromo- 
philic.  The  posterior  lobe  resembles  neuroglia  tissue.  In  the  junction 
area  of  the  two  lobes  is  a small  irregular  cavity  the  lining  cells  of  which 
are  cylmdric  and  ciliated.  The  anterior  lobe  arises  as  a diverticulum 
irom  the  oral  cavity  of  the  embryo  which  later  becomes  detached  and 


1 Vincelet,  These  de  Paris,  1902,  No.  570.  Wiesel,  Munch,  med.  Woch  Oct  n 
1903.  Simmonds,  Virchow’s  Arch.,  1903.  Bd.  clxxii,  H.  3,  p.  480.  Abelous  C R 

W,CtbwBl°  m^04xtP'  95o  Munch-petersen,  Hospitalstidende,  vol.  xlvi,  No.  50. 
Withington,  Med.  News  Sept.  24,  1904,  p.  591.  Oddo,  Rev.  Neurolog.,  April  2 

19°«’  PA411'  ?lttorf’  Die  Pathol,  d.  Nebennieren  u.  d.  Morbus  Addisonii,  Jena’ 
1908.  Croom  Lancet,  Feb.  27,  1909,  p.  603.  Straub,  Deut.  Arch.  f.  klin  ’ Med  ’ 
1909  xcvu  p.  67.  Wolf  and  Thacher,  Arch.  Intern.  Med.,  June  13  1Qog  Kahn’ 

llx,cp.  hi  " CC'  3>  June'  ,9I°'  »•  3»*.  Forges,  Zeit.  f.  kL.’S’ed.  ^ C, 

2 New  York  Med.  Jour.,  Aug.  10,  1909. 

MaHdiVc: °Tf  ihe  ana„tolfl>r’  histology,  and  functions,  see  Parisot,  Arch,  des 

Pldlosonh  Julf’cI9°8;  T °-  ,7‘  He,rnnS:  Jour-  °f  Physiol.,  Feb.,  1908,  and 

Uhiiosoph.  Irans  Royal  Soc.  of  London,  vol.  exeix,  pp.  1-29.  Cushing  Tour  Amer 

Brit  Mpd°Ci’  Julyn24’  I9°9*  ScStr’  Procefd-  Royal  Soc.,  Oct.  27g  i^9  Bell' 
Bnt.  Med.  Jour.,  Dec.  4 1909.  Kohn,  Munch,  med.  Woch.,  July  12  iqio  p 1481 
Haller,  Anat.  Anzieg.,  Aug.  22,  1910,  p.  242.  J y ' 9 ’ P'  4 
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normally  there  is  no  communication  between  the  developed  gland  and 
the  pharynx,  although  as  a developmental  defect  remnants  of  the  cranio- 
pharyngeal  duct  or  canal  may  be  recognized.  Along  the  course  of  this 
duct  vestiges  or  cysts  are  sometimes  found. 

Morbid  Physiology  of  the  Hypophysis. — Only  within  recent  years  and 
as  yet  quite  imperfectly  have  the  relations  of  the  pituitary  to  tissue 
change  been  realized.  Under  insufficiency  of  the  hypophysis  (hypo- 
pituitarism) perverted  action,  or  dyshypophysy,  Delille1  recognizes 
hypotension,  tachycardia,  painful  sensations  of  heat,  profuse  sweating, 
oliguria,  anorrhexia,  asthenia,  trophic  disturbances  including  emaciation 
and  obesity,  insomnia,  disturbances  of  growth,  and  possibly  diminished 
resistance  to  intoxication.  Excessive  activity  of  the  hypophysis — 
hyperhypophysy  or  hyperpituitarism — is  attended  by  hypertension, 
polyuria,  glycosuria,  trophic  disturbances,  emaciation  or  obesity,  hyper- 
trophic developmental  processes  such  as  giantism  and  acromegaly, 
frequently,  nearly  constantly,  imperfect  genital  development,  and  com- 
monly hypothyroidea.  Lehman  and  Van  Wart2  suggest  that  hypo- 
and  hyper-  function  of  anterior  or  of  posterior  part  of  the  organ  may  be 
quite  different. 

In  certain  indefinite  lesions  of  the  hypophysis  but  more  particularly 
in  some  cases  of  tumor  affecting  the  organ  there  is  observed  a form  of 
obesity,  interference  with  genital  development  (genital  infantilism) 
and  falling  of  the  pubic  and  axillary  hair;  dystrophia  adiposo-genitalis.3 
It  has  been  suggested  that  this  is  a manifestation  of  hypopituitarism. 
Nazari4  reports  a cyst  of  the  pituitary  associated  with  infantilism  and 
Woods  Hutchinson  found  the  hypophysis  small  and  sclerotic  in  a dwarf; 
Cushing’s5  patient  with  a tumor  of  the  pituitary  was  sexually  infantile. 
The  functions  of  the  hypophysis  and  thyroid  are  in  some  way  related;  . 
the  thyroid  has  been  found  altered  in  acromegaly,  and  Cimoroni6  has 
shown  that  in  thyroidectomized  and  also  in  castrated  young  animals, 
the  hypophysis  increases  in  size. 

Acromegaly,7  or  pachyacria,  is  a disease  associated  with  increase  in 
thickness  and  length  in  the  long  bones,  with  more  or  less  alteration  in 
many  of  the  small  bones.  That  the  flat  bones  are  similarly  affected  is 
shown  by  the  increase  in  size  of  the  facial  sinuses.  The  lower  jaw  in- 
creases in  length  and  thickness  (prognathous  jaw),  and  may  be  projected 
so  far  forward  as  no  longer  to  articulate  with  the  superior  maxilla.  The 


1 L’Hypophyse  et  la  Medication  Hypophysaire,  Paris,  1909. 

2 Arch.  Intern.  Med.,  May,  1910. 

3 Launois  and  Cleret,  Gaz.  des  Hop.,  an.  lxxxiii,  1910.  Grahaud,  These  de 
Paris,  Oct.  15,  1910. 

4 II  Policlinico,  Oct.,  1906. 

5 Jour.  Nerv.  and  Ment.  Dis.,  Nov.,  1906. 

0 II  Policlinico,  Jan.  6,  1907. 

7 Launois  and  Roy,  La  Rev.  des  Indees.,  Aug.  15,  1904,  p.  18.  Lewis,  Johns 
Hopkins  Hosp.  Bull.,  vol.  xvi,  No.  170,  1905.  Bleibtreu,  Munch,  med.  Woch.,  Oct. 
24,  1905.  Widal,  Roy  and  Froin,  Rev.  de  Med.,  April,  1906.  Norris,  Proc.  N.  Y. 
Path.  Soc.,  Feb.,  1907.  Webster,  Jour.  Path,  and  Bact.,  Jan.,  1908.  Phillips,  Med. 
Record,  Feb.  20,  1909.  Leopold,  Jour.  Nerv.  and  Mental  Dis.,  1908,  p.  313.  Pari- 
sot,  Rev.  Neurol.,  March  15,  1910,  p.  277.  Levi  and  Franchini,  Nouvelle  Iconographie 
de  la  Salpetriere,  an.  xxii,  Nos.  4 and  5,  1909.  Launois  and  Roy,  Etudes  Biol,  sur 
les  Geantes,  Paris,  1904.  Borchardt,  Zeitschr.  f.  klin.  Med.,  lxvi,  1908.  Krumb- 
haar,  Bull.  Ayer  Clin.  Laby.  Penna.  Hosp.,  Dec.,  1908.  Exner,  Mitt.  a.  d.  Grenzgeb. 
de  Med.  u.  Chir.,  Bd.  xx,  No.  4,  1909,  p.  565.  Giglioli,  Nouvelle  Inconographie,  de 
la  Salpetriere,  1908.  Levi,  Rev.  Neurol.,  May  15,  1909. 
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osseous  overgrowth  is  usually  symmetric.  The  spine  suffers  a varying 
degree  of  dorsal  kyphosis.  In  many  cases  the  pelvic  bones  and  the 
sternum  are  thickened;  the  diameters  of  the  clavicles  are  increased  and 
sometimes  these  bones  are  slightly  elongated.  The  anteroposterior 
diameter  of  the  chest  is  augmented  as  a result  of  the  lengthening  of  the 
ribs  and  posterior  curvature  of  the  spine.  The  slight  bulging  backward 
of  the  spine  and  projection  of  the  sternum  forward,  with  the  drooping 
head  and  prognathism,  constitute  the  ape-like  deformity  of  this  disease, 
the  bones  of  the  hand  are  enlarged  and  slightly  lengthened,  giving  rise 
to  the  battledore  hand  presumed  to  be  quite  characteristic  of  acromegaly. 


Fig.  399.— Acromegaly.  (Case  reported  by  Lackey .) 

r°™nusual°incr^as1e>in  ^e^len^^of  ^ife'long^oi^s  ^helght^oTt^ti^nt1^  ?eet ksj^ledorc  hands, 
and  marked  muscular  wasting  are  preset Ms else rSfeno^^ 

that  the  RatiCnt'S  reach  iS  8 feet  9 *nches ^from^roteh  to6 heei^heC  meas- 


lyn acromegaly  the  hypophysis  cerebri  frequently  shows  some  abnormal- 
ity. it  is  sometimes  the  seat  of  a tumor,  while  in  other  cases  the  enlarge- 
ment seems  to  be  proliferative  in  character.  The  constancy  with  which 
changes  are  found  m the  hypophysis  would  naturally  lead  to  the  belief 
t lat  this  organ  is  the  seat  of  the  primary  lesion,  but  similar,  if  not  identi- 
cal, alterations  have  been  found  in  the  pituitary  body  without  the  osseous 
phenomena  of  acromegaly.  Nearly  fifteen  years  ago  Cunningham 
expressed  the  conviction  that  there  was  some  relation  between  acromeealv 
and  giantism,  a view  that  has  been  steadily  gaining  ground.  Giants 
frequently  develop  acromegaly,  and  it  is  probable  that,  whatever  may 
be  the  cause  of  pachyacna,  if  it  act  prior  to  ossification  of  the  epiphyses 
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a giant  is  produced ; if  its  influence  be  delayed  until  the  epiphyses  are 
united,  acromegaly  results.  When  the  causative  factor  continues  to 
operate,  the  giant  finally  develops  some  of  the  phenomena  of  acromegaly. 

Inflammations  of  the  hypophysis  are  rare.  Swelling,  edema,  and 
softening  of  the  gland  are  occasionally  seen  in  septicemia  and  other 
intoxications. 

Tuberculosis  of  the  hypophysis  is  usually  of  the  caseous  variety  and 
may  consist  of  numerous  small,  caseous  or  partly  calcified  nodules, 
or  a single  massive  cheesy  area.  Heuter1  has  observed  tuberculosis 
of  the  hypophysis  in  a dwarf. 


Fig.  400. — Endothelioma  of  Hypophysis. 

The  growth  has  extended  into  the  right  orbit  and  penetrated  the  orbital  plate  of  the  frontal  bone  from 

below  upward.  {Dr.  Burr's  Case.) 


Syphilis  of  the  hypophysis  is  but  little  known.  In  the  congenital  form 
enlargement  and  induration  have  been  observed.  Gumma  is  rare. 

Tumors2  of  the  Hypophysis. — A glandular  hyperplasia  of  the  adeno- 
matous type,  bearing  the  same  relation  to  the  hypophysis  that  goiter 
does  to  the  thyroid,  has  been  described.  True  adenomata  and  carcino- 
mata have  also  been  observed.  Glioma  of  the  hypophysis  occurs. 
Sarcoma  and  endothelioma  are  among  the  most  frequent  of  the  neo- 
plasms involving  the  gland.  Teratoma  possessing  the  usual  characters 

1 Virch.  Arch.,  1905,  Bd.  clxxxii,  H.  2. 

2 Kocher,  Deut.  Zeits.  f.  Chir.,  vol.  c.  Hecht,  Jour.  Nerv.  and  Mental  Dis., 
vol.  xxxvi,  No.  xi,  Nov.,  1909.  Masera,  Virch.  Arch.,  Bd.cxcix,  H.  3,  1910.  Moska- 
lew,  Virch.  Arch.,  Bd.  cci,  H.  2,  1910.  Lewis,  Jour.  Amer.  Med.  Assoc.,  Sept.  17, 
1910.  Strada,  Virch.  Arch.,  Bd.  cciii,  H.  1,  1911,  p.  1. 
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of  such  new  growths  have  been  reported.  Tumors  of  the  hypophysis 
usually  progress  slowly  and  even  when  of  a malignant  type  manifest 
little  tendency,  to  extensive  local  proliferation  or  metastasis.  Infiltra- 
tion  of  the  orbit  (Fig.  400)  and  extension  into  the  pharynx,  nose,  sphe- 
noidal and  ethmoidal  sinuses  is  rare.  Exceptionally  the  first  mani- 
festation of  the  growth  may  be  in  the  vault  of  the  pharynx;  such  neo- 
plasms usually  arise  from  the  craniopharyngeal  canal. 


52 
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CHAPTER  XIV. 

THE  VOLUNTARY  MUSCLES. 

A normal  voluntary  muscle  is  formed  of  fibers  held  together  by  the 
endomysium;  these,  collected  in  larger  groups,  are  surrounded  by  the 
perimysium,  and  in  many  localities  the  muscle  is  partly  retained  within  a 
distinct  sheath  called  the  epimysium.  The  fibers  forming  the  muscle 
vary  hi  length,  rarely  exceeding,  however,  3 to  5 cm.,  and  measuring  from 
10  y to  50  y in  width.  Each  muscle-fiber  is  composed  of  a contractile 
substance  with  peripherally  placed  nuclei,  and  surrounded  by  a sheath 
called  the  sarcolemma.  The  various  views  with  regard  to  the  ultimate 
structure  of  the  fibers  may  be  found  in  works  on  histology  and  do  not 
especially  interest  the  pathologist. 

Many  malformations  and  slight  alterations  in  the  origin,  course,  and 
insertion  of  muscles  occur.  These,  however,  are  of  anatomic  rather  than 
of  pathologic  interest. 

Atrophy  of  muscle1  is  observed  under  a number  of  conditions.  Persis- 
tent pressure  rapidly  leads  to  disappearance  of  the  contractile  substance 
with  more  or  less  substitution  of  fibrous  tissue.  A muscle  not  performing 
an}  function  usually  shows  progressive  wasting,  constituting  atrophy 
rom  disuse,  such  atrophies  are  intensified  by  associated  pressure,  as 
is  seen  when  a fractured  bone  demands  absolute  rest  and,  at  the  same 
time,  is  subjected  to  the  pressure  of  retentive  dressings.  Fixation  of  a 
joint  (ankylosis),  section  of  a tendon  or  muscle,  and  causes  removing  the 
orce  that  induces  normal  muscular  tension  may  also  bring  about  atrophy. 
Interference  with  innervation,  particularly  removal  of  motor  stimulation 
as  a result  of  injury  or  disease  of  the  motor  neurons  or  axons,  may  also 
result  in  atrophy  of  muscles  the  nerve  stimuli  of  which  have  been  destroyed, 
buch  atrophies  are  typified  in  the  spinal  and  bulbar  lesions  of  the  central 
nervous  system.  As  the  disease  usually  begins  in  certain  muscles, 
depending,  of  course,  upon  the  location  of  the  central  lesion,  and  gradually 
progresses  with  the  changes  in  the  central  nervous  system,  the  term 
progressive  spinal  amyotrophy  has  been  applied.  (See  Diseases  of  the 
Nervous  System.)  In  the  disease  called  poliomyelitis,  particularly  fre- 
quent m childhood,  there  occurs  an  acute  inflammatory  lesion  involving 
among  other  structures,  the  motor  cells  in  the  anterior  horns  of  the  spinal 
cord  with  subsequent  necrosis  and  absorption  of  these  structures;  as  a 
result  of  the  lesion  in  the  cord,  paralysis,  followed  by  atrophic  processes 
occurs  m the  muscles  controlled  by  the  affected  neurons,  constituting  a 
condition  called  infantile  paralysis.  (See  Diseases  of  the  Nervous  System.) 
In  other  cases  the  atrophic  process  is  unassociated  with  recognizable 
lesions  of  the  central  nervous  system  or  peripheral  nerve;  in  such  instances 
tne  wasting  is  presumed  to  be  essentially  a disease  of  the  muscle  and  the 
term  primary  myopathy  is  applied.  Certain  of  these  atrophies  closely 
resemble  the  progressive  spinal  form,  and  they  have  been  grouped  under 
tne  head  of  progressive  muscular  dystrophy. 

1 Babinski,  Soc.  Neurolog.,  Dec.  1,  1904;  La  Presse  Med.,  Dec.  7,  1904,  p.  784. 
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Pseudohypertrophic  muscular  paralysis1  ( myosclerosis ) is  a disease 
most  frequent  in  male  children,  although  occasionally  it  is  seen  in  girls; 
two  or  more  members  of  the  same  family  are  frequently  attacked.  Usually 
the  first  indications  of  the  disease  are  observed  in  the  muscles  of  the  calves, 
which  show  considerable  enlargement;  this  may  be  associated  with  cor- 
responding increase  in  the  volume  of  the  anterior  tibials.  The  marked 
enlargement  commonly  occurs  in  the  gluteus  maximus,  and  usually, 
although  to  a lesser  degree,  in  the  extensors  of  the  thigh.  The  prominence 
of  these  muscles  gives  the  appearance  of  hypertrophy,  and  hence  the  name. 
As  the  increase  in  size  is  associated  with  deficient  contractile  power 
(lessened  function),  the  term  pseudo-hypertrophy  is  appropriately 
applied.  Associated  with  increase  in  size  of  the  muscles  indicated, 
others  may  show  an  early  wasting — as,  for  example,  the  flexors  of  the 
knee  and  thigh.  In  the  upper  extremities  the  deltoid,  supraspinatus, 
infraspinatus,  and  triceps  are  enlarged,  while  the  biceps  may  be  atrophied. 


Fig.  401. — Section  Taken  from  the  Gastrocnemius  Muscle  of  a Child  Suffering  from  Pseudo- 
hypertrophic Muscular  Paralysis;  Fixed  in  Flemming’s  Solution  and  Stained  with  Hema- 
toxylin and  Eosin.  ( Specimen  lent  by  Dr.  Harris.) 

a.  Muscle-fibers,  b.  Fibrous  and  fatty  tissue,  c.  Blood-vessel  the  lumen  of  which  has  been  occluded  by 
fibrous  tissue.  The  disarrangement  of  the  muscle-fibers  and  the  increase  in  the  fibrous  and  fatty  tis- 
sues are  well  shown. 


Histologically,  during  the  stage  of  enlargement  the  muscle-fibers  oc- 
casionally show  but  slight  alteration;  there  is,  however,  an  enormous 
increase  in  the  amount  of  fat  between  the  fibers,  to  the  presence  of  which 
the  appearance  of  hypertrophy  is  due.  (See  Fig.  401,  alsoFig.  107,  p.218.) 
As  a rule,  the  transverse  measurement  of  the  muscle-fiber  is  diminished, 
although  occasionally  fibers  of  unusual  size  are  seen.  Later,  there  is  a 
marked  increase  in  the  amount  of  fibrous  tissue  without  corresponding 
continued  overgrowth  of  the  fat.  The  muscle-fibers  become  thin  and  ir- 
regular. The  striation,  at  first  nearly  normal,  rapidly  grows  less  con- 
spicuous and  eventually  disappears.  Fat  has  been  observed  within  the 
sarcolemma,  which,  associated  with  the  granular  changes  in  the  fibers, 
would  indicate  that  the  process  is  essentially  a degeneration.  The  altera- 
tions in  the  contractile  substance  are  not  uniform  and  do  not  implicate 
at  one  time  all  the  fibers  in  a given  muscle,  nor  all  the  fibers  in  one  area 
simultaneously  involved;  it  is,  therefore,  patchy,  diffuse,  or  irregular  in 

1 Climenko,  Post-graduate,  Twenty-fifth  Anniversary  vol.,  1908.  Landouzy, 
Bull,  de  l’Acad.  de  Med.,  Feb.  23,  1909.  Bramwell,  Edinburgh  Med.  Jour.,  July, 
1909.  Marinesco,  Maladies  des  muscles,  1910. 
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distribution.  Late  in  the  process,  when  the  false  hypertrophy  has  dis- 
appeared, the  fragmentation,  degeneration,  and  absorption  of  the  true 
sarcous  elements  are  most  marked. 

A form  of  muscular  atrophy  occurs  unassociated  with  the  preliminary 
stage  of  pseudohypertrophy,  and  appearing  more  frequently  in  young 
adults  than  in  children.  Two  types  of  the  lesion  have  been  described — 
one  by  Erb  and  the  other  by  Landouzy  and  Dejerine.  As  to  the  relation 
of  the  two  forms,  opinions  differ;  some  maintain  their  identity,  and 
others  hold  that  they  are  distinct  processes.  While  to  a certain  extent 
different  muscular  systems  are  involved,  the 
lesions  in  the  affected  muscles  are  not  unlike. 

In  the  form  described  by  Landouzy  and  Dejerine 
the  wasting  begins  in  the  face,  and  next  involves 
the  muscles  of  the  shoulders  and  arms.  This 
peculiarity  has  led  to  its  being  called  the  facio- 
scapulohumeral type.  In  that  form  of  muscular 
dystrophy  described  by  Erb  the  face  is  not 
affected.  The  pectoral  muscles,  trapezius, 
latissimus  dorsi,  biceps,  triceps,  brachialis 
anticus,  and  supinator  longus,  and  later  the 
muscles  of  the  lower  extremity,  are  involved. 

On  section,  the  muscles  may  have  lost  their 
normal  color,  and  are  largely  composed  of 
fibrous  and  fatty  tissue.  The  remaining  muscle- 
fibers  are  small;  at  first  striation  is  retained, 
but  later  disappears.  It  is  usually  held  that 
the  initial  changes  are  in  the  muscle  fibers  and 
that  the  increase  of  connective  tissue  is  sec- 
ondary. In  many  cases,  however,  the  reverse 
seems  to  be  true.  No  secondary  lesion  in  the 
cord  or  ganglia  has  been  recognized. 

True  hypertrophy  of  muscle  is  usually  de- 
pendent upon  an  increased  demand  for  work 
accompanied  by  sufficient  nutrition.  It  is  most 
highly  developed  in  athletes,  where  systematic 
training  has  brought  the  muscles  to  the  highest 
degree  of  functional  power.  Occasionally,  the 
hypertrophy  may  be  restricted  to  certain  groups 
of  muscles,  and  may,  in  these  cases,  depend 
upon  some  special  work  thrown  upon  them,  as 
is  seen  in  the  muscles  of  toe-dancers  and  in 
artisans  in  whom  certain  groups  of  muscles  are 
brought  particularly  into  play. 

A certain  amount  of  muscle  enlargement  is  sometimes  observed  in 
Thomsen’s  disease  (congenital  myotonia) ; the  enlargement  of  the  fibers 
occurs  in  the  early  stages  only  and  the  disease  cannot  be  considered 
among  the  hypertrophies  of  muscle.  After  the  disappearance  of  hyper- 
tonia, atrophy  occurs.  Batten1  has  proposed  to  call  the  condition  myo- 
tonia atrophica.  The  atrophy  affects  particularly  the  muscles  of  the 
face,  especially  the  orbicularis  oris  and  orbicularis  palpebrarum;  the 
■masseters  and  temporals  may  be  affected,  and  the  wasting  of  the  stemo- 
mastoids  is  sometimes  intense. 

1 Lancet,  Nov.  20,  1909,  p.  i486. 


Fig.  402. — Pseudohypertrophic 
Muscular  Atrophy.  ( Patient 
of  Prof.  F.  X.  Dercum,  Jefferson 
Hospital.  Boy  aged  8 years, 
admitted  September  5,  1908.) 
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A typical  example  of  hypertrophy  resulting  from  increased  work 

is  seen  in  valvular  disease  of  the  heart.  (See  p.  517O 

Hemorrhage  into  the  muscles  or  hematoma  of  muscle  results  liom 
injury,  either  direct,  as  in  bruising  or  wounds,  or  from  tears  in  the  muscle 
due  to  violent  contraction,  as  in  tetanus.  In  typhoid1  and  other  infectious 
diseases  rupture  sometimes  occurs  from  slight  muscular  exertion.  The 


Fig.  403. — -Progressive  Muscular  Dystrophy,  Erb  Type.  ( From  “ Pennsylvania  Medical  Journal,” 
March,  1898;  report  by  Dr.  Theodore  Diller,  to  whom  the  author  is  indebted  for  the  illustration.) 

The  atrophy  of  the  muscles  forming  the  shoulder  girdle,  the  pelvic  girdle,  and  the  arms  and  thighs  is  well 
shown.  Notice  the  marked  lordosis.  The  muscles  of  the  forearm  and  calves  are  not  involved. 


sternocleidomastoid  muscle  is  occasionally  ruptured  during  the  delivery 
of  a child.  The  interstitial  hemorrhage  and  laceration  of  fibers  are  some- 
times followed  by  cicatricial  thickening  and  subsequent  contraction; 

1 Perochaud,  Gaz.  Med.  de  Nantes,  1904,  No.  38,  and  Perochaud  and  Doncet, 
Gaz.  Med.  de  Nantes,  Sept.  17,  1904. 
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usually,  however,  the  blood  is  absorbed  without  permanent  alterations 
in  the  muscle.  Muscle  ruptures  occurring  in  delivery  of  the  infant 
frequently  give  rise  to  permanent  disability  and  constitute  an  important 
cause  of  congenital  wry-neck.1 

Of  the  infiltrations  occurring  in  muscles,  pigmentation  deserves  mention 
as  being  frequently  associated  with  various  atrophic  processes.  The 
infiltration  is  also  observed  in  old  inflammatory  areas  and  in  the  neighbor- 
hood of  chronic  infectious  processes.  Fatty  infiltration  of  muscle  is  seen 
in  obesity,  in  the  overfed,  and  sometimes  in  alcoholics;  occasionally  it 
is  localized  to  certain  groups  of  muscles,  in  which  case  the  deposit  may 
be  sufficient  to  justify  calling  the  condition  diffuse  lipoma1'  of  muscle. 
Sometimes,  acute  inflammatory  lesions  of  the  muscles  are  followed  by 
the  deposit  of  considerable  calcareous  material.  Amyloid  infiltration 
is  rare;  it  is  occasionally  observed  in  the  neighborhood  of  inflammatory 
processes,  and  at  times  is  seen  independent  of  existing  inflammation. 
The  muscles  of  the  tongue  and  larynx  are  said  to  show  the  changes  most 
frequently.  The  deposit  is  between  the  fibers. 

Degenerations. — Of  the  various  degenerative  changes  in  muscles, 
cloudy  swelling  and  fatty  degeneration  are  most  common.  The  alterations 
seen  in  the  fibers  are  not  different  from  those  already  described  in  the 
heart  muscle.  (See  p.  231,  232,  and  490.)  In  edema  vacuolization  or 
hydropic  degeneration  of  the  fibers  occurs.  It  is  usually  manifested  by 
the  appearance  of  vacuoles  within  the  fibers.  These  vacuoles  are  some- 
times numerous  and  small,  and  in  other  instances  they  are  large  and 
single.  (See  p.  235.)  Distinct  separation  of  the  contractile  substances 
(fragmentation)  frequently  follows  degenerative  changes,  and  an  inter- 
stitial fibrosis  is  also  occasionally  present.  Hyaline  degeneration  (p. 
237),  accompanied  or  preceded  by  coagulation  necrosis  (p.  243)  of  the 
muscle-fibers,  is  observed  in  the  course  of  infective  diseases — conspicuous 
among  which  may  be  mentioned  typhoid  fever,  in  which  disease  the 
abdominal  muscles  most  frequently  show  the  change. 

Myositis  or  inflammation  of  muscle  results  from  a number  of  causes 
and  occurs  in  several  forms;  wounds,  tears,  and  hemorrhages  into  the 
interstices  of  muscle  are  attended  by  an  inflammation  which,  in  the 
absence  of  infection,  is  usually  slight  and  terminates  in  repair.  Gowers3 
believes  that  lumbago  and  certain  forms  of  muscular  rheumatism,  stiff 
neck,  and  pleurodynia,  are  inflammatory  conditions  affecting  the  inter- 
stitial structure  of  muscle,  for  which  condition  he  proposes  the  name 
fibrositis. 

Acute  myositis  may  be  simple  or  suppurative;  there  is  also  a form  in 
which  a number  of  muscles  are  involved,  called  polymyositis.  In  hemor- 
rhagic myositis  the  inflammation  is  accompanied  by  hemorrhages  into 
the  affected  muscles.  In  acute  nonsuppurative  myositis,  or  simple 
myositis,  the  muscle  is  swollen,  tender,  commonly  rigid,  on  section  dark 
and  may  contain  areas  of  hemorrhages.  Microscopic  examination  shows 
the  muscle-fibers  swollen  and  often  necrotic  and  fragmented;  serum  and 
m acute  cases,  fibrin  are  present  in  the  interstitial  tissue  which  is  also 
infiltrated  by  varying  numbers  of  mononuclear  leukocytes. 

Acute  suppurative  myositis  results  from  direct  infection,  as  by  wounds, 

GynakotSMff2of  r°ftsh°PadiSChe  C1’irUrgie'  I9°3’  *■  P'  ^ 

2 Debuck  and  L’Moor,  Belgique  Med.,  Nov.,  1900. 

3 Brit.  Med.  Jour.,  Jan.  16,  1904,  p.  117. 


SPECIAL  PATHOLOGY. 


8 24 


or  propagated  suppurative  lesions  contiguous  to  the  muscle,  rarely  by 
lymphogenous  extension  and  occasionally  the  bacteria  are  deposited 
from  the  blood.  Hematogenous  infections  of  the  muscles  are  commonly 
associated  with  some  form  of  infection  in  which  bacteria  are  expected  to 
enter  the  circulation.  The  condition  has  been  observed  in  typhoid, 
although  in  most  instances  typhoidal  myositis  stops  short  of  suppuration; 
in  I'Scannell’s1  case  the  rectus  abdominis  muscle  was  involved  and  the 
condition  was  mistaken  for  appendicitis.  Suppurative  polymyositis 
usually  accompanies  pyemia,  septicemia,  and  other  forms  of  bacteremia; 
it  has  been  observed  in  gonorrhea.2  The  myositis  infectiosa,  especially 


Fig.  404.— Intercostal  Muscle,  Acute,  Nonsuppurative,  Interstitial  Myositis. 
Transverse  section,  from  a case  of  epipneumonic  pleurisy,  showing  dissociation  of  fibers,  interfascicular 
leukocytic  infiltration,  and  slight  fibrin  formation.  Tissue  fixed  in  Zenker’s  fluid;  hematoxylin  and 
eosin  stain. 

A,  A,  A.  Granular  and  fragmented  muscle-fibers.  B.  Accumulation  of  leukocytes  and  fibrin  around,  and 
extending  between  the  muscle-fibers.  In  some  areas  the  change  is  more  marked  than  in  others,  and 
at  points  many  polymorphonuclear  leukocytes  can  be  seen. 

frequent  in  Japan,  belongs  with  this  group ; of  the  thirty-four  cases  recorded 
by  Miyake,3  all  but  one  terminated  in  suppuration;  cultures  disclosed  the 
Staphylococcus  aureus  in  thirty-three  of  the  patients ; in  one  case  the  lesions 
were  due  to  the  streptococcus.  The  alterations  in  the  muscle,  constituting 
a conspicuous  part  of  Ludwig’s  angina  (p.  693),  are  manifestations  of  an 
acute  diffuse  interstitial  suppurative  myositis  with  secondary  degenerative 
and  necrotic  changes  in  the  muscle-fibers.  The  same  lesion  may  result 
from  similiar  infections  due  to  other  causes.  In  such  conditions  the 
interstitial  tissue  contains  varying  numbers  of  polymorphonuclear  leuko- 
cytes, serum,  and  fibrin,  and  destructive  lesions  of  the  muscle-fibers  are 

,1  1 Boston  Med.  and  Surg.  Jour.,  Nov.  26,  1903. 

2 Harris  and  Haskell,  Johns  Hopkins  Hosp.  Bull.,  Dec.,  1904.  Bisquet  and 
Bichelonne,  Revue  de  Med.,  May  10,  1904. 

3 Mitth.  a.  d.  Grenzgebiet.  d.  Med.  u.  Chir.,  1904,  Bd.  xiii,  p.  155. 
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constantly  present;  the  last  are  essentially  necrotic.  Localized  or  cir- 
cumscribed suppurative  myositis,  or  muscle  abscess,  does  not  differ  es- 
sentially from  other  abscesses,  although  sometimes  it  extends  with  great 
rapidity.  It  may  result  from  infection  primary  in  the  tendon-sheaths  or 
extension  from  para-articular  suppuration. 

Acute  polymyositis,  also  called  dermatomyositis,1  or,  when  the  mucosae 
are  also  affected,  dermato-mucoso-myositis,  is  probably  an  infection, 
although  Steiner  concludes  that  the  cause  remains  undetermined.  This 
observer  has  been  able  to  collect  twenty-eight  cases,  three  of  which  occurred 
m the  United  States.  Any  or  many  muscles  may  be  involved;  they  are 
swollen,  red  or  pale  yellow,  sometimes  streaked  with  gray  or  reddish  striae, 


A. 


Fig.  40s. — Myositis,  Acute  Diffuse  Suppurative.  Case  of  Ludwig’s 
Fragmenting  muscle-fiber.  B Same  containing  myoclasts.  <7. 

D.  Pneumococci  to  which  the  process  was  due. 


D, 


and  m consistency  may  be  firm,  or  soft  and  boggy;  hemorrhages  are  oc- 
casionally present.  Histologically  the  fibers  are  granular,  hyaline  some, 
times  fragmented  and  occasionally  fatty.  Interstitial  swelling  and 
lymphoid  accumulations  occur;  the  spleen  is  soft  and  enlarged  and 
bronchopneumonia  is  sometimes  present.  Subcutaneous  edema  and 
cuticular  inflammatory  changes  are  conspicuous  clinical  features  of  the 
artection.  Stomatitis,  with  or  without  ulceration,  and  angina  have  been 
observed.  In  some  cases  the  condition  is  accompanied  by  polvneuritis 

Parasitic  myositis  is  a local  lesion  resulting  from  the  deposit  of  animal 
parasites  m the  muscle;  m trichinosis  (p.  191)  it  is  a polymyositis  and  is 
usually  accompanied  by  eosmophiha  (p.  410). 

Ischemic  myositis, 2 Volkmann’s  contracture,  also  called  ischemic 

v,r  j Steiner,  Jour.  Exper.  Med.,  1905,  vol.  vi,  p.  407.  Strone  Deut  7 pit  f 1 r 
Med.,  1904,  Bd.  liii.  Bauer,  Munch!  med.  Woch.,  Jan  26  ,L  No  a tLY1"' 
Jour.  Amer.  Med.  Assoc.,  Jan.  18,  1908,  p.  i77.  ’ 9 4’  °'  4‘  Burley> 

2 Powers,  Jour.  Amer.  Med.  Assoc.,  March  2,  1907.  Harris  Brit  t 

Sept.  26,  r9o8.  Thomas,  Annals  of  Surgery,  March,  1909^  ’ Med’  Jour  ’ 
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paralysis,  is  a necrotic  and  inflammatory  process  involving  muscles, 
usually  due  to  tight  bandaging  for  injury  and  commonly  affecting  the 
flexor  muscles  of  the  wrist  and  fingers,  especially  in  young  children, 
Of  the  52  cases  collected  by  Powers  all  but  two  were  in  the  upper  ex- 
tremity. A similar  condition  has  been  known  to  follow  other  forms  of 
trauma  and  also  embolism  and  thrombosis.  Muscles  withstand  practically 
complete  circulatory  arrest  for  from  five  to  seven  hours,  after  this  time, 
however,  necrosis  ensues.  The  affected  muscles  are  now  paralyzed,  dense, 
rigid,  and  slightly  contracted.  The  amount  of  swelling  varies  in  different 
cases.  Areas  of  necrosis  or  extensive  gangrene  may  be  present  in  severe 


Fig.  406. — Intercostal  Muscle. 

Transverse  section,  from  a case  of  suppurative  pleurisy  of  several  months’  duration,  showing  advanced 
fibrosis  and  lipomatous  change.  Tissue  fixed  in  Zenker’s  fluid;  hematoxylin  and  eosin  stain. 

A.  One  of  several  granular  fibers,  some  of  which  are  fragmented  and  undergoing  absorption.  B.  A small 
group  of  greatly  shrunken  muscle-fibers.  C.  Relatively  large  mononuclear  cell,  not  very  abundant, 
but  commonly  associated  with  fibroblastic  elements.  D.  The  leader  from  this  letter  passes  between 
two  imperfectly  presented  fat  bodies,  a number  of  which  are  present  in  the  newly  forming  or  formed 
fibrous  tissue.  The  fat  content  is  scanty  in  the  particular  field  from  which  this  drawing  was  made. 


cases.  The  rigidity  of  the  muscle  resembles  that  of  rigor  mortis.  Necrosis 
is  followed  by  a myositis,  absorption  of  the  dead  muscle,  the  formation  of 
fibrous  tissue,  and  a contraction  which  manifests  a tendency  to  progress. 
Although  attempts  at  regeneration  are  made,  the  damage  in  marked  cases 
is  irreparable.  Harris  maintains  that  the  inflammation  of  the  muscle 
is  practically  always  accompanied  by  neuritis. 

Chronic  interstitial  myositis,1  also  called  fibrous  myositis,  sclerosing 
myositis,  myositis  fibrosa,  and  myositis  with  contraction,  is  a protracted 
inflammation  of  muscle  attended  by  the  formation  of  fibrous  tissue  and 

1-Biggs,  Univ.  Penna.  Med.  Bull.,  Dec.,  1901.  Batten,  Clin.  Soc.  of  London, 
Nov.  13,  1903;  Lancet,  Nov.  21,  1903.  Pernice,  Rif.  Med.,  Oct.  19,  1904,  No.  42. 
Coplin,  Path.  Soc.  of  Phila.,  Jan.  28,  1904;  Amer.  Jour,  of  Med.  Sci.,  May,  1904. 
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progressive  atrophy  of  the  fibers  of  the  affected  tissues.  The  condition 
may  be  primary,  in  which  case  it  is  called  idiopathic,  or,  when  due  to 
trauma,  ischemia,  or  persistent  local  irritation,  the  lesion  is  spoken  of  as 
secondary  interstitial  myositis.  Little  is  known  concerning  the  changes 
occurring  in  the  muscles  in  so-called  chronic  muscular  rheumatism,  but 
in  some  instances  the  structural  alterations  represent  mild  grades  of 
this  productive  interstitial  myositis;  the  fibrosis  is  rarely,  if  ever,  marked 
m rheumatic  cases.  W hen  myositis  fibrosa  is  progressive,  the  affected 
muscles  waste,  become  firmer  and  contracted,  distorting  the  limb,  and 
fixing  the  joints,  which  later  may  ankylose.  Batten  has  shown  that 
granular  and  fatty  degenerations  affect  the  muscle  fibers  in  direct 
proportion  to  the  extent  of  the  fibrosis.  In  some  cases  the  fibrous  tissue 


is  deposited  m islands,  justifying  the  name  insular  or  nodular  fibrous  myo- 
sitis. The  condition  has  been  mistaken  for  neoplastic  formation,  and  in 
one  case  the  scapula  was  excised  under  the  conviction  that  the ’process 
was  sarcomatous.  The  enlargement  of  the  muscles  seen  in  the  early 
stages,  before  degenerative  changes  occur  in  the  fibers,  is  often  confusing 
At  this  time  the  microscope  shows  an  irregular  and  rarely  abundant  infil- 
tration by  mononuclear  leukocytes;  later  these  cells  are  inconspicuous  or 
absent  and  the  mterfibrillary  deposit  is  almost  exclusively  fibrous  tissue 
which,  m some  cases,  contains  considerable  fat.  Associated  obliteration  of 
the  vessels  is  often  found  and  is  probably  the  cause  of  some  cases. 

Under  the  name  chronic  ossifying  myositis 1 (myositis  ossificans)  has  been 
described  an  affection  the  inflammatory  character  of  which  has  been  indis- 


1 Josserand  and  Horand,  Rev.  d’Orthopedie,  May  x,  100=5.  Painter  and  Clarke 
Amer.  Jour  of  Orthopedic  Surgery,  May,  1909.  Ewald,  Centralbl.  f.  Chir  xqio’ 

p.1771.  Walker,  Internat.  Climes,  vol.  iii,  Eighteenth  Series  ’ 9 ’ 


828 


SPECIAL  PATHOLOGY. 


putably  established.  The  inflammation  is  associated  with  the  production 
of  calcareous  deposits,  osteoid  tissue  or  bone  between,  in,  or  near  the  mus- 
cles. The  fact  that  the  muscle-fibers  show  little  alteration,  even  late  in  the 
process,  indicates  that  the  disease  essentially  involves  the  connective 
tissue.  In  some  cases  the  bony  deposit  follows  injury,  particularly 
slight  repeated  bruisings;  in  other  instances  no  history  of  trauma  can  be 
elicited.  There  is  usually  proliferation  of  the  connective  tissue  of  the 
muscle,  which  progresses  to  the  formation  of  bone,  very  much  as  is  ob- 
served in  similar  proliferative  processes  affecting  the  periosteum.  As 
the  structural  changes  are  not  restricted  to  the  muscle,  but  occur  also  in 
the  fasciae  and  tendons,  all  sorts  of  irregular  osseous  or  osteoid  collections 
can  be  produced.  The  disease  pursues  a chronic  course,  usually  beginning 
in  the  muscles  of  the  neck  or  back,  to  which  it  may  remain  restricted. 
Later,  it  sometimes  manifests  a tendency  to  progress  and  involves  all  the 


Fig.  408. — Ossifying  Myositis. 

A,  A.  Fragmenting  muscle-fibers.  B,B.  Giant  marrow  cells.  The  matrix  in  which  A and  B are  situated 

is  a granular  partly  calcified  osteoid  tissue. 


muscles  of  the  trunk,  with  ankylosis  of  joints,  rendering  the  limbs  and 
trunk  stiff,  or  eventually  entirely  rigid.  The  bony  collections  are  ir- 
regular, consisting  of  flakes  and  spicules,  which  later  often  coalesce  and 
form  larger  masses.  Various  theories  intended  to  explain  the  condition 
have  been  advanced.  The  new  bone  has  been  attributed  to  ectopic 
periosteum,  congenitally  out  of  place  or  detached  by  muscle  contraction 
or  trauma;  some  believe  the  affection  is  a definite  dystrophy  allied  to 
pseudohypertrophic  muscular  atrophy.  It  has  been  regarded  as  neoplastic, 
and  the  resemblance  to  tumor  formation  is  often  striking;  I have  known 
two  instances  in  which  extremities  were  amputated  under  conviction  that 
the  enlargements  were  ossifying  sarcomata.  The  histology  is  often 
confusing;  the  affected  areas  are  infiltrated  by  mononuclear  cells  which 
strongly  resemble  those  of  sarcoma.  Giant  cells,  apparently  identical 
with  such  structures  occurring  in  the  marrow,  are  frequently  present. 
Bone  formation  by  the  evolution  of  an  osteoid  tissue  without  the  pro- 
duction of  cartilage  is  the  usual  order  followed;  in  some  cases,  however, 
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cartilage  is  present.  There  is  usually  a cellular  matrix  containing  frag- 
menting and  degenerating  muscle-fibers  which  later  disappear.  The 
osteoid  tissue  consists  of  granular  substance  in  which  calcification  rather 
than  true  bone  formation  first  takes  place;  later  imperfect  Haversian 
systems  and  more  or  less  typical  bone  are  produced. 

Tuberculosis  of  muscle1  is  exceedingly  rare;  of  all  the  tissues  in  the 
body,  muscle  seems  most  resistant  to  invasion  and  colonization  by  the 
tubercle  bacillus,  and  often  escapes  virulent  and  wide-spread  infection 
such  as  is  observed  in  disseminated  acute  miliary  lesions.  There  is  little 
reason  for  believing  that  primary  tuberculosis  of  a previously  healthy 


Fig.  409.— Secondary  Carcinomatous  Infiltration  of  Pectoral  Muscle  from  Primary  Carcinoma 
...  of  Mamma. 

A,  A.  Collections  of  cancer  cells  within  sheath  of  muscle.  B.  Cancer  cells  in  intramuscular  lymphatic. 


muscle  ever  occurs.  Secondary  tuberculosis  is  usually  due  to  direct  ex- 
tension from  contiguous  lesions.  Plantard  recognizes  three  forms  of 
muscle  tuberculosis;  (1)  The  tuberculoma,  which  is  usually  caseous,  but 
it  may  contain  a large  amount  of  fibrous  tissue  and  resemble  a gumma. 
(2)  Cold  abscess,  which  is  really  a more  diffuse  form  of  caseous  tuberculosis 
of.  muscle,  and  is  generally  due  to  extension  of  osseous  tuberculosis, 
arising  in  the  bone  to  which  the  muscle  or  its  sheath  is  attached.  (3) 
Tuberculous  interstitial  fibroid  myositis  arising  in  muscles  contiguous  to 
tuberculous  lesions  and  probably  due  to  local  dissemination  of  poisons 
produced  in  adjacent  structures;  this  is  the  lesion  observed  in  muscles 
lying  next  to  tuberculous  joints,  glands,  or  bones.  In  addition  to  the 
foregoing  should  be  mentioned  occasional  instances  of  definite  miliarv 
tuberculosis  of  muscle. 


No  PlanMtaard’  P?se  de  Pjir^S-’  I91OI‘  Lciars>  La  Sem.  Med.,  June  1,  1904,  vol.  xxiv, 
No.  22,  Medical  Press  and  Circular,  June  22,  1904.  Mitchell,  Sixth  Internat.  Con- 
gress on  Tuberculosis,  vol.  11,  1908.  Bobbio,  Policlinico,  1909. 
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Syphilis  of  muscle1  is  of  infrequent  occurrence.  An  acute  nonsup- 
purative diffuse  interstitial  myositis  (Ricord)  occurs  during  the  secondary 
stage  of  syphilis,  and  it  is  possible  that  this  forms  the  starting-point  of 
a more  chronic  fibroid  form,  developing  later  in  the  infection.  In  both  the 
acute  and  chronic  types  of  syphilitic  myositis  the  alterations  in  the 
muscle-fibers  succeed  the  interstitial  changes.  Histologically  the  affected 
muscle  is  first  infiltrated  by  mononuclear  cells  and  later  an  excess  of  fibrous 
tissue  is  produced.  The  most  common  manifestation  of  muscle  syphilis  is 
gumma,  which  in  this  structure  does  not  differ  from  similar  lesions  occur- 
ring elsewhere  (p.  163). 

Leprosy  and  actinomycosis  rarely  involve  the  muscles. 

Tumors  of  muscle,  when  primary,  necessarily  belong  to  the  connective- 
tissue  series.  Lipoma,  whch  may  be  circumscribed  or  diffuse,  occasionally 
occurs;  fibroma  and  myxoma  have  been  observed.  Chondromata  are  ex- 
ceedingly rare.  The  bone  formations  of  myositis  ossificans  (p.  827)  are,  by 
some  observers,  included  with  the  neoplasms  arising  in  muscle.  Indepen- 
dent of  such  origin  osteomata  in  this  situation  are  infrequent.  Angioma 2 
is  not  an  exceedingly  rare  tumor  and  may  be  mistaken  for  sarcoma.  It 
is  most  frequent  in  the  muscles  of  the  extremities  and  is  probably  of  trau- 
matic origin.  As  a rule,  the  neoplasm  is  restricted  to  a single  muscle,  all  of 
which  may  be  involved.  Paton  reports  an  instance  in  which  the  entire 
gracilis  muscle  was  affected.  The  angioma  may  be  circumscribed  or 
diffuse,  simple,  plexiform,  or  cavernous;  the  last  is  the  usual  form. 
Thrombosis,  calcification,  and  transformation  into  sarcoma  have  been 
observed  in  angiomata  of  muscle.  Katholitzky  has  reported  an  instance 
of  lymphangioma  of  the  muscles  of  the  forearm.  Sarcoma  is  probably 
the  most  common  primary  tumor  of  muscle,  in  which  the  neoplasm  often 
proves  extremely  malignant.  Secondary  cancer  and  secondary  sarcoma 
frequently  invade  muscles. 

Parasites  of  Muscle. — Trichinae  (p.  191),  cysticercus  cellulosae  (p.  183), 
and  hydatids  (p.  186)  invade  the  muscles. 

TENDONS. 

Malformvtions  of  the  tendons  are  of  anatomic  rather  than  pathologic 
interest  and  are  of  rare  occurrence.  Abnormalities  in  length  accompany 
certain  malformations  such  as  club-hand  and  club-foot  (see  p.  14), 
of  which,  however,  they  are  by  no  means  the  cause. 

Inflammation  of  Tendon.3 — When  an  inflammatory  process  involves 
the  tendon  alone  the  condition  is  called  tendinitis.  When  the  tendon 
and  synovial  sheath  are  both  implicated,  as  is  usually  the  case  when 
the  process  attacks  tendons  passing  through  synovial  investments,  the 
lesion  is  known  as  tendovaginitis  or  tenosynovitis.  Many  tendons  are 
not  ensheathed  but  are  contained  in  a loose  reticular  fibrous  tissue  inflam- 
mation of  which  is  called  peritendinitis.  Inflammation  of  the  tendon 
without  involvement  of  the  investing  structure,  that  is  to  say  a pure 

1 Bigot,  These  de  Toulouse,  1901.  Busse,  Arch.  f.  klin.  Chir.,  1903,  vol.  lxix, 
Nos.  1 and  2.  Fordyce,  Jour.  Cutaneous  Diseases,  April,  1903. 

2 Magarucci,  II  Policlinico,  Nov.,  1902.  Rigaud,  These  de  Paris,  1903.  Keeler, 
Deut.  Zeit.  f.  Chir.,  Sept.,  1904,  Bd.  lxxiv.  Reclus  and  Magitot,  Rev.  de  Chir.,  May, 
1906.  Porcile,  II  Policlinico,  1908,  xvc.,  p.  289.  Macewen,  Brit.  Med.  Jour.,  Jan. 
11,  1908. 

3 DeBovis,  Sem.  Med.,  July  24,  1907,  p.  249. 
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tendinitis,  is  exceedingly  rare.  Most  cases  are  instances  of  tendo- 
vaginitis or  tenosynovitis  or  of  peritendinitis.  The  affection  may  be 
acute  or  chronic,  simple  or  suppurative.  The  acute  simple  inflammation 
follows  trauma,  strains,  or  other  forms  of  injury,  and  is  occasionally 
observed  in  infectious  diseases  such  as  rheumatism,  typhoid,  syphilis, 
small-pox,  and  scarlet  fever.  When  the  exudate  is  largely  fluid,  the 
condition  is  called  serous  tendovaginitis;  serofibrinous  and  fibrinous 
forms  are  also  recognized.  The  pure  fibrinous  form  is  known  as  tendo- 
vaginitis acuta  sicca.  The  acute  suppurative  tendovaginitis  may  result 
from  the  propagation  of  suppurative  processes  arising  contiguous  to 
tendon  sheaths  or  the  terminations  of  muscles  or  at  the  point  of  tendon 
attachment.  In  other  cases  the  infection  is  hematogenous,  due  to 
bacteremia,  and  constitutes  part  of  a mild  or  severe  sepsis.  Usually 
the  infecting  organisms  are  the  ordinary  pyococci;  the  gonococcus  or  other 
pyogenic  bacteria  may  also  be  causes.  The  suppurative  process  quickly 
involves  the  integrity  of  the  tendon  which  may  undergo  necrosis;  pus  cells 
accumulate  in  the  tendon  sheath  (tendovaginitis)  or  in  the  loose  areolar  con- 
nective tissue  around  the  tendon  (peritendinitis).  The  infective  process 
travels  along  the  course  of  the  tendon  and  often  to  the  contiguous  tissues, 
sometimes  involving  the  joint. 

Chronic  tendovaginitis  may  be  serous  or  fibrinous,  the  former  producing 
dropsy  of  the  tendon  sheath  (hydrops  tendovaginalis)  also  called  hygroma. 
In  this  form  the  lesion  is  most  frequent  in  the  tendons  about  the  wrist. 
In  the  fibrinous  or  serofibrinous  types  the  fibrin  often  collects  in  papillary 
or  even  detached  masses  (rice  bodies  or  corpora  oryzoidea).  In  this 
form  the  lesion  is  frequently  tuberculous.  Histologically  the  bodies  just 
mentioned  are  usually  laminated  and  hyalin;  the  number  and  character  of 
cells  found  depend  upon  the  degree  of  organization  attained. 

Gout  of  tendons  is  manifested  by  deposits  of  urates  in  the  tendon  and 
surrounding  tissue,  considerable  swelling,  varying  degrees  of  cellular 
infiltration  and  necrosis. 

Syphilis  of  tendons  is  usually  restricted  to  the  tertiary  stage  of  the 
disease  and  consists  of  single  or  multiple  gummata. 

Tuberculosis  of  tendons  usually  results  from  infection  primary  in  the 
joint  or  para-articular  structures,  or  in  the  tissues  surrounding  the  tendon. 
In  rare  instances  it  is  due  to  infection  of  wounds  in  contiguous  tissues. 

"1  he  lesion  may  be  serous  or  serofibrinous;  rice  bodies  are  frequentlv 
present.  It  is  rarely  primary. 

Primary  tumors  of  tendons  are  exceedinglv  rare.  Lipomata  are 
occasionally  observed.  The  so-called  myeloid ' tumor  of  the  tendon 
sheaths  is  usually  small,  firm,  and  circumscribed ; growth  is  slow.  Bellamy1 
concludes  that  the  neoplasm  is  of  endothelial  origin  and  should  be  termed 

myeloid  endothelioma. 


burs.t:. 

The  most  frequent  affection  of  the  bursae  is  inflammation — bursitis 
which  may  be  acute  or  chonic.  Serous,  serofibrinous,  and  suppurative 
forms  of  acute  bursitis  follow  the  usual  course  of  inflammation  of  the 
serous  membranes  (see  p.  455).  They  are  nearly  always  of  traumatic 
origin.  Chrome  serous  bursitis  gives  rise  to  distention 'of  the  affected 

1 Jour.  Path,  and  Bact.,  Nov.,  1901. 
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bursas  and  usually  is  the  result  of  mild  and  repeated  trauma.  The  condi- 
tions called  house-maid’s  knee  and  minister’s  knee  are  usually  of  this 
type  although  acuter  forms  are  recognized.  Rice  bodies  are  sometimes 
present  and  occasionally  the  sac  contains  calcareous  areas  or  masses 
of  cartilage. 

Tumors  of  bursae  are  usually  fibromata,  myxomata,  sarcomata,  or  endo- 
theliomata. 


CHAPTER  XV. 


BONES  AND  JOINTS. 

THE  BONES. 

Normal  Structure. — Histologically,  bone  consists  of  a modified  form 
of  connective  tissue  presenting  certain  structural  peculiarities  in  dif- 
ferent bones  and  in  different  parts  of  the  same  bone.  The  long  bones, 
except  at  the  articular  ends,  are  covered  by  a membrane  called  the 
periosteum.  This  structure  consists  of  dense  connective  tissue  which  is 
divided  into  two  distinct  layers.  The  outer  layer  affords  attachment 
for  the  aponeuroses,  tendons,  ligaments,  and  fasciae,  with  which  it  is  practi- 
cally continuous.  It  is  comparatively  rich  in  blood-vessels,  some  of 
which  pass  to  the  underlying  layer  and  afford  additional  nutrition  to  the 
adjacent  bone.  As  a result  of  its  intimate  association  with  the  sur- 
rounding tissues,  this  layer  of  the  periosteum  is  subject  to  the  diseases, 
particularly  the  chronic  infective  processes,  involving  adjacent  structures. 
It  is  intimately  connected  with  the  underlying  or  genetic  layer,  from 
which  it  cannot  always  be  easily  differentiated,  the  two  forming  a fairly 
uniform  membrane.  The  outer  layer  is  composed  of  dense  fibrous  tissue; 
the  inner  is  richer  in  elastic  tissue,  and  immediately  adjacent  to  the 
superficial  stratum  of  bone  it  contains,  in  varying  numbers,  osteoblastic 
elements,  through  the  activity  of  which  the  circumferential  growth  of 
the  bone  is  accomplished.  The  degree  of  adhesion  between  the  inner 
layer  and  the  bone  proper  varies.  Besides  the  somewhat  loose  cellular 
attachment,  the  genetic  layer  is  further  secured  in  many  localities  by  the 
presence  of  certain  fibers  that  penetrate  the  compact  portion  of  the  bone, 
and  also  by  the  vascular  communication  between  the  two  structures, 
through  which,  in  part,  the  nutrition  of  both  is  maintained. 

Immediately  adjacent  to  the  periosteum  is  the  compact  portion  of  the 
bone,  while  still  deeper  the  supporting  osseous  structure  assumes  a 
spongy  consistence,  constituting  the  spongy  layer.  The  quantity  of 
compact  tissue,  as  compared  with  the  spongy,  varies  in  different  bones 
and  is  not  uniform  for  all  parts  of  the  same  bone.  Thus,  in  the  long 
bones  there  is  a relatively  thick,  compact  layer  in  the  shaft,  w'hile  the 
extremities  are  composed  for  the  most  part  of  spongy  tissue  covered 
by  a thin  shell  of  compact  bone.  The  circulation  of  fluids  within  the 
compact  portion  of  the  bone  is  secured  through  the  presence  of  two 
systems  of  channels— one  of  which  is  formed  by  Volkmann’s  canals  and  the 
other  by  the  Haversian  canals.  The  latter  differ  from  the  former  in  the 
fact  that  each  canal  constitutes  the  center  of  a lamellar  system.  Around 
this  central  space  are  arranged  successive  plates  of  osseous  ground-sub- 
stance, constituting  the  Haversian  lamellae.  Between  the  latter  are  in- 
complete or  partial  lamellae,  called  the  interstitial  lamellae,  while  at  the 
periphery,  immediately  under  the  periosteum,  are  the  periosteal  or  outer 
circumferential  lamellae.  W ithin  the  various  lamellae  already  mentioned 
are  smaller  canals,  called  the  lacunae.  The  compact  layer  of  the  bone, 
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projected  inward  toward  the  medulla,  divides  the  inner  area  into  irregular 
spaces,  resembling  the  cavities  found  in  a sponge,  and  hence  this  portion 
of  the  bone  is  called  the  spongy  layer.  In  the  meshes  of  this  sponge-like 
tissue  is  held  the  bone-marrow,  which  further  occupies  the  central  canal 
or  cavity  of  bone. 

Bone-marrow.1 — Microscopically,  two  kinds  of  marrow  are  recog- 
nized: (i)  A red  marrow,  composed  of  a connective-tissue  reticulum 
holding  in  its  meshes  certain  cellular  elements.’  (See  Figs.  410  and 
41 1.)  Conspicuous  among  the  cells  of  the  marrow  are  the  uninucleated 


a b 


Fig.  410. — Section  of  Bone-marrow  of  Rabbit,  Showing  the  Delicate  Connective-tissue  Reticu- 
lum Containing  the  Different  Elements  of  the  Marrow.  X400.  ( Schafer .) 

a,  h.  Hematoblasts.  b,  g.  Eosinophilous  cells  (granule  cells),  c,  d ._  Marrow  cells  (plasma  cells). 
e.  Connective-tissue  reticulum.  /.  Fat  space,  i.  Giant  cell. 

and  multinucleated  giant  cells.  Some  of  these  cells  attain  diameters 
three  or  four  times  that  of  the  polymorphonuclear  leukocyte,  while  cells 
tinctorially  and  structurally  identical,  but  much  smaller  in  size,  are  to  be 
recognized  as  probably  miniature  myeloplaxes.  Leukocytes  and  the  an- 
cestral cell — the  leukoblast — are  present  in  varying  stages  of  development; 
if  it  is  assumed  that  the  white  blood-cells  are  different  throughout  their 
life  history,  then  it  must  be  stated  that  all  kinds  of  leukocytes  are  found 
in  the  bone-marrow.  (See  Table  of  Leukocytes,  pp.  406  and  407.)  The 
bone-marrow  also  contains  a cell  presumed  to  be  the  parent  of  the  eryth- 
rocyte— called  the  erythroblast.  The  latter  is  nucleated;  the  nucleus 
possesses  the  usual  affinity  for  basic  dyes,  while  the  cell  cytoplasm  gives, 
to  a varying  extent,  the  tinctorial  reaction  of  protoplasm  containing  hemo- 

1 Dickson,  The  Bone-marrow,  New  York,  1908. 
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globin.  The  amount  of  fat  present  in  this  type  of  marrow  varies,  but 
it  is  usually  not  abundant. 

The  (2)  yellow  marrow  is  composed  largely  of  fat,  and  contains  but 
few  of  the  special  cellular  elements  just  described,  and  even  these  are 
not  present  in  many  localities. 

The  nutrition  of  bone  is  secured  through  an  abundant  blood-sup- 
ply  entering  by  means  of  the  vascular  twigs  in  the  periosteum,  to  which 
reference  has  already  been  made,  as  well  as  by  special  nutritive  branches. 
The  vascular  twigs  from  the  periosteum  pass  through  the  Haversian  and 
Volkmann’s  canals,  communicating  with  branches  from  the  bone-marrow 
having  their  origin  in  the  nutritive  vessels  passing  through  the  compact 
portion  of  the  bone  directly  to  the  marrow  tissue  During  the  earlier 
periods  of  osseous  growth  a high  degree  of  vascularity  is  necessary  for  the 
general  nutrition  of  the  bone  as  well  as  for  its  enlargement  circumferentially 
and  axially.  In  long  bones  possessing  epiphyses  there  is  usually  an 
abundant  vascular  network  between  these  structures  and  the  shaft  properly 
so  called.  At  this  line  of  junction  the  veins  afford  communication  between 


Fig.  41  i. — Elements  op  Human  Bone-marrow.  X 600. 

1 to  5.  Various  forms  of  bone-cells.  6.  Eosinophilous  cell.  ( Stohr .) 

the  overlying  tissues  and  the  bone-marrow,  and  hence  infective  or  in- 
flammatory processes  attacking  these  special  areas  are  extremely  prone 
to  involve,  when  arising  externally,  the  medulla,  and,  when  beginning 
in  the  marrow,  can  extend  through  the  vascular  disc  to  the  para-osteal 
structures. 

For  a description  of  the  process  by  which  bone  is  developed  the  student 
is  referred  to  standard  text-books  on  histology  and  ebrmyology.  There 
is,  however,  one  element  deserving  of  special  consideration,  by  reason  of 
the  fact  that  it  has  important  bearings  on  morbid  processes  affecting  the 
bones,  and,  even  when  pathologic,  usually  closely  resembles  the  normal 
process.  The  condition  to  which  reference  is  made  is  called  osseous 
resorption.  Bone  is  absorbed  through  the  intervention  of  large  nucleated 
masses  of  protoplasm  which  constitute  one  form  of  giant  cells;  these 
bodies  apply  themselves  directly  to  the  calcified  matrix,  within  which 
they  excavate  small  cavities,  called  Howslip's  lacunce.  The  particular 
cells  accomplishing  this  function  are  called  osteoclasts.  Conclusive  evi- 
dence as  to  the  method  by  which  they  bring  about  the  excavation  in  the 
calcified  matrix  is  still  wanting.  It  is  reasonable,  however,  to  assume 
that  the  cell  secretes  a material  which  liquefies  and  renders  absorbable 
the  dense  structure;  the  process  may  therefore  be  regarded  as  closely 
allied  to  certain  forms  of  phagocytosis  (pp.  59  and  286).  In  growing 
bone,  while  the  osteoclasts  are  gradually  leading  to  osseous  absorption 
in  the  interior,  the  exterior  is  receiving  additional  bone,  laid  down  by 
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cells  already  mentioned  as  present  in  the  genetic  layer  of  the  periosteum, 
and  called  osteoblasts.  This  form  of  osteogenesis  is  called  osseous 
apposition. 

Malformation  of  Bone. — In  the  osseous  skeleton  many  perversions 
of  development  occur.  These  are  usually  manifested  by  defective  or 
perverted  bone  formation,  which  may  be  due  to  recognizable  diseases 


Fig.  412. — Achondroplasia.  (Comby,  courtesy  of  Dr.  Richardson.) 


of  the  blood-vessels  or  may  arise  without  a demonstrable  cause.  As  the 
larger  part  of  the  osseous  skeleton  is  preceded  by  a stage  of  cartilage, 
any  defect  in  the  laying-down  of  this  primary  enchondral  matrix  (achon- 
droplasia) becomes  manifest  in  the  later  growth  and  development  of  the 
bone.  As  cartilage  is  not  absent  the  term  achondroplasia  is,  in  a way, 
unacceptable.  That  the  affection  is  characterized  by  trophic  disturbance 
of  the  cartilage  is  evident,  and,  therefore,  the  term  chondrodystrophia 
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foetalis1  is  appropriate.  Achondroplastics  are  short,  about  one  meter  in 
height,  the  limbs  short,  frequently  bowed,  the  separation  between  the 


Fig.  413. — Chondro-dystrophia  Fcetalis.  ( Birnbaum 


second  and  third  fingers  unusually  marked  giving  rise  to  the  trident  hand 
the  base  of  the  nose  depressed,  the  vault  of  the  cranium  relatively  lar^e 

LaACet’  JMne,V9°6'  ?;  1 598-  ' Fussell,  McCombs,  DeSchweinitz  and 
nancoast,  Jour.  Amer.  Med.  Assoc.,  Nov.  13,  iqoq,  p.  1614. 
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and  the  base  contracted;  the  pelvis  is  small,  in  the  female  frequently- 
interfering  with  labor  and  requiring  Cesarean  section.  A number  of 
types  of  the  affection  have  been  described  but  it  is  not  certain  that  they 
are  properly  considered  together  or  clearly  distinct. 

Closely  related  to  the  condition  just  described  is  an  affection  called 
osteogenesis  imperfecta.1  It  is  probable  that  this  condition  is  not  neces- 
sarily fetal.  The  bones  are  exceedingly  fragile  and  the  frequency  with 
which  fractures  occur  justifies  the  name  idiopathic  osteopsathyrosis. 
The  flat  bones  of  the  cranial  vault  are  replaced  by  small  irregular  frag- 
ments often  not  articulating  but  joined  by  membrane.  The  condition 
may  be  inherited  and  is  sometimes  familial.  In  a new  bom  child  Chaussier 
counted  113  fractures. 

Aside  from  defects  in  the  initial  process  of  osseous  growth,  there  is  to 
be  recognized,  later,  certain  malformations  depending  upon  local  or 
restricted  failure  in  the  extent  of  growth ; or  it  would  be  better  to  say 
the  formation  of  the  bone  is  not  completed.  Thus,  arches  may  fail  to 
coalesce,  as  is  observed  in  the  superior  maxilla,  where  developmental  arrest 
gives  rise  to  harelip  (see  p.  685),  cleft  palate,  etc. ; or  in  the  chest,  resulting 
in  the  formation  of  a fissure  that  may  extend  the  entire  length  of  the 
sternum.  A posterior  fissural  deficiency  is  sometimes  present  in  the 
spinal  column,  the  lamina  of  the  vertebrae  having  failed  to  complete  the 
arch  that  normally  forms  the  posterior  wall  of  the  spinal  canal,  giving 
rise  to  the  presence  of  a fissure,  constituting  a condition  known  as  rhachis- 
chisis.  (See  Malformations  of  the  Central  Nervous  System.) 

Agenesis  may  be  restricted  to  one  bone,  or  even  to  a part  of  the  bone, 
or  it  may  be  more  extensive,  involving  the  osseous  structures  of  a large 
area.  Sometimes  the  defective  development  is  remarkably  uniform,  all 
the  bones  of  the  skeleton  being  influenced  to  approximately  the  same 
degree,  giving  rise  to  the  typically  symmetric  and  accurately  miniature 
individual  called  the  dwarf — microsomia,  nanosomia  (see  p.  212).  In 
other  cases  the  arrest  in  growth  is  restricted  to  certain  areas  or  to  single 
bones,  leading  to  asymmetry,  one  limb  or  one  part  of  the  pelvis  or  one 
side  of  the  chest  showing  a development  that  approximates  the  normal 
and  is  far  in  excess  of  that  attained  by  the  opposite  side. 

Of  the  ultimate  cause  of  these  conditions  little  is  known.  Local 
arrests  may  depend  upon  morbid  processes  influencing  the  nutritive 
organs  during  developmental  stages;  prominent  among  the  causes  acting 
in  this  way  may  be  mentioned  rickets  and  syphilis.  The  deformities 
indicated  are  commonly  attributed  to  inheritance,  diseases  of  the  thyroid 
gland,  intrauterine  conditions  including  the  influences  of  heredity  and 
maternal  diseases,  and  imperfect  osteogenesis;  it  must  be  evident  that 
such  explanations  are  insufficient  and  unsatisfactory. 

It  is  equally  difficult  to  explain  the  remarkable  overgrowth  of  bone 
occasionally  observed.  The  fact  that  osseous  overgrowth  is  sometimes 
associated  with  diseases  of  the  hypophysis  cerebri  (see  p.  814)  offers  but 
little  aid  in  our  effort  to  solve  this  obscure  problem.  Knowing  little 
concerning  the  functions  of  the  hypophysis,  it  is  quite  impossible,  for  the 
present  at  least,  to  infer  the  actual  relation  existing  between  morbid 
processes  in  this  organ  and  the  tissue  overgrowth  involving  the  bones 
and  other  tissues.  In  acromegaly  (see  p.  814)  a more  or  less  uniform 
enlargement  of  many  of  the  bones  of  the  skeleton  occurs.  There  is  true 

1 Lovett  and  Nichols,  Brit.  Med.  Jour.,  Oct.  13,  1906.  Simmons,  Pub.  Massa- 
chusetts Gen.  Hosp.,  Oct.,  1908. 
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increase  in  length  and  circumferential  enlargement  due  to  the  deposit 
of  the  osseous  matter  in  the  subperiosteal  layers,  either  alone  or  associated 
with  osteophytic  excrescences. 

Changes  in  the  bone-marrow  resulting  from  the  influence  of  systemic 
conditions  and  often  independent  of  local  disease,  properly  so  called, 
are  now  well  known.  Reference  has  been  made  to  structural  alterations 
affecting  this  tissue  in  pernicious  anemia  (p.  420)  and  leukemia  (p.  423). 
Muir1  and  others  have  shown  that  certain  medicaments  increase  the 
number  of  erythroblasts,  and  possibly  in  other  ways  stimulate  the  hem- 
atogenic functions  of  the  medullary  tissues.  Henke  has  specially  in- 
vestigated the  bactericidal  properties  of  the  marrow,  and  a number  of  ob- 
servers2 have  demonstrated  that  it  undergoes  important  changes  in  certain 
intoxications  and  many  infections.  In  acute  infections  the  leukocyte- 
forming function  is  usually  stimulated,  areas  of  necrosis  are  commonly 
present,  and  the  phagocytic  qualities  of  the  marrow  are  increased.  In 
chronic  infections  fatty  marrow  is  sometimes  replaced  by  the  more  cellular 
form  and  evidences  of  increased  hematogenesis  are  occasionally  marked. 

Hemorrhage  under  the  periosteum,  giving  rise  to  more  or  less  de- 
tachment of  the  membrane,  occurs  in  scurvy,  and  other  blood  dyscrasias, 
and  in  cephalhematoma;  the  last-named  condition  results  from  the 
trauma  of  labor.  The  extent  of  the  hemorrhage  largely  depends  upon 
its  cause,  and  upon  the  resistance  of  the  individual.  In  marked  cases 
of  infantile  scurvy  the  periosteum  may  be  dissected  loose  from  the  bone 
over  a large  area,  so  that  the  shaft  of  the  femur,  for  example,  may  show 
a periosteal  attachment  at  each  end  only,  the  intermediate  area  "having 
been  detached  by  the  extravasated  blood  which  later  coagulates.  The 
immediate  sequences  and  ultimate  results  of  such  hemorrhage  largely 
depend  upon  the  presence  or  absence  of  infection.  When  bacteria  or 
bacterial  products  are  excluded,  death  of  the  bone  is  usually  averted, 
more  or  less  absorption,  and,  later,  organization  of  the  effused  blood 
taking  place.  In  the  presence  of  infection,  suppuration  with  extensive 
necrosis,  septicemia,  pyemia,  and  death  constitute  the  ordinary  sequence 
of  events. 

Periostitis.—  Inflammation  of  the  periosteum  may  be  acute  or  chronic, 
simple  or  noninfective  and  unassociated  with  the  presence  of  bacteria, 
or  it  may  be  suppurative. 

Acute  Simple  Periostitis. — Under  this  head  must  be  grouped  the  more 
or  less  trifling  inflammatory  and  reparative  changes  resulting  from  bruises 
and  other  injuries  of  the  periosteum,  and  unattended  by  infection. 

Under  such  circumstances  the  periosteum  is  swollen,  and  may  be 
separated  from  the  underlying  bone  by  subperiosteal  hemorrhage.  The 
density  of  the  periosteum  militates  against  the  occurrence  of  marked 
redness  and  injection,  although  they  may  be  present.  Quickly  following 
the  injury  and  hemorrhage,  absorption  of  the  blood  begins;  this  is  ac- 
companied by  a varying  amount  of  proliferation  of  the  connective  tissue, 
including  the  genetic  layer  of  the  periosteum,  with  more  or  less  leu- 

1 Jour,  of  Path,  and  Bact.,  Nov.,  igot. 

. Muir,  Trans.  Path.  Soc.  of  London,  1902,  vol.  liii,  p.  379.  Graag,  La  Presse, 
Med.,  Aug.  8,  1903.  Frankel,  Mitteil.  a.  d.  Grenzgebiet.  d.  Med.  u.  Chir.,  Bd.  xii, 
No.  4.  Longcope,  Bull,  of  Ayer  Clin.  Lab.  of  the  Penna.  Hospital,  Jan.,  1903,  No.  2'. 
Longcope,  Bull.  Ayer  Clin.  Lab.,  Dec.,  1907,  No.  4.  Wolownik,  Zeitsch.  f.  klin. 
Med.,  vol.  lvi,  Nos.  5 and  6.  Gutig,  Berl.  klin.  Woch.,  xlii,  No.  34.  Rossi,  Congres 
It  alien  de  med.  Int.,  Oct.,  1908.  Fischer,  Myeloische  Metaplasie  u.  Fotale  Blut- 
bildung,  1909.  Lossen,  Virch.  Arch.  Bd.  cc,  H.  2,  1910,  p.  258. 
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kocytic  infiltration.  The  extruded  blood  is  largely  removed  through  the 
activity  of  phagocytes,  and  the  resulting  cellular  accumulation  proceeds 
to  the  formation  of  cicatricial  tissue,  which  may  become  calcified  or  be 
converted  into  bone  by  the  osteoblastic  elements  present  in  the  periosteum. 

Acute  suppurative  periostitis  commonly  follows  trauma  with  infection, 
although  mycotic  lodgment  in  the  periosteal  structures  may  occasionally 
occur  without  any  antecedent  injury  sufficiently  important  to  be  recalled 
by  the  patient  at  the  time  when  symptoms  first  manifest  themselves. 
It  may  be  secondary  to  osteomyelitis. 

The  organisms  most  frequently  associated  with  this  condition  are  the 
pyogenic  cocci,  the  colon  bacillus,  the  pneumococcus,  the  gonococcus, 
occasionally  the  typhoid  bacillus,  and  less  frequently  other  microbes. 
Bacteria  may  reach  the  point  of  colonization  by  means  of  the  blood,  as 
their  frequent  presence  in  the  circulation  is  now  conceded  by  all  who 
have  studied  the  question.  In  other  cases  the  infection  is  direct,  as  by 
trauma.  The  periostitis  just  described  may  be  converted  into  the  sup- 
purative form  by  the  lodgment  of  bacteria  at  the  newly  evolved  area  of 
diminished  resistance.  When  a preinfective  stage  is  present,  the  changes 
during  that  period  are  those  already  described  as  present  in  the  acute 
simple  form. 

With  the  inception  of  infection,  coagulation  and  liquefaction  ne- 
croses promptly  occur  and  polymorphonuclear  leukocytes  accumulate 
in  large  numbers,  converting  the  inflammatory  exudate  into  pus.  This 
always  tends  to  extend,  usually  involving,  to  a certain  extent,  the  under- 
lying bone,  which  is  further  influenced  by  the  fact  that  the  nutrition  to 
its  periphery  is  imperilled  by  separation  of  the  periosteum.  The  density 
of  the  fibro-elastic  membrane  does  not  favor  the  easy  escape  of  the  in- 
fective material,  and  hence  the  latter  frequently  detaches  the  periocteum 
for  some  distance  beyond  the  original  area  of  involvement.  The  rapidity 
and  the  extent  of  the  process  depend  upon  the  susceptibility  of  the  in- 
dividual and  upon  the  activity  or  rather  the  virulence  of  the  infective 
agent.  Thus,  in  debilitated  patients  trifling  initial  lesions  may  be  followed 
by  the  gravest  consequences,  and  when  the  lessened  protective  powers 
are  associated  with  virulent  infection,  extensive  necrotic  processes  com- 
monly ensue.  Occasionally,  the  suppuration  is  circumscribed,  the  bac- 
teria are  destroyed,  and  an  area  of  healed-in  suppuration  is  formed. 
In  other  instances  perforation  of  the  periosteum  takes  place  and  a para- 
osteal  suppuration  follows.  The  extension  of  the  infective  processes  may 
be  rapid,  often  surrounding  a contiguous  joint  and  inducing  a periarticular 
abscess.  In  other  instances  the  condition  leads  to  separation  of  the  epiph- 
ysis, and  even  penetrates  the  joint,  or  from  the  juxta-epiphyseal  line, 
may  involve  the  medulla  of  the  bone,  inducing  thereby  a more  or  less 
typical  osteomyelitis.  Occasionally,  the  infective  process  is  further  com- 
plicated by  the  presence  of  hemorrhage,  and  to  this  form  has  been  given 
the  name  hemorrhagic  periostitis. 

A chronic  inflammatory  process  occurs  in  the  periosteum,  and  has 
been  called  fibrous  periostitis.  It  is  at  times  to  be  regarded  as  a con- 
sequence of  the  simple  acute  periosteal  inflammation;  in  other  cases 
syphilis  appears  to  be  the  cause;  and  in  still  other  instances  it  is  second- 
ary to  inflammatory  and  infectious  diseases  primarily  in  adjacent  tissues. 
It  is  essentially  chronic  from  the  beginning,  lasting  for  years,  is  not 
usually  associated  with  marked  symptoms  of  prominent  tissue  changes, 
and  but  rarely  is  transformed  into  a more  grave  type  of  periosteal  disease. 
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The  periosteum  is  thickened,  extremely  dense,  and  firmly  attached 
to  the  underlying  bone.  Calcareous  deposits  may  be  present  in  the 
newly  formed  sclerotic  tissue,  and  may  be  projected  into  attached  tendons 
and  fasciae,  giving  rise  to  calcified  masses  closely  resembling  the  results 
of  the  so-called  ossifying  periostitis.  (See  Figs.  417  and  418.)  In  the 
latter  condition  there  are  bony  outgrowths  (osteophytes),  which  are  pro- 
jected into  the  adjacent  tissues  and  sometimes 
form  masses  of  unusual  size.  Rarely,  the  out- 
growth is  uniform,  increasing  the  diameter  of 
the  bone;  and,  as  it  is  unassociated  with  a cor- 
responding increase  in  length,  thickening  and 
other  deforming  processes  may  result.  The 
compact  layer  always  appears  considerably 
thicker  than  the  normal  bone.  The  formation 
of  new  tissue,  both  osseous  and  fibrous,  has  led 
to  the  condition  being  called  chronic  productive 
osteoperiostitis,  or  where  bone  or  osteoid  tissue 
is  formed  the  process  is  known  as  osteoplastic 
periostitis. 

Closely  allied  to  the  suppurative  inflamma- 
tions of  the  periosteum  is  periostitis  albuminosa. 

That  the  inflammation  is  essentially  of  infective 
origin  is  indicated  by  the  frequency  with  which 
pyogenic  organisms  are  found  in  the  exudate; 
and  that  the  infection  differs  from  the  ordinary 
infective  processes  in  bone  is  further  indicated 
by  the  course  of  the  disease  and  the  character  of 
the  discharge.  The  inflammation  is  not  usually 
restricted  to  the  periosteum,  but  involves  the 
adjacent  compact  portion  of  the  bone  (osteitis) 
or  the  bone-marrow  (osteomyelitis),  and  in 
some  cases  both.  The  discharge  often  manifests 
but  little  resemblance  to  pus,  although  it  fre- 
quently contains  pyogenic  organisms  and  a con- 
siderable number  of  polymorphonuclear  leuko- 
cytes. It  is  rich  in  albumin  and  contains  some 
sugar  and  the  usual  bone  salts.  Ordinarily,  it 
is  fluid  in  character,  although  it  may  be  semi- 
fluid, and  on  standing  sometimes  coagulates  as  a 
whole  or  may  be  separated  into  layers,  the 
uppermost  of  which  appears  oily,  with  a varying 
amount  of  coagulation  in  the  strata  below. 

Occasionally,  the  inflammatory  and  necrotic 
processes  are  partly  encapsulated. 

Anemia,  hyperemia,  and  congestion  of  bone  are  of  little  pathologic 
importance  when  considered  as  simple  processes.  The  absence  of  elasticity 
prevents  any  unusual  degree  of  vascular  distention,  and  therefore  limits 
the  possibility  of  abundant  arterial  influx  or  venous  accumulation.  This 
statement  does  not  imply  that  the  amount  of  blood  within  the  bone  can- 
not vary.  Variations,  however,  are  slight,  and  even  with  extensive  in- 
flammatory processes  the  evidence  of  vascular  distention  may  be  wanting 
in  general  anemia,  and  when  obliterative  lesions  in  the  blood-vessels 
such  as  result  from  syphilis,  have  affected  the  arteries  leading  to  the  bone’ 
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a varying  amount  of  anemia  may  occasionally  be  recognized.  During 
the  active  stage  of  osseous  evolution  and  growth,  and  before  the  comple- 
tion of  development,  the  blood-supply  to  the  bones  is  relatively  abundant,  j 
With  completion  of  the  osseous  matrix,  and  later,  when  marrow  trans- 
formation has  been  accomplished,  the  amount  of  blood  present  in  the  bone 
is  greatly  diminished.  During  various  processes  the  blood-supply  is  mani- 
festly increased,  and  retardation  of  exit  may  intensify  vascular  distention, 
but  the  inelasticity  of  the  Haversian  canals  more  or  less  limits  even  inflam- 
matory hyperemia.  The  changes  in  the  bone-marrow  seen  in  pernicious 
anemia  have  been  regarded  by  some  authorities  as  evidence  of  hyperemia. 
The  conversion  of  the  fatty  marrow  into  the  richly  cellular  marrow,  as  is 
sometimes  seen  in  that  disease,  as  well  as  in  leukemia,  certainly  implies 
an  increased  blood-supply;  but  here  the  increased  supply  of  blood  con- 
stitutes a part  of  the  local  formation  of  new  marrow,  and  is  scarcely  to  be 
considered,  in  the  present  state  of  our  knowledge,  as  a primary  medullary 
process. 

Hypertrophy  of  Bone. — In  giants  the  extensive  overgrowth  of  bone 
is  regarded  by  some  as  essentially  a process  of  hypertrophy.  As  is  well 
known,  this'  is  at  times  remarkably  symmetric  and  universal;  in  other 
instances  the  osseous  overgrowth  is  restricted  to  one  or  more  bones  and 
sometimes  to  the  bones  of  a single  member  or  to  a single  bone.  The 
cause  is  unknown. 

It  is  probable  that  leontiasis  ossea1  and  hemihypertrophy  of  the  face  are 

processes  closely  allied  to  acromegaly,  although  at  present  we  can  in  no 
way  designate  the  character  of  the  relationship.  Leontiasis  ossea  consists 
of  a diffuse  hyperostosis  involving  the  bones  of  the  face  and  later  those  of 
the  cranium.  As  a rule  it  begins  in  the  superior  maxillae,  is  symmetric  and 
may  be  restricted  to  the  upper  jaw  or  the  mandible;  in  other  cases  all  the 
bones  of  the  head  are  affected.  The  bones  of  the  trunk  and  extremities 
are  not  involved.  The  cause  of  the  affection  is  unknown;  its  occasional 
association  with  acromegaly  (p.  814)  is  suggestive  of  a disturbance  of 
internal  secretion;  its  occasional  association  with  giantism  is  also  suggestive 
of  this  possibility. 

Pulmonary  hypertrophic  osteoarthropathy2  is  a condition  presenting 
some  of  the  characters  of  acromegaly,  but  is  probably  a distinct  affection. 
The  club  deformity  of  the  hand  is  absent  in  acromegaly  and  the  process 
is  symmetric.  In  the  disease  under  consideration  the  bones  of  the 
cranium  are  not  involved.  Marie,  who  first  described  the  disease,  be- 
lieved it  was  due  to  the  absorption  of  some  substance  from  the  lungs 
and  pleura,  the  seat  of  an  inflammatory  process;  he  therefore  called  the 
disease  osteoarthropathie  hypertrophiante  pneumonique.  Godlee  believes 
that  a number  of  conditions  are  included  under  the  one  name;  in  his 
patient  the  symptoms  of  pulmonary  osteoarthropathy  disappeared  after 
a long-standing  empyema  had  discharged  through  a bronchus;  the  toxic 
nature  of  the  affection  is  generally  accepted.  The  hands  and  feet  are 
symmetrically  enlarged,  bones  and  soft  parts  participating  in  the  enlarge- 
ment. The  distal,  rarely  the  proximal,  ends  of  the  radius  and  ulna  and  of 
the  tibia  and  fibula,  show  peripheral  (subperiosteal)  thickening  resembling 
that  observed  in  periostitis,  indeed,  Thoburn  and  Westmacott  look  upon 

1 Ager,  Arch,  of  Pediatrics,  Jan.,  1909.  Clark,  Boston  Med.  and  Surg.  Jour., 
Feb.  17,  1910. 

-Hall,  Edinburgh  Med.  Jour.,  Aug.,  1905.  Weber,  Proceed.  Royal  Soc.  Medi- 
cine, April,  1909,  No.  6,  vol.  ii. 
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the  process  as  essentially  a chronic  osteoplastic  periostitis.  Spinal  curva- 
ture is  sometimes  present. 

Aside  from  the  conditions  just  described,  there  is  occasionally  ob- 
served evidence  of  osseous  overgrowth  that  cannot  be  properly  con- 
sidered with  any  of  the  foregoing  conditions.  As  an  example  of  this 
morbid  condition  may  be  cited  certain  local  overgrowths  of^bone  closely 
resembling  tumors.  These  are  sometimes  projected  from  the  compact 


FlG-.  4IS- — Osteophytes  on  the  Popliteal  Aspect  of  the  Lower  End  of  the  Femur. 

A,  A.  Articular  surfaces.  B.  Compact  osteophyte.  C.  Spongy  osteophyte  undergoing  caries  as  a result 
ot  ulceration  of  the  overlying  soft  parts  and  extension  of  infection  to  the  bone.  To  the  right  of  D is 
a spicular  osteophyte,  and  just  below  is  a boss,  evidently  illustrating  an  earlier  stage  in  osteophvtic 
growth. 

portion  of  the  bone  into  the  marrow  cavity,  constituting  enostoses; 
more  commonly  growths  upon  the  surface  of  the  bone  extend  outward 
into  the  adjacent  tissues;  when  small,  these  are  called  osteophytes,  and 
if  large,  exostoses.  Fere  and  Deniker1  have  called  attention  to  symmetric 
exostoses  for  which  there  is  no  satisfactory  explanation.  When  arising 
purely  from  the  periosteum,  and  particularly  when  the  origin  is  from  the 
superficial  layer,  which  has  feeble  bone-producing  powers,  these  masses 
may  be  movable.  Under  such  circumstances  they  are  sometimes  called 
periostoses.  The  growth  of  bone  along  the  course  of  tendinous  attaeh- 

1 Revue  de  Chir.,  April  10,  1904,  p.  544. 
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ment  is  by  some  regarded  as  a form  of  hypertrophy.  An  exceedingly 
interesting  form  of  infective  exostosis  sometimes  accompanies  gonorrhea, 
involves  the  heel,  and  is  consequently  called  gonorrheal  exostosis  of  the 
os  calcis.1  Baer  believes  that  the  tendon  of  the  flexor  brevis  digitorum 
is  primarily  affected  and  that  the  exostosis  is  projected  from  the  mus- 
cle attachment  to  the  tubercle  of  the  os  calcis.  The  osseous  overgrowth 
resulting  from  inflammation,  infection,  and  injury  had  probably  best  be 
considered  with  those  processes.  The  hyperplasia  resulting  from  the 
administration  of  such  agents  as  arsenic  and  phosphorus  merits  no  special 
consideration. 

Atrophy  of  Bone. — Occasionally,  atrophic  processes  begin  in  the 
osseous  layer  adjacent  to  the  medulla,  or  in  the  Haversian  lamellae,  and 
progress  toward  the  periphery,  constituting  what  is  termed  eccentric 
atrophy.  On  the  other  hand,  the  process  may  begin  immediately  under 
the  periosteum,  lessening  the  circumference  of  the  bone,  and  in  this  form 
it  is  called  concentric  atrophy.  In  other  forms  of  atrophy  the  osseous 
absorption  occurs  along  the  lines  of  the  Haversian  canals,  and  also  in- 
volves, to  a varying  degree,  the  spongy  layer.  As  a result  of  the  widening 
of  the  Haversian  canals,  the  bone  appears  spongy  or  porous,  and  the  con- 
dition has  received  the  name  osteoporosis ; the  absorption  following  the 
course  of  the  Haversian  system  has  led  to  its  being  known  as  Haversian 
atrophy.  As  the  disease  is  usually  associated  with  conversion  of  the  mar- 
row into  fatty  tissue,  it  has  been  termed — probably  incorrectly — fatty 
degeneration  of  bone.  Senile  atrophy 2 attacks  more  particularly  the  vault 
of  the  skull,  the  scapula,  and  the  pelvis — in  other  words,  the  flat  bones. 
It  is  also  seen  in  the  inferior  maxilla,  and  is  often  conspicuous  in  the  alveolar 
process.  As  a result  of  eccentric  and  concentric  atrophies  the  strength 
of  the  long  bones  may  be  materially  lessened  (acquired  or  symptomatic 
fragilitas  ossium3),  favoring  the  occurrence  of  fractures.  Disease  and 
injuries  involving  the  spinal  cord  and  nerve-trunks  are  sometimes  followed 
by  atrophic  processes,  neuropathic  atrophy , particularly  in  the  long  bones 
at  or  near  the  articular  extremities.  Injury  and  disease  of  contiguous 
structures  or  the  bone  itself  are  sometimes  attended  by  atrophy;  when  due 
to  the  first-named  cause,  the  condition  is  called  traumatic  atrophy,4 
and  when  resulting  from  inflammation,  inflammatory  atrophy.5 

Pressure  atrophy  of  bone  commonly  results  from  constantly  applied 
pressure,  even  of  a moderate  degree.  Pressure  of  cicatrices,  rapidly 
growing  tumors,  aneurysm,  and  fluid  accumulation  in  cavities  surrounded 
by  bone,  as  in  the  air  sinuses  of  the  face,  may  be  mentioned  as  causes  of 
pressure  atrophy.  The  aneurysm  shown  in  figure  252,  page  536,  caused 
pressure  atrophy  of  the  bodies  of  the  vertebrae.  A condition  closely 
allied  to  pressure  atrophy  is  the  osseous  resorption  resulting  from  tumor 
formation  or  chronic  infectious  processes  in  the  interior  of  bone,  as  not 
infrequently  occurs  in  the  inferior  maxilla  and  long  bones  of  the  limbs, 
where  neoplastic  destruction  of  the  interior  is  accompanied  by  continuous 
periosteal  proliferation  and  external  apposition.  A similar  condition 
is  at  times  observed  in  the  long  bones  as  a result  of  tumors  originating 

1 Winthrop,  Jour.  Amer.  Med.  Assoc.,  Aug.  28,  1909. 

2 Weber,  Brit.  Med.  Jour.,  Jan.  21,  1905,  p.  129. 

3 Biggs,  Univ.  of  Penna.  Med.  Bull.,  Feb.,  1903.  Smith,  Brit.  Med.  Jour.,  Oct.  3, 
1903,  p.  824. 

4 Imbert  and  Gagniere,  Bulle.  Official  de  la  Soc.  Franjaise  d’Electrotherapie  et  de 
Radiologie,  July  and  Aug.,  1904. 

3 Sudeck,  Deut.  med.  Woch.,  May  8,  1902. 
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in  the  medullary  space.  Under  such  circumstances  the  bone  may  assume 
enormous  proportions.  The  femur,  for  example,  is  sometimes  so  en- 
larged that  it  measures  from  12  to  15  cm.  in  diameter  and  may  possess  ex- 
ternally a layer  of  compact  bone  varying  in  thickness,  but  rarely  ap- 
proaching 0.5  cm. 

Halisteresis  is  probably  not  a true  atrophic  process,  although  it  is 
usually  considered  as  one  of  the  forms  of  osseous  atrophy,  and  consists, 
for  the  most  part,  in  the  removal  of  the  lime  salts  with  subsequent  changes 
m the  osseous  matrix.  Occasionally  it  is  a more  or  less  local  affection 
occurring  in  the  neighborhood  of  some  invading  process,  or  it  may  be 
general,  in  which  case  it  constitutes  the  disease  called  osteomalacia, 
mollifies  ossium  or  malacosteon. 

\\  hile  osteomalacia1  is  a disease  of  adults,  juvenile  and  senile  forms 
occur.  It  is  most  frequently  observed  in  females,  and  is  recognized  as 
one  of  the  possible  complications  of  pregnancy.  Lactation,  particularly 
when  prolonged,  is  believed  to  be  a determining  factor.  The  fact  that 
it  is  endemic  in  certain  localities  has  led  many  to  believe  that  it  is  in- 
fectious in  origin;  Moussu  and  Charrin  have  apparently  proved  that 
osteomalacia  is  transmissible.  In  the  puerperal  form  it  is  first  manifest 
m the  bones  of  the  pelvis,  to  which  structure  it  may  be  confined;  in  other 
cases  it  begins  in  the  bodies  of  the  vertebras,  and  the  first  evidence  is 
the  occurrence  of  lordosis,  kyphosis,  or  scoliosis.  The  bone-marrow  is 
yperemic,  and  may  contain  areas  of  hemorrhage.  It  is  usuallv  richly 
cellular,  and  sometimes  contains  cysts.  When  advanced,  the  bodies  of 
the  vertebrae  “may  be  squeezed  out  like  a sponge,”  and  the  ribs  are  easily 
bent  inward.  In  the  long  bones  the  osseous  wall  is  sometimes  no  thicker 
than  a sheet  of  paper,  and  can  be  easily  indented  by  the  finger.  The 
Pe deformity  is  commonly  quite  characteristic:  the  acetabulum  is 
pushed  inward,  the  iliac  crest  is  pulled  outward,  the  promontory  of  the 
sacrum  and  the  pubic  articulation  are  thrust  abruptly  forward'  Frac- 
tures occur,  and  may  be  repaired,  even  during  the  activity  of  the  process. 

Larly  m the  disease  the  histologic  changes  are  inconspicuous.  The 
bone  salts  are  removed,  and  usually  appear  in  excess  in  the  urine.  The 
rst  solution  of  the  lime  salts  appears  to  occur  at  the  periphery  of  the 
trabeculae  and  around  the  Haversian  canals.  The  process  may  there- 
fore be  considered  a decalcification  of  the  bone,  but  later  the  decalcified 
matrix  is  m part  absorbed ; or  it  may  be  converted  into  a coarsely  fibrous 
structure.  J 


The  essential  pathology  of  osteomalacia  remains  obscure.  Hoffmann 
called  attention  to  the  resemblance  between  the  relation  of  osteomalacia 
and  the  ovary  and  that  of  exophthalmic  goiter  and  the  thyroid.  Par- 
tial or  complete  thyroidectomy  improves  most  cases  of  exophthalmic 
goiter,  so  ovariotomy  is  at  once  followed  by  improvement  in  osteomalacia, 
toe  belief  that  osteomalacia  resulted  from  some  ovarian  hyperacidity  led 
kraenkel  to  suggest  the  use  of  ovarian  antibodies  in  the  treatment  of 
the  disease.  Bossi,  btocker,  Kownatzki,  and  others  have  suggested  that 
there  is  some  relation  between  the  adrenals  and  osteomalacia;  in  some 


1 Morpurgo,  Archiv.  p.  d.  Sci.  Med.,  Turin,  1907,  31,  p.  1 Bernstein  Rousskv 
SShUp'r'  ‘.907.  Fraenkel,  Munch,  med.  Woch.,  June  23,  1908  Hoffman/ 
Zentralbl.  f.  Gynak.,  May  2,  1908.  deBovis,  Sem.  Med  Mav  20  moS  wn 

AerzteB?/vMxed'iJooor'’  M?C  I^I9°8a  ftcTker’  Correspondent- Blktt  f.  Schweizer 

/verzte,  July  1,  1,509.  McCrudden,  Arch.  Intern.  Med  luno  it  mm  „ *7 

p T549  ’ ^ May'  ,9‘°-  KOT™»teW-  Wo  It,  jSly’lHilfo. 
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cases  adrenalin  treatment  has  given  encouraging  results.  Decalcification 
and  absorption  of  the  bony  matrix  remain  unexplained;  the  suggestion 
that  some  acid  (possibly  lactic)  is  responsible  has  not  withstood  experi- 
ment. To  call  the  process  a trophoneurosis  offers  no  solution. 

Inflammation  of  Bone. — As  a rule,  periostitis  causes  a certain  amount 
of  inflammation  in  the  adjacent  osseous  structures,  and  inflammation 
of  the  bone,  approaching  the  periosteum,  implicates  that  membrane. 
The  classification  and  subdivisions  of  bone  inflammation  embrace:  (1) 
Inflammation  of  the  compact  portion  of  the  bone  or  of  the  osseous  structure 
properly  so  called — a condition  termed  osteitis  or  ostitis ; (2)  an  inflamma- 
tion originating  in,  or  extending  to,  the  medullary  structures,  and  hence 
called  osteomyelitis.  Periostitis,  osteitis,  and  osteomyelitis  are  frequently 
concurrent. 

The  most  important  of  these  bone  inflammations  is  osteomyelitis.1 
The  process  is  essentially  an  infection  involving,  at  first,  the  softer  and 
more  richly  cellular  parts  of  the  bone.  The  organisms  most  frequently 
present  are  the  staphylococci,  and  usually  the  staphylococcus  pyogenes 
aureus.  In  a certain  percentage  of  cases  the  streptococcus  is  the  in- 
fecting microbe.  Osteomyelitis  depending  upon  the  presence  of  the 
pneumococcus,  the  Bacillus  typhosus,  the  Bacillus  coli  communis,  the 
bacillus  of  influenza,  and  occasionally  other  organisms,  occurs.  A true 
tuberculous  osteomyelitis  depends,  of  course,  upon  the  tubercle  bacillus. 
The  portal  of  entry  and  the  route  followed  by  the  invading  organism 
vary  in  different  cases.  Compound  fractures  and  wounds  exposing  the 
osseous  tissues  to  bacteria-laden  agents  may  be  taken  as  a type  of  direct 
infection.  In  preantiseptic  days  the  disastrous  results  of  compound 
fractures  were  due  to  the  introduction  of  bacteria  and  the  occurrence  of 
an  initial  osteomyelitis  that  rapidly  became  part  of  a general  septic 
process.  It  has  been  abundantly  shown,  however,  that  direct  infection 
is  not  necessary  to  the  occurrence  of  osteomyelitis,  as  bacteria  may 
reach  the  bone  in  other  ways.  Injury  of  the  bone  favors  the  occurrence 
of  infection  by  the  production  of  a point  of  least  resistance,  in  which 
bacterial  colonization  is  readily  accomplished.  A solution  of  continuity 
in  the  skin,  such  as  is  afforded  by  an  abrasion  or  a superficial  wound, 
may  offer  sufficient  facility  for  bacterial  ingress.  In  other  cases  no  such 
external  atrium  can  be  demonstrated.  In  these  instances  it  is  generally 
believed  that  the  bacteria  enter  the  circulation  by  means  of  the  respira- 
tory apparatus,  or,  probably  in  a larger  percentage  of  cases,  by  the 
alimentary  canal.  The  pharynx  and  tonsils  are  also  thought  to  be 
portals  of  entry.  The  disease  is  most  common  in  the  young,  being  es- 
pecially frequent  in  adolescence.  It  occurs,  however,  in  infancy,  and 
less  commonly  in  middle  life  or  in  old  age.  The  frequency  with  which 
the  young  are  attacked  is  probably  owing  to  the  character  and  abundance 
of  the  vascular  supply  to  the  growing  bone  and  on  account  of  the  very 
frequent  occurrence  of  injury.  A special  form  of  osteomyelitis2  occurs 
in  workers  in  mother-of-pearl. 

Initially,  the  disease  attacks  most  frequently  the  long  bones — the 
femur,  tibia,  humerus,  and  bones  of  the  forearm,  in  the  order  given. 

1 Hencke,  Centralbl.  f.  Bakt.,  Bd.  xxxiii,  H.  8,  p.  697;  and  Arch,  de  Sci.  Biol., 
I9°3.  v°h  x.  fasc.  2,  p.  x 7 1 . Nichols,  Jour.  Amer.  Med.  Assoc.,  Feb.  13,  1904,  p. 
439.  Durbach.  Munch,  med.  Woch.,  Sept.  20,  1904,  p.  1689.  Courmont  and 
Lesieur,  Lyon  Med.,  Dec.  18,  1904.  Kaye,  Practitioner,  April,  1909,  p.  503. 

2 Broca  and  Tridon,  Revue  de  Chir.,  Oct.  10,  1903,  p.  421. 
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It  may  be  first  manifested  in  the  periosteum  (periostitis),  reaching  the 
medullary  cavity  through  the  Haversian  canals  of  the  juxta-epiphyseal 
disc.  The  latter  point  is  sometimes  the  beginning,  and,  occasionally, 
the  disease  remains  limited  to  this  area,  constituting  a form  of  osteomyelitis 
known  as  acute  infectious  epiphysitis.  The  vascularity  of  this  area  and 
its  richness  in  venous  plexuses,  as  well  as  its  liability  to  injury,  render  it 
unusually  susceptible.  Although  the  long  bones  are  usually  attacked, 
other  osseous  structures  are  by  no  means  immune;  the  round  bones  of 
the  carpus  and  tarsus,  the  flat  bones  of  the  skull,  and  the  bodies  of  the 
vertebrae  are  sometimes  involved. 

With  the  entrance  of  the  invading  organism  inflammatory  processes 
are  at  once  inaugurated.  There  is  more  or  less  vascular  distention,  as- 
sociated with  thrombosis  of  many  of  the  vessels;  rapid  and  extensive 
leukocytic  invasion;  coagulation  necrosis,  followed  by  liquefaction  of  the 
intercellular  substance;  and  destruction  of  the  tissue,  leading  to  the 
development  of  purulent  foci.  Coalescence  of  these  areas  of  suppuration, 
as  well  as  extension  along  the  tract  of  the  marrow,  lead  to  rapid  disinte- 
gration of  this  substance.  The  extent  of  damage  depends,  as  in  most 
cases  of  infection,  upon  the  virulence  of  the  invading  organism  and  the 
activity  of  the  protective  forces.  In  some  instances  the  latter  are  in- 
sufficient, and  the  entire  marrow  cavity  of  the  bone  yields  before  the 
rapidly  advancing  process.  The  inflammation  reaches  and  involves 
the  periosteum,  which  often  becomes  detached;  the  nutrient  vessels  are 
thrombosed,  and  death  (necrosis)  of  a part,  or  of  the  entire  bone  follows. 
W ith  inflammation  of  the  epiphysis  penetration  of  the  contiguous  joint 
may  occur,  followed  by  suppurative  arthritis.  This  suppuration  not 
uncommonly  breaks  through  the  periosteum,  inducing  a paraosteal 
abscess  that  burrows  along  the  line  of  least  resistance  and  eventually 
reaches  the  skin,  through  which  it  ruptures.  The  dead  bone  is  called  a 
sequestrum. 

As  a result  of  the  septic  thrombophlebitis,  systemic  dissemination  of 
bacteria,  with  or  without  infective  emboli,  frequently  induces  the  gravest 
form  of  septicemia  or  pyemia.  The  evidences  of  intoxication  are  some- 
times pronounced,  and  death,  from  the  overwhelming  character  of  the 
poison,  may  precede  gross  evidence  of  the  infective  processes  in  the  bone 
involved.  Should  the  patient  survive  the  more  acute  inflammatory 
phenomena,  separation  of  the  dead  part,  and  attempted  regeneration 
of  the  bone  are  sooner  or  later  inaugurated.  (See  Caries  and  Necrosis 
p.  848.) 

In  some  instances  the  infective  process  is  limited,  constituting  a 
condition  spoken  of  as  circumscribed  osteomyelitis  or  osteal  abscess. 

Such  abscesses  may  be  extremely  minute,  rarely  exceed  from  1.5  cm. 
to  2.5  cm.  in  diameter.  They  occur  in  the  cancellous  structures  of  the 
long  bones,  and  are  more  common  in  the  upper  end  of  the  tibia  than 
in  all  other  situations  put  together.  Osteal  abscesses  of  long  duration 
are  usually  surrounded  by  a zone  of  sclerotic  or  indurated  bone  of  the 
densest  character,  and  after  such  effort  at  encapsulation  often  remain 
quiescent  for  an  indefinite  period.  On  the  other  hand,  injury,  weak- 
ened resistance,  or  possibly  other  causes  sometimes  lead  to  recrudes- 
cence of  a previously  inactive  focus. 

After  the  acute  stage  of  osteomyelitis,  whether  circumscribed  or 
diffused,  and  also,  though  less  frequently,  after  the  subacute  or  even  the 
chronic  form,  partly  localized  and  persistent  subacute  or  chronic  infective 
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process  may  remain.  These  are  commonly  manifested  by  the  presence  of 
sinuses  communicating  with  the  external  surface,  and  from  which  pus  is 
discharged;  or,  less  frequently,  as  in  diseases  of  the  pelvic  bones,  with 
some  hollow  viscus,  such  as  the  bladder  or  rectum.  Such  sinuses  are 
walled  by  granulation  tissue,  and  usually  communicate  with  some  cavity 
in  the  bone  or  an  area  of  suppuration  involving  its  exterior. 

Caries  and  necrosis  are,  in  many  instances,  little  more  than  necessary 
sequels  of  acute  osteomyelitis  or  suppurative  osteitis  and  might,  with 


Fig.  416. — Osteomyelitis  Involving  the  Tibia  and,  to  a 
Limited  Extent,  the  Lower  End  of  the  Femur.  (The 
disease  began  at  or  near  the  epiphysis,  and  the  case  was 
reported  under  the  title  of  acute  infectious  epiphysitis. 
The  limb  was  amputated  and  the  patient  recovered.  For 
detailed  report  see  “Medical  News,”  August  13,  1892.) 

A.  Patella  turned  backward  and  to  one  side,  showing  its  lower 
surface.  B.  The  lower  extremity  of  the  femur,  showing  the 
line  of  the  epiphysis  and  a distinct  border  of  fatty  degenera- 
tion just  where  the  epiphysis  joins  the  shaft.  In  the  lower 
extremity  of  the  femur  are  several  small  round  or  irregular 
dots  marking  the  position  of  abscesses  in  the  bone.  The 
periosteum  of  the  femur  is  slightly  thickened  just  above  the 
epiphyseal  line.  The  epiphysis  is  normal,  except  that  the 
cartilage  covering  it  is  superficially  eroded.  C,  D,  E.  Sawed 
section  of  the  tibia,  showing  the  condition  of  its  medul- 
lary canal ; at  the  upper  extremity  of  the  tibia  the  shaft  ter- 
minates in  a jagged,  irregular  extremity  that  has  been  in 
apposition  with  the  epiphysis.  The  epiphysis  is  placed  over 
on  one  side  at  H,  with  a view  of  the  upper  surface,  while  at 
I the  under  surface  is  shown.  Just  above  the  line  leading 
from  C are  two  abscesses  of  considerable  size;  below  this 
line,  and  extending  to  the  line  D , is  to  be  noted  the  detach- 
ment of  the  periosteum.  The  periosteum  is  much  thickened , 
the  thickening  fading  off  as  the  line  E is  approached.  At  C 
the  bone-marrow  was  intensely  red  (hyperemic)  and  there 
were  no  less  than  a dozen  small  abscess  cavities;  the  largest 
of  these  was  not  o.  5 cm.  in  diameter.  The  external  com 
pact  portion  of  the  bone  is  much  thickened,  and  just  oppo- 
site the  leader  from  the  letter  there  is  considerable  swelling 
along  the  line  of  the  periosteum.  The  lower  epiphysis  of 
the  tibia  does  not  show  to  advantage;  at  the  lower  ex- 
tremity of  the  shaft,  near  E,  can  be  seen  several  small  ab- 
scess cavities.  The  point  G is  the  seat  of  the  original  injury. 
F marks  the  metatarsophalangeal  articulation ; a section  of 
the  metatarsal  bone  has  been  made  and  the  upper  fragment 
has  been  turned  downward.  The  great  toe  is  also  shown. 
H is  a view  of  the  superior  surface  of  the  epiphysis  of  the 
tibia — the  articular  surface.  It  contained  not  less  than  five 
or  six  small  openings  that  communicated  with  the  abscess 
below  and  with  the  joint  above.  In  some  of  them  small 
fragments  of  necrotic  bone  are  to  be  observed.  The  carti- 
laginous structures  of  the  joint  are  also  entirely  destroyed, 
but  the  articular  margins  of  the  epiphysis  show  a slight 
fragment  of  the  two  semilunar  cartilages.  I is  the  same  as 
H,  except  that  it  is  a view  of  the  inferior  surface  where  it 
came  in  contact  with  the  tibia.  It  will  be  observed  that 
the  epiphysis  has  been  converted  into  an  abscess  cavity, 
the  wall  of  which  is  formed  by  a hard  cancellated  layer  of 
bone  and  by  the  articular  disc.  There  was  no  periosteum 
continuous  with  the  shaft  and  epiphysis,  and  hence  the 
latter  moved  freely  upon  the  end  of  the  former,  thus  giving 
rise  to  the  “flail  joint”  so  characteristic  of  epiphyseal 
separation.  The  interior  of  the  knee  contained  a con- 
siderable quantity  of  pus,  and  the  synovial  structures 
were  also  disorganized. 


propriety,  be  called  chronic  osteomyelitis,  or  chronic  suppurative  osteitis. 
The  term  slough  is  usually  applied  to  masses  of  dead  tissue  arising  in  the 
soft  parts  and  undergoing  separation  from  adjacent  living  structures. 
In  osseous  tissue  the  process  by  which  the  bone  is  destroyed — in  other 
words,  the  alterations  terminating  in  the  death  of  a perceptible  mass  of 
bone — is  called  necrosis  or  death  of  the  bone  en  masse.  In  the  soft  parts 
the  lesion  accompanying  and  following  the  separation  of  the  slough,  and 
limited  to  the  adjacent  living  tissues,  is  called  ulceration.  In  bone  essen- 
tially the  same  process  is  termed  caries. 
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Causes.  Death  of  the  bone  as  a result  of  acute  osteomyelitis  has  al- 
ready been  considered.  Periosteal  separation,  embolism,  and  thrombosis, 
and  detachment  of  fragments  of  bone  from  the  vascular  structures  from 
which  they  normally  receive  their  nutrition  may  cause  necrosis.  The 
principal  cause  of  necrosis  is  infection.  This  may  assume  the  general 
characters  already  described  when  considering  osteomyelitis,  or  may  be 
a chronic  infectious  process,  such  as  tuberculosis  and  actinomycosis, 
or,  less  frequently,  such  bacterial  invasion  of  the  bone  as  may  arise  from 
the  metastases  of  the  typhoid  bacillus,  colon  bacillus,  and  influenza 
organism.  (See  Causes  of  Osteomyelitis,  p.  846.) 

Toxic  Necrosis. — A form  of  necrosis  observed  in  laborers  in  match 
factories  is  usually  believed  to  be  distinct  from  the  other  types  of  bone 
death,  and  is  called  phosphorous  necrosis.  It  is  not  probable,  however, 
that  there  is  any  material  difference  between  this  process  and  necroses 
arising  from  other  causes.  Phosphorus  lessens  the  resisting  power  of 
the  tissues,  favors  infection,  and  as  opportunities  for  infection  are  greatest 
in  and  around  the  teeth  the  inferior  maxilla  is  most  frequently  involved. 
Caries  (cavity  formation  in  the  teeth)  seems  to  be  almost  a requisite, 
and  is  constantly  present  when  the  necrosis  appears  early. 

Morbid  Anatomy  of  Necrosis. — The  masses  of  necrotic  bone  vary  in 
size.  The  entire  shaft  of  a long  bone — as,  for  example,  the  humerus — 
sometimes  exfoliates  in  one  piece,  or  the  epiphysis  alone  may  be  involved; 
not  infrequently  a fragment  of  one  or  both  these  structures  is  cast  off. 
When  considering  gangrene  (see  p.  249),  attention  was  called  to  the  fact 
that  the  line  of  demarcation  is  an  irregular  zone,  one  side  of  which  bounds 
the  living  tissues  and  the  other  the  dead  structures,  and  that  the  changes 
occurring  within  this  area  were  those  incident  to  the  separation  of  the  dead 
from  the  living  structure,  essentially  a process  of  ulceration.  This  applies 
to  the  line  of  demarcation  that  would  in  time  amputate  a limb,  as  well 
as  to  the  line  of  demarcation  leading  to  the  separation  of  a scarcely  visible 
slough.  Death  of  bone  and  the  process  of  separation  from  the  viable 
tissue  arc  ^comparable  to  the  changes  already  noted  as  present  in  the  soft 
parts.  Where  the  dead  tissue  joins  the  living  there  appear  accumulations 
of  phagocytic  cells  which  attack  the  osseous  matrix  forming  the  line 
between  the  dead  and  living  structures,  and  proceed  with  the  separation 
of  the  necrotic  mass.  Many  of  these  cells  are  clearly  leukocytes  belonging 
to  the  phagocytes  already  described.  (See  p.  59-)  Other  cells  resemble 
giant  cells,  and  are  probably  identical  with  the  myeloplaxes  of  osseous 
absorption,  and  in  this  locality  are  also  called  osteoclasts.  Through  the 
secretory  and  phagocytic  action  of  the  leukocytes  and  osteoclasts  the  dead 
bone  is  separated  from  the  living,  and  constitutes  the  sequestrum.  In  the 
meantime  suppurative  processes  may  have  communicated  with  the  ex- 
terior and  formed  sinuses,  through  which,  if  the  piece  of  dead  bone  be 
small,  it  may  escape.  Commonly,  the  surgeon  assists  nature  by  removal 
of  the  sequestrum.  Occasionally,  the  dead  mass  is  surrounded  by 
fibrous  or  osseous  tissue;  in  other  words,  a form  of  healing-in  may  occur. 

If  the  infection  is  not  arrested,  destruction  of  tissue  along  the  line  of 
separation  continues  after  exfoliation  of  the  dead  bone  has  taken  place, 
and,  as  rapidly  as  granulation  tissue  is  formed,  it  is  liquefied,  presumablv 
by  enzymes  derived  from  the  contained  cells;  and,  in  this  way,  the  tend- 
enc\  toward  repair  is  constantly  opposed  by  the  necrotic  processes  con- 
tmgent  upon  the  presence  of  microorganisms.  This  constitutes  what  is 
called  caries  or  ulceration  of  bone.  The  character  of  the  pus  produced  by 
54 


850 


SPECIAL  PATHOLOGY. 


such  an  infection  depends  largely  upon  the  bacteria  present.  In  some 
cases  the  pus  is  abundant,  thin,  and  rich  in  pus-cells.  This  process  is 
called  caries  humida.  In  other  instances  the  amount  of  inflammatory  ex- 
udate may  be  small  and  the  discharge  quite  inconspicuous,  to  a certain  ex- 
tent justifying  the  name  commonly  applied — caries  sicca,  or  dry  caries. 

Regeneration  of  Bone. — During  or  after  the  separation  of  the  seques- 
trum, and  as  soon  as  the  activity  of  the  infection  will  permit,  the  ad- 
jacent osseous  tissue  begins  repair  by  the  production  of  new  bone.  The 
new  bone  is  commonly  evolved  from  the  periosteum,  and  therefore  forms 
around  the  sequestrum;  the  latter  may  be  covered,  except  that  here 
and  there  are  small  openings  through  which  the  pus  escapes;  the  per- 
sistence of  the  suppuration  is  due  to  the  continuance  of  a low  order  of 
infection,  probably  perpetuated  by  the  irritation  of  the  dead  bone.  The 
newly  formed  bone  surrounding  the  sequestrum  is  called  the  involucrum. 
The  dead  bone  acts  as  an  irritant,  and  by  its  removal  and  the  disinfection 
of  the  area  involved,  or  sometimes  as  a result  of  victory  of  the  phagocytes 
over  the  bacteria,  repair  proceeds  by  the  production  of  new  osseous  tissue, 
which  eventually  replaces  that  destroyed  by  the  processes  of  necrosis  and 
caries.  The  newly  formed  bone  is  never  uniform,  smooth,  and  regular, 
like  the  normal,  but  uneven  and  clumsy,  and  but  a crude  reproduction  of 
the  destroyed  tissue. 

Chronic  Nonsuppurative  Inflammation  of  Bone. — In  osteomyelitis, 
both  acute  and  chronic,  and  in  caries  and  necrosis  the  lesion  is  usually 
due  to  bacteria,  the  specific  action  of  which  is  to  induce  suppuration  or 
some  necrotic  and  degenerative  change,  such  as  caseation.  There  can  be 
no  doubt  that  in  bone  a chronic  productive  process  occurs  which  is  com- 
parable to  interstitial  fibroses  observed  in  other  organs.  The  difference,  ' 
however,  lies  in  the  fact  that  the  interstitial  tissue  of  bone  consists  of  a 
calcified  matrix,  while  in  other  organs  it  is  composed  of  a fibrillated 
structure.  This  particular  type  of  inflammation  is  prone  to  occur  in 
connection  with  syphilis,  often  when  syphilitic  processes  are  latent, 
and  is  frequently  associated  with  the  chronic  productive  periostitis  al- 
ready described.  (See  Fibrous  Periostitis,  p.  840.)  It  is  present  to  a 
varying  degree  in  the  neighborhood  of  suppurative,  necrotic,  and  in- 
fectious lesions  involving  the  bone  or  paraosteal  structures;  it  also  de- 
velops around  bone  abscesses;  in  other  words,  chronic  productive  osteitis 
appears  to  result  from  the  presence  of  irritants  not  of  a kind  or  not  suffi-  , 
ciently  active  to  produce  suppuration. 

Morbid  Anatomy. — The  affected  bone  usually  increases  in  size  by 
apposition  of  new  osseous  or  osteoid  tissue  from  and  under  the  periosteum. 
At  the  same  time,  in  the  long  bones — as,  for  example,  the  femur — the 
marrow  cavity  is  encroached  upon  and  may  be  entirely  replaced  by  new 
osseous  tissue.  (See  Fig.  418.)  The  new  tissue  is  commonly  hard;  the 
old  bone  also  becomes  dense.  The  density  is  sometimes  sufficiently 
intense  to  preclude  incision  by  a chisel  or  saw,  and  as  such  masses  occur 
around  sequestra,  they  frequently  give  rise  to  great  difficulty  during 
operations  for  the  removal  of  dead  bone.  On  account  of  the  extreme 
induration  of  the  bone  the  disease  has  received  the  name  osteosclero- 
sis. By  reason  of  its  apparent  inflammatory  origin  it  has  been  called 
condensing  osteitis.  (See  Figs.  417  and  418.)  In  inflammations,  attended 
by  resorption  of  the  osseous  tissue  surrounding  the  Haversian  canals 
and  the  production  of  inflammatory  elements  in  the  Haversian  lymph 
spaces,  the  bone  is  made  abnormally  porous  and  the  condition  is  called 
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rarefying  osteitis.  In  bones  so  affected  the  marrow  is  abnormally  soft 
and  red,  and  unusually  vascular. 

Osteitis  deformans1  is  a disease  of  unknown  origin,  usually  occurring 
after  middle  life  and  manifested  by  great  thickening  of  the  skull  and  the 


Fig.  417.  Exterior  op  Femur,  Showing  Result 
of  Chronic  Osteitis  Associated  with  Chronic 
Productive  Periostitis. 

The  growth  of  osteophytes  over  its  surface  is  well 
exhibited.  The  bone  also  shows  the  usual  de- 
formity great  thickening,  irregularity — and  pre- 
sents the  marked  density  with  which  these  con- 
ditions are  commonly  associated. 


Fig.  418. — Femur.  Longitudinal  Section  of 
Bone  Shown  in  Fig.  408. 

It  will  be  observed  that  the  lesion  is  restricted  to 
about  two-thirds  of  the  bone.  The  marrow 
cavity  has  been  obliterated  by  the  progressive 
osteosclerosis.  The  induration  of  the  bone  was 
such  as  to  require  the  use  of  a lapidary’s  saw  for 
making  the  section. 


long  bones  with  marked  softening  and  proportionately  diminished  re- 
sistance to  pressure.  The  Haversian  canals  are  enlarged,  the  contents 
cellular,  and  the  new  bone  formed  on  the  periphery  of  the  old  is  also 
1 Higbee  and  Ellis,  Jour.  Med.  Research,  Jan.,  i9n. 
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architecturally  imperfect.  Much  of  the  new  osseous  growth  remains 
uncalcified.  The  cranium  is  broadened,  the  femur  is  curved  outward, 
and  the  tibia  is  arched  anteriorly;  the  bones  of  the  forearm  bend  toward 
the  dorsal  aspect,  and  the  clavicles  thicken  and  may  be  curved.  In 
Sommer’s  case  the  ribs  were  widened.  It  seems  fairly  certain  that  the 
process  is  not  inflammatory;  some  believe  that  it  is  trophic ; Fournier 
thinks  it  is  a manifestation  of  syphilis;  the  collated  facts  seem  against  this 
view.  The  well  known  influence  of  internal  secretion  on  the  nutrition  of 
bone  as  indicated  by  giantism  and  acromegaly  (see  p.  814),  the  stunted 
osseous  system  of  the  cretin,  and  the  fact  that  changes  have  been  observed 
in  some  of  the  ductless  glands  in  osteitis  deformans,  leads  at  once  to  a 
consideration  of  this  possibility.  The  changes  observed  in  the  disease 
under  consideration  indicate  grave  errors  in  calcium  metabolism  over 
which  the  internal  secretions  exert  a noteworthy  influence.  Abnormal 
thyroids  have  been  found  in  osteitis  deformans  but  as  yet  their  influence  is 
uncertain. 

Tuberculosis1  of  bone  may  be  manifested  as  an  acute  miliary  process 
constituting  a part  of  a general  hematogenous  (miliary)  infection.  In 
this  form  it  is  sometimes  termed  acute  tuberculous  osteomyelitis.  The 
miliary  tubercles  disseminated  through  the  bone-marrow  histologically 
resemble  the  same  process  occurring  elsewhere.  The  most  frequent 
form  of  osseous  tuberculosis  is  chronic  in  character,  and  is  the  commonest 
of  all  diseases  of  the  bones.  The  lesion  produced,  commonly  known  as 
chronic  tuberculosis  of  bone,  may  begin  in  the  periosteum,  bone-marrow, 
synarthrosis,  epiphyseal  disc,  or  epiphysis.  The  bacilli  most  frequently 
reach  the  bone  through  the  circulation.  Lexer,  Konig,  and  others, 
have  shown  that  tuberculosis  of  bone  arises  as  a result  of  a tuberculous 
infarct,  and  Muller  produced  such  a process  by  the  intravascular  injec- 
tion of  tubercle  bacilli.  Invasion  may  also  occur  from  infection  of  con- 
tiguous structures,  and  possibly  through  the  lymphatics.  The  lesion  is 
most  frequently  located  in  or  near  the  epiphyses,  through  involvement 
of  which  extension  to  the  adjacent  joint  commonly  occurs,  constituting 
the  usual  source  of  tuberculous  arthritis.  As  a result  of  proliferation  of 
the  fixed  connective-tissue  cells,  as  well  as  of  leukocytic  invasion,  and 
more  or  less  effort  at  peripheral  vascularization,  the  formation  of  granu- 
lation tissue  is  brought  about.  Absorption  of  the  adjacent  bone  pro- 
gresses with  advance  of  the  tuberculous  new-formation;  Rutizky,  Ribbert, 
and  others  believe  that  osteoclasts  are  not  necessary  to  the  absorption  of 
bone  in  the  presence  of  granulation  tissue.  Certainly,  along  the  lines  of 
osseous  invasion  in  tuberculosis  there  is  evidence  clearly  indicating  that 
decalcification  and  removal  of  the  bone  matrix  without  the  presence  of 
osteoclasts  are  in  progress.  In  rare  instances  the  * process  becomes 
quiescent,  with  condensation  of  the  surrounding  tissue,  constituting  a 
form  of  healing-in  closely  allied  to  that  already  described  on  page  126. 
Early  in  the  process,  as  a result  of  the  specific  poison  produced  by  the 
tubercle  bacillus,  marked  changes  occur  in  the  newly  formed  vessels, 
followed  by  caseation  beginning  at  or  near  the  center  of  the  diseased  area. 
Such  caseous  areas  increase  in  size  by  confluence  of  adjacent  masses, 
extension  into  and  absorption  of  the  surrounding  bone,  and  eventually, 
in  many  cases,  perforation  of  the  periosteum,  and  the  induction  of  a 

1 Moret,  These  de  Paris,  1904.  Lexer,  Arch.  f.  klin.  Chir.,  1903,  Bd.  lxxi,  H.  1. 
Hehle,  Wien.  klin.  Woch.,  Sept.  22,  1904,  p.  1011.  Terry  and  Allison,  Amer.  Jour. 
Orthop.  Surg.,  April,  1907. 
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paraosteal  tuberculosis,  thereby  inducing  what  is  often  called  a cold 
abscess , the  manifestation  in  this  form  is  usually  observed  in  connection 
with  tuberculosis  of  the  hip  (coxalgia),  knee  (tumor  albus,  or  white  swell- 
ing), vertebrae  (Pott’s  disease),  etc.  Necrosis  of  relatively  large  parts  of 
the  affected  bone  sometimes  occurs.  The  necrotic  mass  most  frequently, 
although  not  always,  involves  the  whole  or  a part  of  the  epiphysis.  De- 
struction of  the  adjacent  bone  and  invasion  of  the  articular  surface  and  joint 
are  often  observed,  destroying  the  function  of  these  structures.  As  a 
result  of  the  destruction,  erosion,  or  softening  of  the  bone,  distortion 
and  deformity  commonly  occur.  A notable  example  of  deformity  arising 
from  this  cause  is  seen  in  the  spinal  column,  where  softening  of  the  bodies 
of  the  vertebrae  gives  rise  to  posterior  arching  or  angular  displacement 


Fig-  419-  Femur,  Head  and  Neck;  Beginning  Tuberculosis. 

■ inepfphysel  ^fnoinb  '"/P'Physis  just  under  articular  cartilage,  called  subchondral.  13,  B.  Same 
(redrawn)  " Trans* Royal  AciTo}°Med. t Subperiosteal.  {After  McArdle 


( kyphosis ) . W hen  the  articular  surface  is  reached,  its  destruction  is  almost 
inevitable,  and,  under  the  most  favorable  circumstances,  there  is  probably 
nothing  better  to  be  expected  than  permanent  ankylosis  in  the  joint  so 
artected.  In  an  examination  of  23,233  cases  of  joint  and  bone  tuberculosis 
lerry  and  Allison  found  that  in  39.1  per  cent,  the  spine  was  involved;  in 
31.4  percent,  the  hip;  and  in  29.5  per  cent,  the  lesion  was  divided  among 
the  knee,  ankle,  elbow,  wrist,  and  shoulder  in  the  order  named. 

Even  m its  most  chronic  form  tuberculosis  of  bone  presents  at  least 
two  distinct  dangers:  (1)  Asm  the  septic  osteomyelitis  already  described 
general  dissemination  of  the  microbe  may  occur;  in  the  former  condition 
the  result. is  sePticenna  or  pyemia,  and  in  the  disease  under  consideration 
acute  miliary  tuberculosis  is  produced.  In  other  cases  the  secondary 
manifestations  may  be  restricted  to  the  lungs.  (2)  Infection  by  pyogenic 
bacteria  adds  danger  by  augmenting  the  toxicity  of  the  absorbed  poison, 
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or,  rather,  by  adding  new  absorbable  bodies,  increasing  the  rapidity  of  the 
osseous  destruction  and  rendering  less  efficient  the  protective  and  recuper- 
ative powers  of  the  patient. 

Syphilis  of  bone1  as  in  other  tissues,  induces  a number  of  lesions,  many 
of  which  are  so  dissimilar  as  to  render  it  quite  impossible  to  establish  any 
characteristic  relation  between  them.  Some  of  the  lesions  of  syphilis  are 
probably  due  to  lessened  resistance  on  the  part  of  the  economy,  giving 
rise  to  the  occurrence  of  bacterial  infections  that  of  themselves  induce 
changes  in  nowise  syphilitic. 

In  congenital  syphilis  the  bones  at  birth,  or  shortly  afterward,  show 
quite  characteristic  alterations  at  or  near  the  epiphyseal  line.  Such 
changes  are  best  exhibited  in  a longitudinal  section  of  the  lower  end  of  the 
femur.  The  epiphyseal  line  is  broadened  and  somewhat  irregular,  the 
irregularity  being  more  marked  on  the  articular  side  than  toward  its 
apophysis.  Calcification  in  the  neighboring  areas  is  irregular,  and  pro- 
liferative changes  in  the  adjacent  bone  and  perichondrium  (syphilitic 
osteochondritis)  or  periosteum  occur,  sometimes  inducing  a slight  thick- 
ening, which,  in  advanced  cases,  may  even  resemble  rickets.  In  other 
instances  the  irregular  epiphyseal  line  assumes  a grayish  or  bluish-white 
hue  that,  with  the  beginning  of  fatty  changes,  becomes  faintly  yellow. 
Spontaneous  separation  of  the  epiphysis  (epiphyseolysis)  may  occur,  but 
is  infrequent.  The  epiphysis  is  usually  easily  detached. 

Histologically,  irregular  proliferation  of  the  cartilage  cells  can  be 
recognized,  with  an  associated,  unevenly  distributed  calcification,  and, 
later,  cell  necrosis  and  fatty  degeneration  in  the  newly  formed  elements. 
The  proliferative  changes  in  the  periosteum  and  perichondrium,  previously 
referred  to,  with  the  associated  enlargement,  have  led  some  observers  to 
regard  such  alterations  as  manifestations  of  associated  syphilis  and  rickets, 
and  may  have  been  responsible  for  the  belief  that  rickets  is  truly  an 
evidence  of  syphilis — a view  that  has  now  been  discarded.  The  tre- 
ponema (p.  157)  have  been  found  in  the  marrow,  in  the  zone  of  altered 
cartilage,  and  beneath  the  periosteum. 

Acquired  syphilis  induces  no  conspicuous  bone  lesion  prior  to  the 
appearance  of  the  tertiary  stage.  During  the  secondary  stage  there  is 
probably  some  disturbance  of  the  marrow,  in  common  with  the  evident 
hyperplasia  of  other  blood-making  tissues,  notably  the  lymph-nodes 
and  spleen.  In  acquired  syphilis,  gummata  develop  most  commonly  in 
the  periosteum;  rarely  as  central  lesions.  Structurally,  they  do  not 
differ  from  gummata  occurring  elsewhere.  Degenerative  and  necrotic 
processes  involving  the  gumma  and  extending  to  the  overlying  tissue 
may  lead  to  external  evacuation,  followed  by  pyogenic  infection.  Rarely, 
pyogenic  infection  precedes  the  mucous  or  hyaline  degenerative  change 
observed  in  the  syphiloma.  Caseation  sometimes  occurs.  Under  ap- 
propriate treatment,  and  even  without  medication,  more  or  less  absorption 
may  take  place,  which,  associated  with  an  osseous  overgrowth,  gives  rise 
to  osteophytic  enlargement,  irregularities  of  the  surface,  osteosclerosis, 
periosteal  thickening  and  consequent  irregularities  in  the  contour  of 
affected  bones.  These  changes  result  in  alterations  in  the  density  of  bone, 
modifying  its  permeability  by  the  A-ray,  thereby  facilitating  diagnosis  by 
this  method.  In  some  of  these  cases  there  is  a true  syphilitic  osteomyelitis, 
diffuse  or  nodular,  characterized  by  the  presence  of  hyaline  or  gelatinoid 

1 Taylor,  New  York  Med.  Jour.,  Jan.  5,  1907.  Ware,  Annals  of  Surgery,  Aug., 
I9°7.  P-  x99-  Spillmann,  Syphilis  Osseuse,  Paris,  1909. 
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areas  resembling  gummata.  (See  Fibrous  Periostitis,  p.  840,  and  Chronic 
Osteitis,  p.  850;  also  Figs.  417  and  418,  p.  851.) 

Actinomycosis  of  bone  is  rare  in  man;  when  present,  the  bones  usually 
involved  are  the  jaw,  bodies  of  the  vertebrae,  ribs,  or  sternum.  Occurring 
in  the  jaw,  infection  probably  takes  place  through  a tooth  or  tooth- 
socket.  While  the  proliferative  and  necrotic  changes  of  actinomycosis 
are  in  progress  in  the  center  of  the  bone,  associated  with  resorption  of  the 
adjacent  osseous  tissue,  subperiosteal  apposition  not  infrequently  occurs, 
thereby  increasing  the  size  of  the  bone.  Suppuration,  resulting  from  the 
activity  of  the  fungus  or  from  concurrent  infection  by  pyogenic  organisms, 
commonly  occurs.  The  teeth  loosen  and  often  fall  out.  The  tissue 
necrosis  may  extend  through  the  oral  mucosa;  less  frequently  an  external 
opening  is  formed.  The  discharge  commonly  contains  the  fungus,  which 
can  usually  be  demonstrated,  except  when  late  secondary  or  mixed  in- 
fection produces  such  an  excess  of  pus  as  to  render  the  fungus  difficult  to 
find.  (For  further  discussion  of  actinomycosis  see  page  145.)  Encap- 
sulation, similar  to  that  observed  in  tuberculosis,  is  infrequent,  and  the 
disease  rarely,  if  ever,  assumes  a quiescent  stage. 

Leprosy  of  bone  is  manifested  occasionally  as  distinct  leprous  nodules 
occurring  in  the  medulla,  and  may  closely  resemble  tuberculosis.  Ne- 
crosis and  more  or  less  active  inflammatory  processes  are  occasionally 
present,  particularly  in  the  digits. 

Glanders  sometimes  attacks  a bone.  Usually,  it  is  the  periosteum 
that  suffers,  except  in  the  septicemic  form  of  the  disease,  when  micro- 
organismal  invasion  of  the  medulla  may  occur. 

Fractures. — The  term  fracture  is  applied  to  solutions  in  the  con- 
tinuity of  bone  or  cartilage.  This  definition  includes  separation  of  the 
epiphysis,  which,  surgically,  is  grouped  with  fractures. 

Causes. — Certain  factors  are  recognized  as  predisposing;  for  example, 
the  position  and  function  of  bones  as  well  as  their  shape  and  structure. 
Round  bones  are  less  liable  to  fracture  than  the  long  and  flat  bones, 
and  the  long  bones  of  the  extremities  are  more  subject  to  injury,  and 
hence  are  more  frequently  fractured,  than  the  bones  of  the  trunk.  Atrophic 
processes  and  diseases  associated  with  rarefaction  increase  the  fragility, 
and  hence  favor  the  occurrence  of  fracture.  The  bones  are  also  weak- 
ened by  rickets;  by  cellular  tumors  that  invade  the  marrow;  by  chronic 
infections,  such  as  syphilis;  by  tuberculosis  under  certain  circumstances; 
and  by  other  diseases  similarly  influencing  the  density  or  chemistry 
of  the  bone. 

The  exciting  cause  is  nearly  always  violence.  This  may  be  direct, 
as  blows  upon  the  bones,  or  indirect,  as  when  the  clavicle  is  fractured  by 
a fall,  the  force  having  been  transmitted  to  the  injured  bone  through 
the  bones  of  the  arm  and  hand;  in  a similar  way  the  base  of  the  skull  is 
sometimes  fractured  as  a result  or  _ fall,  the  individual  landing  upon  the 
feet  or  in  a sitting  posture.  Fractures  resulting  from  muscular  action  are 
typified  in  the  fracture  of  the  patella  occurring  during  the  act  of  kicking. 
Fractures  resulting  directly  from  disease  are  sometimes  spoken  of  as 
pathologic. 

The  line  of  fracture  may  be  transverse,  oblique,  longitudinal,  or 
spiral;  it  may  be  regular  or  irregular.  It  may  traverse  the  bone  in  one 
direction,  constituting  a complete  fracture,  or  it  may  be  a fissure,  not 
extending  through.  Bending,  with  fracture  on  one  side  ( greenstick 
fracture ),  occurs  in  young  bone.  Detachment  of  bony  prominences, 
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such  as  the  malleolus  or  trochanter,  is  sometimes  observed.  In  the 
skull,  fracture  associated  with  inward  displacement  of  a fragment  is 
called  a depressed  fracture.  When  the  bone  at  one  point  is  broken  into 
a number  of  fragments,  the  fracture  is  said  to  be  comminuted;  when 
broken  in  a number  of  places,  or  when  a number  of  bones  are  broken, 

the  fractures  are  said  to  be  multiple.  A fracture 
communicating  with  the  external  air  through  a 
wound  in  the  skin  or  mucosa  is  said  to  be  com- 
pound. Certain  concurrent  conditions  constitute 
complications,  and  such  fractures  are  spoken  of 
as  complicated  fractures.  Associated  injury  of 
nerves  or  vessels  and  extension  of  a fracture  into 
the  joint  are  examples  of  immediate  complications; 
sepsis,  faulty  or  imperfect  union,  and  tumor  forma- 
tion at  the  point  of  fracture  constitute  remote  or 
secondary  complications. 

As  a rule,  the  fragments  of  the  fractured  bone 
do  not  immediately  resume  their  normal  relation 
one  to  another,  and  hence  deformity  occurs.  One 
or  both  fragments  may  show  longitudinal  rotation 


Fig.  420. — Fracture  of  the  Fig.  42  i.— Ten-day-old  Fracture.  ( Schmaus .) 

Femur,  Showing  Overlap-  m,  m.  Bone-marrow.  P,  P.  Partly  detached  periosteum.  C,C,C. 

ping  of  the  Fragments  Deposit  of  osteoid  and  chondroid  tissue  under  the  periosteum  and 

with  Rotatory  Displace-  extending  between  the  ends  of  the  two  fragments  and  into  the 

ments  of  the  Lower  Frag-  medulla — the  callus. 

MENT,  AND  ATTEMPTED 

Union  in  this  Position. 


( rotary  deformity)  in  different  directions  or  to  different  degrees  in  the 
same  direction.  Bending  at  the  point  of  fracture  ( angular  deformity ) is 
frequently  present.  Lateral  displacement,  overlapping,  and  separation 
of  the  fragments  are  not  infrequent.  The  rapidity  and  completeness 
of  the  reparative  process  are  favored  by  an  accurate  coaptation  of  the 
fragments.  That  this,  however,  is  not  absolutely  necessary  is  indicated 
by  figure  420. 
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Repair  of  Bone . 1 — Immediately  following  the  injury  an  abundant 
extravasation  of  blood  occurs;  this  collects  around  the  fragments,  between 
the  ends  of  the  compact  portion  of  the  bone,  and  invades,  to  a certain 
extent,  the  marrow.  At  this  time  and  for  some  days  later  Wieder  notes 
the.  frequent  abundance  of  fibrin.  Following  the  hemorrhage  the 
initial  hyperemia  of  repair  begins.  This  hyperemia  is  most  marked 
in  the  periosteum  and  adjacent  marrow,  although  all  the  surrounding 
tissues  show  it  to  a moderate  degree.  From  the  hyperemic  areas  leuko- 
cytic infiltration  takes  place — the  leukocytes  removing  the  cellular 
detritus  resulting  from  the  destruction  of  tissue  and  the  disintegration 
of  the  extruded  erythrocytes.  Within  from  forty-eight — according  to 
Kraft,  inside  of  forty-eight  hours — to  seventy-two  "hours  after  the  injury 
proliferative  changes  take  place  in  the  connective-tissue  cells,  particu- 
larl\  those  of  the  periosteum  and  the  bone-marrow,  although  similar 
evidences  of  cell  activity  are  to  be  recognized  in  the  endothelium  of  the 
capillaries.  I his  forms  the  germinal  or  reparative  tissue,  certain  cells 
of  which  (chondr oblasts)  arise  from  the  genetic  layer  of  the  periosteum 
and  from  the  medullary  cavity  and  produce  a matrix  of  temporarv 
cartilage,  from  the  same  tissues  are  produced  other  cells,  the  function 
of  which,  later,  is  the  completion  of  osseous  formation;  these  are  called 
osteoblasts.  The  mass  of  new  tissue  is  known  as  chondroid  or  osteoid 
tissue, . and  constitutes  what  clinicians  call  callus.  Structurally,  the 
callus  is  more  or  less  uniform,  but  its  position  has  led  to  a description 
of  three,  different  parts:  The  external,  circumferential,  encircling,  or 
ensheathing  callus  is  that  surrounding  the  bone;  the  internal,  medullary, 
01  pm  callus  occupies  the  central  canal  of  the  two  fragments;  while  the 
callus  between  the  compact  portion  of  the  two  ends  is  called  the  inter- 
mediary or  ring  callus.  The  matrix  produced  by  the  chondroblasts 
is  essentially  a cartilaginous  or  chondroid  tissue;  it  is  at  least  a product 
of,  if  not  a part  of,  their  cytoplasm,  and  is  shortly  transformed  into  a 
marrow-like  structure  by  the  entrance  of  young  blood-vessels.  The 
latter  are  produced  by  budding  projections  from  the  nearest  vascular 
twigs.  (See  Development  of  New  Blood-vessels,  p.  299.)  The  final 
step  m bone  production  consists  in  calcification  of  the  osteoid  matrix. 
New  marrow  is  formed  by  the  projection  of  blood-vessels  bringing  with 
them,  a mantle  of  marrow-cells.  From  these,  and  possibly  from  the 
proliferation  of  adjacent  cells  with  the  abundant  growth  of  new  blood- 
vessels, the  marrow  cavity  is  reestablished. 

Absorption  of  irregular  and  useless  spicula  begins  early  in  the  process 
and  is  carried  on  by  leukocytes  and  osteoclasts.  After  a time,  varying 
m different  cases,  removal  of  the  ensheathing  or  temporary  callus  takes 
place  This  is  accomplished  through  the  intervention  of  the  osteoclasts 
and  chondroclasts,  and  requires,  not  uncommonly,  many  months  for  its 
completion.  Wide  separation  of  fragments,  defective  "immobilization 
the  presence  of  muscle  or  other  soft  tissue  between  the  fragments  and 
inherent  deficient  reparative  power  on  the  part  of  the  tissues  may  prevent 
complete  union.2  The  degree  of  faulty  union  varies.  Sometimes  after 

H KMft+  ZiferJBejtr-  \oLl’  P-  85-  Grohe,  Arch.  f.  klin.  Chir.,  1904  Bd  lxxii 
li.  3.  Matsuoka,  Virchows  Arch.,  1904,  Bd.  clxxv  p ?2  Winder  f>  X ’ 

Med.  Bull.,  Sept.,  Oct.,  and  Nov.,  i9°7_^  Gumbel,  Virch.  Amlnf  igo^^Bd^lxxjdh 
H.  3,  p.  470.  Tsunoda,  Virch.  Arch.,  Bd.  cc,  H.  r 1910  p y cixxxm, 

CoutoyfTevul  de  Ch £ piyh"^  n°n'Uni°n  O'"**™  ”■*».  - Corni,  and 
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weeks  there  has  been  no  preceptible  effort  at  repair;  in  other  cases  fibrous 
tissue  firmly  joins  the  two  ends,  constituting  fibrous  union,  which  later, 
with  rounding-off  of  the  ends  of  the  bone,  terminates  in  the  formation  of 
a false  joint  (pseudarthrosis) . Excessive  callus-formation  may  lead  to 
the  coalescence  of  the  reparative  tissues  arising  from  fractures  or  parallel 

bones  at  the  same  level,  and,  later,  may  firmly 
unite  all  the  fragments,  constituting  a synostosis. 

Rickets;1  Rachitis;  Rachitismus;  Morbus 
Anglicus. — Rickets  is  a disorder  of  nutrition  in 
which  the  process  of  growth  in  the  bones,  muscles, 
mucous  membranes,  and  many  other  tissues  is 
profoundly  influenced.  The  disease  is  not  pri- 
marily one  of  bone.  The  changes  seen  in  the 
bones  are  dependent  upon  defective  nutrition 
during  the  period  of  most  active  osseous  growth. 

Etiology. — Rickets  is  a disease  of  childhood, 
usually  developing  toward  the  end  of  the  first 
year,  and  nearly  always  before  the  end  of  the 
second  or  third  year,  although  rare  instances  are 
reported  in  which  the  disease  showed  its  first 
manifestations  as  late  as  the  ninth  year.  Neither 
syphilis,  unsanitary  surroundings,  disorders  of 
digestion,  nor  heredity  are  sufficient  causes, 
although,  with  the  exception  of  the  last  named, 
they  may  intensify  the  activity  of  the  process. 
As  the  disease  is  not  restricted  to  the  human 
family,  but  also  occurs  in  monkeys  and  in  lions’ 
whelps,  certain  experimental  observations  have 
been  made.  The  experiments  of  Cheadle  and 
Bland-Sutton  seem  to  indicate  that,  at  least  in 
lions,  the  morbid  condition  may  be  avoided  by 
the  use  of  a diet  rich  in  cream,  proteids,  and 
earthy  phosphates.  The  necessity  for  fat  in  the 
diet  seems  to  be  thoroughly  established,  and  the 
fact  that  children  become  rickety  on  a diet  con- 
taining fat  is  presumed  to  depend  upon  the  pres- 
ence of  associated  digestive  disturbances  that  pre- 
vent the  emulsification  and  consequent  absorption 
of  this  body;  therefore  changes  in  the  diet  after 
the  occurrence  of  catarrhal  processes  in  the  ali- 
ciinicai  Laboratory,  December,  mentary  canal  often  fail  to  modify  the  disease. 

Findlay  is  strongly  convinced  that  want  of 
exercise  is  the  one  essential  factor  in  the  production  of  rickets,  even  to 
the  exclusion  of  proper  diet,  fresh  air,  sunlight,  and  allied  influences  pre- 
viously considered  as  of  prime  importance.  Admitting  that  the  mani- 
festations indicate  an  intoxication,  he  would  make  this  depend  upon 
exclusion  of  needed  exercise.  That  calcium  metabolism  is  perverted  and 


1 Weiland,  Jahrbuch  f.  Kinderheilk.,  Berlin,  June  15,  1908.  Findlay,  Brit.  Med. 
Jour.,  July  4,  1908,  p.  13.  Aron,  Biochem.  Zeitsch.,  1908,  xii,  1-2.  Mircoli,  Munch, 
med.  Woch.,  1910,  p.  1127.  Gotting,  Virch.  Arch.,  Bd.  cxcvii,  H.  x,  1909,  p.  1. 
Hutinel,  Annaies  de  Med.  et  Chir.  Infantiles,  Aug.  15,  1909,  No.  16.  Schabad,  Berl. 
klin.  Woch.,  May  3,  1909,  p.  813.  Schabad,  Arch.  f.  Kinderheilk.  Nov.  13,  1909. 
Marfan,  Jour,  de  physiol,  et  de  Pathol,  gen.,  July,  Sept,  and  Nov.,  1909. 
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fixation  of  lime  in  the  growing  bones  abnormal,  are  apparent  but  the  cause 
of  such  manifestations  remains  obscure.  The  beliefs  that  it  is  an  infection 
(Edlessen),  an  intoxication  (Kassowitz),  and  that  it  depends  upon  disease 
of  the  thymus  (Mendel)  rest  upon  evidence  which  is  not  conclusive. 
There  is  a general  conviction  that  it  depends  upon  dietetic  errors  or 
digestive  disturbances,  but  exactly  how  these  factors  operate  remains 
undetermined. 

Morbid  Anatomy. — A conspicuous  and  usual  change  is  the  develop- 
ment of  the  rachitic  rosary , which  consists  of  an  enlargement  appearing 
at  the  junction  of  the  ribs  and  costal  cartilages,  usually  more  marked  on 
the  inner  than  on  the  external  surface,  and  commonly  conspicuous  at 
the  junction  of  the  fifth  and  sixth  ribs  with  their  respective  cartilages. 
This  enlargement  has  been  recognized  in  the  fetal  skeleton,  and  is  some- 
times present  at  birth.  The  craniotabes  of  Elsasser  consists  of  absorption 
and  thinning  of  the  cranial  bones,  most  marked  in  the  parietal  and 
occipital  regions.  The  marginal  membranous  portions  of  the  bone  do 
not  show  the  normal  progressive  ossification.  Associated  with  the  absorp- 
tion of  the  inner  table  and  the  thinning,  there  also  occur  hyperplastic 
changes,  swellings,  or  bosses  over  the  frontal,  parietal,  or  occipital 
bones.  The  sutures,  excepting  the  mediofrontal,  show  delayed  union, 
and  the  anterior  fontanel  often  remains  open  until  the  end  of  the  second 
year  or  even  later.  The  teeth  appear  late  and  frequently  not  in  their 
proper  order;  they  become  carious  early.  In  addition  to  the  rachitic 
rosary,  already  mentioned,  the  chest  shows  flattening  on  the  sides, 
and  the  sternum  is  thrust  forward  ( pigeon-breast ).  Posterior  and 
lateral  curvature  of  the  spine  occur.  The  iliac  crest  is  sometimes  thickened 
and  the  pubic  arch  may  be  narrowed.  Juxta-epiphyseal  enlargements 
similar  to  those  observed  on  the  ribs  appear  in  the  long  bones,  particularly 
the  radius,  ulna,  tibia,  and  femur.  The  periosteum  seems  more  vascular 
than  normal,  and  strips  off  with  unusual  readiness.  The  underlying 
bone  is  commonly  soft,  and  frequently  bends;  green-stick  fractures  may 
occur.  With  beginning  recovery  the  hyperplastic  and  often  deformed 
bones  calcify  promptly  and  fully,  perpetuating  distortions  which  arose 
during  previous  stages. 

Histologically,  there  is  evidence  of  “excessive  preparation  for  bone 
formation  which  does  not  occur’’  (Jenner).  Osteoporosis,  depending 
upon  lacunar  absorption,  is  present.  Unusual  periosteal  production  of 
osteoid  tissue  gives  rise  to  osteophytes  that,  with  the  advent  of  recovery, 
are  converted  into  bone,  thus  perpetuating  the  deformity  produced  by 
their  growth.  The  line  of  calcification  in  the  juxta-epiphyseal  cartilage 
is  irregular,  poorly  marked,  or  may  be  absent.  There  is  an  abundant 
production  of  osteoid  matrix,  into  which  medullary  vessels  are  projected 
without  the  usual  accompanying  deposit  of  bone. 

In  addition  to  the  osseous  changes  already  mentioned,  the  ligaments 
of  the  joints  are  lax  and  frequently  give  way.  The  muscles  usually 
show  deficient  and  imperfect  striation,  and  during  life  are  weak.  The 
liver  and  spleen  are  not  infrequently  enlarged,  and  commonly  show 
increase  in  fibrous  tissue.  More  or  less  evidence  of  associated  catarrhal 
inflammation  of  the  mucosae  is  usually  present. 

Tumors  of  Bone. — Primary  epithelial  neoplasms  do  not  occur  in  nor- 
mal bone;  the  complex  developmental  processes  occurring  in  the  maxillae 
are  sometimes  attended  by  the  presence  of  epithelial  vestiges  from  which 
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carcinoma  occasionally  arises.  Secondary  cancer1  of  the  bones  may  be 
due  to  direct  extension  or  to  lymphatic  involvement  of  osseous  tissues 
within  the  lymph  area  draining  a primary  cancerous  focus.  Herbert 
Snow  has  particularly  investigated  this  question,  and,  although  his 
views  have  been  criticized,  appears  to  have  demonstrated  that  cancerous 
foci  may  lie  dormant  in  the  bone-marrow  for  months.  When  active, 
they  give  rise  to  rapid  absorption  of  bone,  softening,  and  frequently 
fractures.  Metastasis  of  thyroid  tissue  to  bones  is  mentioned  on  page 
808.  Myxoma  of  bone  is  rare;  Soubeyran2  has  been  able  to  collect 
six  cases  of  pure  myxoma;  most  tumors  of  this  nature  are  myxosar- 
comata. Ivatholitzky  has  recorded  an  instance  of  lymphangiomatous 
involvement  of  bone.  Angiomata  of  bone  have  been  described,  and 
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Fig.  423 — Sarcoma,  Mixed-cell,  with  Calcification  of  Part  of  the  Intercellular  Matrix;  Osteo- 
sarcoma. 

A.  Calcified  area  in  osteoid  matrix.  B.  Osteoid  tissue  which,  in  some  areas,  gives  rise  to  an  alveolar 

arrangement.  C . Osteoblastic  cell. 

extremely  vascular  masses  called  bone  aneurysms  sometimes  occur; 
Gaylord3  has  collated  the  reported  cases  of  the  latter  group  and  records 
an  original  observation;  he  believes  such  masses  are  usually  sarcomatous. 
Chondromata  are  not  infrequent  tumors  of  bone;  they  develop  from  the 
periosteum  or  the  epiphyseal  junctions  and  are  generally  believed  to 
arise  from  vestiges  of  embryonal  cartilage ; in  some  cases  they  are  multiple. 
Sarcoma  originates  in  the  periosteum  or  in  the  interior  of  the  bone;  any 
type  of  cell  may  be  present;  giant-cell  sarcomata  frequently  involve  the 
maxillae  and  are  the  least  malignant.  Occasionally  sarcoma  of  bone  is 
congenital;  tumors  of  this  type  may  begin  in  the  medulla  and  cause 
extensive  osseous  resorption  terminating  in  fracture  without  manifesting 
any  external  evidences  of  their  presence;  they  sometimes  follow  injury. 
An  important  but  rather  infrequent  tumor  of  bone  is  one  arising  in  the 
marrow,  apparently  belonging  with  the  sarcomata,  and  known  as  the 

1 Fraenkel,  Munch,  med.  Woch.,  1902,  p.  383.  Hawley,  Annals  of  Surgery,  May, 
191°,  p.  637. 

2 Revue  de  Chir.,  April  10,  1904,  p.  589. 

3 Annals  of  Surgery,  June,  1903,  p.  834. 
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myeloma;1  the  condition  is  also  called  myelomatosis  and  Ivahler’s  disease. 
The  affection  during  life  is  often  diagnosed  osteomalacia.  In  one  type 
of  the  morbid  process  the  bone  alone  is  involved,  and  in  another  metas- 
tases  to  the  lymph-nodes  and  other  structures  occur.  When  the  bodies 
of  the  vertebras  are  involved,  kyphosis  results.  The  cells  composing  the 
tumor  are  round  or  polyhedral,  and  resemble  the  plasma  cell  (p.  298). 
Christian  notes  the  strong  resemblance  of  these  cells  of  myeloma  to  the 
bone  plasma  cell,  others  think  that  of  this  tumor  more  forms  than  one 
occur,  and  that  some  are  derived  from  one  element  of  the  bone-marrow 
and  others  from  a different  group  of  cells.  In  accord  with  the  latter 
view  it  is  possible  to  recognize  lymphocytoma,  myeloma,  plasmocytoma 
or.  plasmoma,  and  erythroblastoma.  Usually  the  growth  develops 
primarily  in  the  marrow  of  the  vertebrae,  ribs,  and  sternum,  but  eventually 
affects  the  marrow  of  all  the  bones.  The  affection  is  also  characterized 
by  the  presence  in  the  urine  of  a peculiar  proteid  called  Bence-Jones 
albumin. 

Cysts  of  bone-  may  result  from  necrotic  and  liquefactive  changes  in 
tumors  (p.  365),  occasionally  develop  from  embryonal  vestiges  (den- 
tigerous cysts),  and  are  sometimes  due  to  parasites  (hydatid).  The 
osseous  system  is  rarely  the  seat  of  dermoid  cysts. 


THE  JOINTS. 

A joint  is  composed  of  the  articular  ends  of  two  or  more  bones;  of 
the  capsule,  ligaments,  or  other  structures  binding  the  bones  together 
and  retaining  them  in  their  proper  relations  one  to  the  other;  and  of  the 
synovial  membrane,  the  function  of  which  is  to  lubricate  the  articulating 
surfaces.  The  ends  of  the  bones  entering  into  the  articulation  are  com- 
monly covered  by  articular  cartilages,  and  may  be  further  protected 
by  intermediary  structures  not  properly  belonging  to  either  bone.  The 
capsule  and  ligaments  are  composed  of  fibrous  tissue  more  or  less  rich  in 
elastic  elements,  dense  and  firm,  offering  certain  protection  to  the  joint 
and  resisting  intra-articular  accumulations.  The  synovial  or  serous 
membrane  of  the  joint  possesses  an  outer  layer  of 'elastic  fibers  and 
rnllar  tissue,  continuous  with  that  of  the  adjacent  structures  and  an 
exposed  stratum  of  flattened  endothelial  cells. 

Malpositions  and  malformations  of  the  joints  may  be  congenital  or 
acquired.  The  congenital  malformations  are  usually  dependent  upon 
developmental  arrest,  or  abnormal  pressure  involving  particularly  the 
articular  surfaces,  and  are  manifested  by  such  deformities  as  club-foot 
knock-knee,  club-hand,  etc.  The  acquired  malpositions  and  malfor- 
mations are  either  the  result  of  disease  that  more  or  less  profoundly 
alters  the  bone,  or  of  trauma,  relaxation  of  the  ligaments,  or  unusual  or 
abnormal  muscular  contraction  or  other  applied  force  leading  to  altered 
relations  between  the  articular  surfaces  and  constituting  a lesion  called 
a luxation,  or  dislocation. 

Fatty,  hyaline,  and  mucoid  degenerations  occur  in  the  synovial  mem- 
brane, and  occasionally  m the  articular  cartilage.  The  hyaline  material 

Ko,is?ntth®°chAS'  !dd  Thf-  **•  Tschistowitsch  a"d 
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may  resemble  lardacein,  even  to  the  extent  of  yielding  the  appropriate 
reactions.  Fat  accumulates  in  the  synovial  fringes,  and  later  the  same 
may  be  converted  into  cartilage  or  chondroid  substance. 

Metaplasia  of  the  cartilage  into  fibrous,  mucoid,  or  osteoid  tissue 
occasionally  occurs,  and  in  rare  instances  it  may  be,  in  part  at  least, 
converted  into  a marrow-like  substance. 

Infiltrations  into  Joint  Structures. — Calcareous  infiltration  not  in- 
frequently follows  reparative  processes  in  the  neighborhood  of  a joint 
and  inflammations  of  the  joint  capsule  and  synovial  membrane,  par- 
ticularly when  chronic,  and  also  occurs  as  a result  of  chronic  infection, 
notably  tuberculosis,  either  of  the  joint  or  of  an  adjacent  structure. 
The  condition  is  sometimes  noted  in  old  age  independent  of  evident  gross 
lesions  of  inflammation. 

Hemorrhage  into  the  joint  (hemarthron)  or  into  any  structure  of  the 
joint  is  frequently  associated  with  the  presence  of  pigment  held  in  the 
matrix  of  the  cartilage  and  fibrous  tissue  as  well  as  in  the  capsule  of  the 
normal  cartilage  cell.  I have  discussed  the  hemarthrosis  of  hemophilia 
on  page  255.  Reference  has  been  made  to  the  uratic  deposits  occurring 
in  the  cartilages  in  gout.  (See  p.  229.) 

Loose  Bodies  in  the  Joints.1 — These  are  occasionally  seen  in  the  joints 
of  the  elbow,  wrist,  hip,  shoulder,  and  ankle,  but  in  from  eighty-five  to 
ninety  per  cent,  of  the  cases  the  knee-joint  is  affected.  Their  presence 
in  arthritis  deformans  will  be  referred  to  when  discussing  that  affection. 
They  may  result  from  detachment  of  the  articular  cartilage,  or  may 
consist  of  a fragment  of  bone  or  synovial  fringe  that  has  become  carti- 
laginous, fibrous,  or  lipomatous,  or  they  may  be  produced  by  the  exfolia- 
tion of  fibrinous,  calcareous,  or  inflammatory  masses.  Loose  bodies  are 
usually  small  and  irregular,  rarely  attaining  the  size  of  2 or  3 cm. 
They  are  sometimes  multiple;  Thomson  removed  a pintsof  loose  bodies 
from  the  knee-joint.  The  structure  is  largely  dependent  on  the  origin, 
as  indicated  by  the  foregoing  list  of  cases.  Occasionally,  a loose  body 
may  become  attached. 

Inflammations  of  Joints.2 — Theoretically,  it  is  possible  for  an  inflam- 
matory process  to  be  restricted  to  an}^  one  of  the  tissues  entering  into 
the  formation  of  the  joint,  or  it  may  involve  a number  or  all  of  the  artic- 
ular structures.  Inflammation  of  the  cartilage  is  called  articular  chon- 
dritis; inflammation  of  the  synovial  membrane,  synovitis;  inflammation  of 
the  joint  capsule  and  ligaments,  parasynovitis;  while  inflammatory 
processes  involving  all  these  structures  are  grouped  under  the  name  of 
panarthritis.  Chronic  inflammatory  processes  or  inflammations  of  a 
low  grade  may  be  restricted  to  one  of  the  foregoing  structures,  but  joint 
inflammations  are  rarely  simple  processes,  and  usually  include  more  or 
less  involvement  of  all  the  structures. 

Inflammation  is  sometimes  restricted  to  a single  joint  ( monarticular 
arthritis,  monarthritis) , or  a number  of  joints  may  be  affected  simulta- 
neously, or  in  quick  succession  ( polyarticular  arthritis,  or  polyarthritis). 

Acute  simple  serous  synovitis  is  an  inflammatory  process  not  due  to 
pus-producing  organisms,  or  at  least  to  pyogenic  bacteria  of  such  viru- 
lence as  to  lead  to  the  accumulation  of  polymorphonuclear  leukocytes 

1 Rimann,  Yirch.  Arch.,  Bd.  clxxx,  H.  3,  p.  446.  Connell,  Annals  of  Surgery, 
Feb.,  1906,  p.  247. 

2 Guyot,  L’Arthritis  Maladie  generale,  Microbienne  et  Transmissible,  2e  ed., 
Paris,  1905. 
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(pus) ; whatever  the  cause  may  be,  it  gives  rise  to  a more  or  less  abundant 
serous  or  synovial  accumulation  in  the  joint  cavity  or  adjacent  bursae, 
or  both. 

Etiology .-  Such  injuries  as  contusion,  sprain,  pinching  of  the  synovial 
folds,  loosening  of  articular  cartilages,  and  loose  bodies  in  the  joints  may 
be  taken  as  types  of  the  purely  local  causes.  A similar,  although  pos- 
sibly not  identical,  inflammatory  process  is  induced  by  the  presence  in 
the  circulation  of  irritants,  either  bacterial  or  chemic  or  possibly  both. 
The  joint  inflammation  of  acute  rheumatism  partakes  of  many  of  the 
characters  of  an  acute  serous  synovitis,  and  is  clearly  an  infection  (p. 
84).  The  inflammatory  process  in  gonorrhea  is  usually  associated  with 
phenomena  of  an  acute  serous  synovitis,  and  is  also  clearly  an  infection 
(p.  79).  Elsewhere  the  gonococcus  commonly  causes  an  abundant  migra- 
tion and  accumulation  of  polymorphonuclear  leukocytes,  in  other  words  pro- 
duces suppuration;  in  the  joints  the  lesion  is  commonly  not  suppurative. 

Morbid  Anatomy.— The  process  may  be  monarticular  or  polyarticular. 
It  is  most  frequent  in  the  large  joints  possessing  complicated  internal 
structures,  and  particularly  those  subjected  to  the  greatest  strain  and 
most  liable  to  injury.  Such  joints  are  those  of  the  knee,  ankle,  elbow, 
and  wrist.  The  initial  manifestations  are  usually  in  the  synovial  mem- 
brane. There  is  probably  at  first  a scantiness  in  the  synovial  secretion, 
associated  "with  hyperemia  of  the  membrane,  the  bright  red  surface  of 
which  contrasts  strongly  with  the  pearly-white  articular  cartilages. 
The  first  fluid  extruded  is  usually  quite  clear,  but  later  is  cloudy  from 
the  addition  of  migrated  leukocytes  and  desquamated  endothelial  cells. 
Er\thioc\tes  aie  occasionally  present,  particularly  in  the  earlier  stages. 
The  synovial  inflammation  partakes  of  all  the  characters  and  variations 
occurring  in  inflammation  of  serous  membranes,  and  hence  may  be 
serous,  dry,  fibrinous,  or  serofibrinous.  (See  Inflammation  of  the  Serous 
Membranes,  p.  455.)  The  amount  of  fibrin  varies;  occasionally,  the 
disease  runs  its  course  without  the  presence  of  fibrin  in  the  fluid  evacu- 
ated by  operation.  On  the  other  hand,  extensive  fibrinous  deposits 
sometimes  occur,  and  these,  going  on  to  organization,  form  adhesions, 
thicken  the  synovial  membrane,  and,  with  added  connective-tissue 
elements  in  the  capsule  and  lessened  secretion,  terminate  in  a form  of 
fibrous  ankylosis.  Ankylosis  is  more  likely  to  occur  in  the  drv  or  fibrin- 
ous type  of  this  disease.  Occasionally,  a serous  accumulation  persists 
tor  a long  time  in  the  joint,  constituting  a form  of  effusion  called  hydrops 
arthrosis.  In  the  dry  form,  and  occasionally  in  the  serous  form,  when 
associated  with  fibrinous  deposits,  loose  masses  of  fibrin  are  found; 
sometimes  these  are  attached  to  the  long,  thread-like  fimbriae  of  the  syno- 
vial membrane.  Under  more  favorable  conditions  the  serum  is  often 
absorbed,  the  fibrin,  if  small  in  amount,  liquefies  and  is  removed  by 
the  vessels  and  lymphatics,  and  the  joint  returns  to  the  normal;  sub- 
sequently, such  joints  usually  possess  a rather  high  degree  of  suscepti- 
bility to  irritation.  " 1 

It  is  not  certain  that  all  cases  of  fluid  accumulation  in  the  joints 
are  of  inflammatory  origin.  There  is  one  type  in  which  remarkable 
periodicity  is  manifested,  attacks  recurring  at  intervals  of  from  twentv- 
four  hours  to  four  weeks,  often  over  a long  period  of  time.  In  this  form 
the  affection  is  called  hydrops  articulorum  intermittens.1 


1 Healy,  Surg.  Gynecol,  and  Obstet.,  May,  1908,  p.  466. 
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Acute  Suppurative  or  Purulent  Arthritis.1 — As  elsewhere,  suppuration 
within  a joint  can  be  produced  by  the  injection  of  purely  chemic  bodies; 
that  it  is  ever  engendered  in  this  way,  except  experimentally,  does  not 
seem  probable.  Infection  by  any  of  the  pyogenic  bacteria  may  give  rise 
to  a suppurative  arthritis;  as  causes,  the  pyococci  should  be  first  men- 
tioned; the  gonococcus,  pneumococcus,  Bacillus  coli  communis,  typhoid 
bacillus,  and  occasionally  other  organisms,  may  induce  a purulent  ar- 
thritis. The  infection  sometimes  reaches  the  joint  through  a wound 
communicating  with  the  surface.  In  other  cases  a peri-articular  sup- 
purative process  involves  the  articular  structures.  Occasionally,  sup- 
purative foci  in  or  near  the  articular  end  of  the  bone  penetrate  the  joint. 
(See* Fig.  416,  p.  848.)  In  other  cases  the  joint  is  infected  through 
the  blood;  as  examples  of  hematogenous  infection  may  be  cited  suppura- 
tive forms  of  gonorrheal  rheumatism,  and  the  joint  complications  of 
pneumonia,  septicemia,  pyemia,  typhoid,  and  puerperal  sepsis. 

Morbid  Anatomy. — Like  the  acute  simple  form,  the  disease  may  be 
monarticular  or  polyarticular.  While  it  is  not  improbable  that  the 
affection  begins  as  a synovitis,  in  a large  number  of  cases  it  quickly 
becomes  a panarthritis.  The  initial  stage  of  the  process  closely  resembles 
that  observed  in  the  acute  serous  synovitis.  The  hyperemia  is  usually 
more  marked  and  the  leukocytic  migration  far  in  excess  of  that  usually 
seen  in  the  synovial  inflammation  described.  In  the  latter  condition 
the  hyaline  cell  is  usually  most  abundant,  while  in  the  suppurative 
form  the  polymorphonuclear  is  the  predominating  leukocyte.  The 
distention  of  the  joint  may  be  marked.  Erosions  in  the  cartilage  occur, 
sometimes  associated  with  exfoliations  (necrosis)  of  considerable  size. 
Occasionally,  the  whole  epiphysis  may  be  detached,  particularly  when 
the  original  focus  was  in  the  bone.  Necrotic  spots  appear  in  the  joint 
capsule;  these,  when  extensive,  lead  to  its  disintegration,  withdrawing 
the  normal  support  of  the  joint  and  permitting  luxation  ( pathologic 
luxation );  later,  peri-articular  suppuration  is  induced,  which  often  involves 
the  adjacent  tendons,  tendon-sheaths,  and  bursas,  burrowing  along  the 
course  of  such  structures  or  presenting  at  the  surface  as  a periarticular 
abscess.  The  extent  of  damage  to  the  joint  is  largely  dependent  upon 
the  activity  of  the  process,  but  more  particularly  upon  the  length  of 
time  it  is  allowed  to  progress  without  evacuation  of  the  inflammatory 
accumulation.  The  early  withdrawal  of  the  infection  favors  the  progress 
of  repair;  if,  however,  it  be  permitted  to  persist,  erosion  of  the  articular 
ends  of  the  bone  occurs,  with  the  destruction  of  the  synovial  membrane 
and  joint  capsule,  leaving  little  better  to  be  hoped  for  than  a more  or 
less  firm  fibrous  ankylosis  in  which  extensive  calcareous  infiltration 
takes  place,  resulting  in  what  is  practically  a bony  ankylosis. 

Gouty  Arthritis.2 — The  articular  inflammation  occurring  in  gout  is  in 
part  a serous  synovitis  associated  with  the  precipitation  of  sodium 
biurate  upon  and  in  the  articular  cartilages,  and  also,  although  not  to  the 
same  extent,  in  the  joint  capsule  and  ligaments  and  synovial  membrane, 
and  occasionally  in  the  peri-articular  structures  as  well.  Late  in  the 
process  the  peri-articular  deposit  is  constant.  The  acicular  crystals  are 

1 Marsh,  Brit.  Med.  Jour.,  Dec.  13,  1902,  p.  1831.  von  Bruns,  Berl.  klin.  Woch., 
July  4,  1904.  Tashiro,  Ziegler’s  Beitr.,  1903,  Bd.  xxxiv,  p.  540. 

2 Symposium  on  Gout,  Practitioner,  July,  1903,  pp.  1 to  106.  Futcher,  Jour. 
Amer.  Med.  Assoc.,  Nov.  26,  1904,  p.  1507.  Rosenbach,  Virchows  Arch.,  1905, 
Bd.  clxxix,  p.  359. 
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deposited  in  the  cartilaginous  matrix  and  in  the  capsules  of  the  cartilage 
cells,  as  well  as  upon  the  free  surface.  The  cartilage  near  and  upon  the 
adjacent  bone  usually  escapes.  The  deposit  may  occur  in  normal 
cartilage,  and  the  late  degenerative  processes,  terminating  in  erosion, 
exfoliation,  or  necrosis,  are  truly  secondary  to  the  irritation  of  the  urate 
present.  From  the  experiments  of  Garrod  and  from  other  studies  it 
would  appear  that  the  uratic  infiltration  comes  from  the  synovia  rather 
than  from  the  osseous  or  cartilaginous  tissues  themselves. 

That  the  synovial  membrane  is  not  the  tissue  essentially  at  fault 
is  shown  by  the  fact  that  deposits  also  occur  in  the  eyelid,  ear,  and  nose. 
The  clinical  notes  justify  the  belief  that  the  deposits  occur  only  before 
and  during  a paroxysm.  Associated  with  the  infiltration  by  the  biurate, 
or  probably  secondary  to  the  necrosis  that  accompanies  it,  deposition 
of  calcium  carbonate  and  phosphate  also  takes  place.  These  sometimes 
induce  peri-articular  enlargement,  constituting  the  so-called  tophi. 
The  gouty  inflammation  is  most  frequent  in  the  metatarsophalangeal 
joint  of  the  great  toe.  When  the  deposit  reaches  the  surface,  infection 
followed  by  suppuration  occasionally  ensues.  The  discharge  commonly 
contains  the  needle-like  crystals,  of  sodium  biurate.  (See  Uric  Acid 
Deposits,  p.  229.) 

Osteoarthritis  ;x  chronic  arthritis;  arthritis  deformans;  rheumatoid 
arthritis;  dry  arthritis;  trophic  arthritis;  spondylitis  deformans  (vertebrae), 
are  all  synonyms  indicating  the  protean  manifestations  of  the  disease, 
or  expressions  of  the  various  views  that  have  been  held  as  to  its  cause. 
The  etiology  of  the  affection  remains  undetermined;  it  has  been  sug- 
gested that  it  is  (1)  primarily  a disease  of  the  nervous  system,  (2)  an 
infection,  (3)  an  autointoxication.  Those  who  incline  toward  the  bac- 
terial origin  of  deforming  arthritis  are  undecided  as  to  whether  it  is  a 
specific  infection — due  to  a single  organism — or  can  be  produced  by  any 
one  of  a number  of  bacteria.  If  an  autointoxication  what  is  the  nature 
of. the  poison  and  from  what  source  is  it  derived?  Of  course  an  intestinal 
origin  has  been  suggested.  Heckmann  believes  that  this  form  of  arthritis 
is  of  syphilitic  origin,  a view  not  in  general  favor.  Nichols  and  Rich- 
ardson are  convinced  that  different  causes  may  produce  allied  changes 
and  that  dissimilar  anatomic  alterations  may  be  due  to  the  same  etiology; 
this  view  would  admit  of  more  than  one,  probably  many  causes. 

Osteoarthritis  may  be  monarticular  or  polyarticular,  and  may,  in  certain 
stages  of  its  evolution,  resemble  acute  rheumatism  and  gout.  In  the 
monarticular  form  the  hip,  knee,  shoulder,  and  elbow  most  frequently 
suffer.  The  polyarticular  manifestation  is  a disease  of  the  smaller  joints 
of  the  extremities  and  of  the  vertebrae  (spondylitis  deformans).  The 
inception  of  the  disease  frequently  occurs  early  in  adult  life,  and  is  usually 
preceded  by  trauma,  sometimes  by  rheumatism.  It  is  a panarthritis, 
usually  beginning  in  the  synovial  membrane  or  in  articular  cartilages  by 
proliferation  of  the  cartilage  cells  and,  later,  leading  to  the  formation  of 
a superficial  fibrillated  matrix;  as  the  fibrillation  is  particularly  marked 
on  the  surface,  the  cartilage  is  thereby  given  a velvety  aspect. ' Absorp- 
tion, necrosis,  and  exfoliation  of  the  proliferated  cartilage  appear  later. 
From  the  margin  of  the  cartilage  the  process  extends  to  the  synovial 
membrane — if  this  structure  has  not  been  attacked  earlier — the  con- 
nective tissue  of  which  becomes  cellular  and  elaborates  a chondroid  or 

1 Heckmann,  Munch,  med.  Woch.,  Aug.  3,  1909.  Jones,  Arthritis  Deformans 
London,  1909.  Nichols  and  Richardson,  Jour.  Med.  Research,  Sept.,  1909. 
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osteoid  matrix,  in  which  calcific  deposits  form.  The  villi  of  the  synovial 
membrane  become  exuberant,  and  not  uncommonly  loaded  with  fat,  con- 
stituting the  so-called  arborescent  lipoma.  As  a result  of  myelogenous 
absorption  and  lacunar  atrophy,  the  density  of  the  articular  end  of  the 
bone  is  lessened,  and,  later,  gelatinoid  or  mucoid  areas  develop  in  its 
interior.  Excavations  occur  on  the  articular  surface  that,  with  lateral 
extensions  from  the  periphery  of  the  articular  cartilages,  entirely  destroy 
the  architecture  of  the  joint.  Osteophytic  growth  from  the  bottom  of 
the  acetabulum,  with  lateral  extensions  from  the  head  of  the  femur, 
entirely  change  the  character  of  the  joint,  the  acetabulum  becoming 
the  ball  and  the  femur  forming  the  socket.  Such  alteration  in  the  joint 
is  not  at  all  characteristic  or  constant,  but  is  mentioned  as  illustrating 
the  remarkable  deformity  with  which  the  process  may  be  associated. 
Detachment  of  portions  of  osteophytic  growth  and  loose  cartilages  with 
separation  of  the  enlarged  fimbriae  give  rise  to  loose  bodies  in  the  joint. 
The  extensive  production  of  osteophytes  and  fibrous  tissue  usually  gives 
rise  to  fixation  or  even  to  ankylosis,  while  the  osseous  resorption  favors 
the  occurrence  of  luxation  or  weakens  the  bone  in  the  neighborhood  of  the 
oint,  permitting  fracture.  Nichols  and  Richardson  recognize  two  groups 
of  cases:  (a)  a proliferative  type  in  which  the  destruction  of  articular 
cartilage  is  accompanied  by  the  formation  of  osteophytes  and  adhesions 
and  consequently  ankylosis;  and  (b)  a degenerative  type  manifesting 
destructive  changes  in  the  articular  cartilages  but  without  ankylosis. 
The  two  types  are  not  distinct  diseases  but  different  reactions  in  the 
joint  structures  in  response  to  various  causes;  they  correspond  to  the 
so-called  hypertrophic  and  atrophic  forms  of  other  writers.  Atrophy 
of  muscles  and  wasting  of  adjacent  structures  make  more  evident  the 
articular  deformity. 

Neuropathic  Diseases  of  Joints.1 — Spinal  and  neurogenous  arthrop- 
athies are  forms  of  joint-change  commonly  associated  with  locomotor 
ataxia,  with  syringomyelia,  and  less  frequently  with  compression,  con- 
cussion, and  other  lesions  of  the  spinal  cord,  including  degenerative 
change  in  the  anterior  horns.  The  disease  is  monarticular  in  about 
eighty  per  cent,  of  the  cases,  and  usually  involves  the  larger  joints — 
namely,  the  knee,  hip,  shoulder,  or  elbow — although  it  is  occasionally 
seen  in  the  smaller  articulations  of  the  hand  and  foot,  and  very  excep- 
tionally in  the  spine.  In  some  cases  osteophytic  growths  occur,  usually 
beginning  in  the  cartilage  and  cellular  elements  of  the  capsule  and  peri- 
articular tissues.  This  constitutes  the  so-called  hypertrophic  form. 
In  the  atrophic  form  degeneration  and  absorption  of  the  articular  surface 
and  part  of  the  adjacent  bone  occur,  with  relaxation  of  the  ligaments, 
permitting  or  favoring  luxation.  The  head  of  the  bone — as,  for  example, 
the  femur — may  be  completely  absorbed.  Serous  effusion  into  the  joint 
is  not  infrequently  present;  except  in  the  earlier  stages,  it  is  rarely  marked. 
The  disease  was  studied  by  Charcot,  and  is  frequently  spoken  of  as 
Charcot's  disease  of  the  joints.  The  investigations  of  Wilde  indicate 
that  the  joint  lesion  starts  from  an  injury;  changes  in  the  sensory  nerves 
render  the  patient  less  susceptible  to  pain,  the  absence  of  which  causes 
neglect  and  perpetuates  the  alterations  in  the  articular  structures  and 
contiguous  bones. 


1 Henderson,  Jour.  Path,  and  Bact.,  1905,  vol.  x,  p.  2x1.  Barker,  Jour.  Amer. 
Med.  Assoc.,  Feb.  2,  1907,  p.  384. 
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Tuberculosis  of  joints,1  also  called  articular  tuberculosis,  tumor  albus, 
white  swelling,  scrofulous  or  strumous  joint  disease,  fungous  disease  of 
the  joint,  caseous  arthritis,  tuberculous  abscess  of  the  joint,  cold  abscess 
of  the  joint,  and  by  other  names  indicating  either  the  etiology  or  ana- 
tomic changes,  results  from  infection  of  one  or  more  of  the  articular 
structures  by  the  tubercle  bacillus.  The  condition  is  most  frequent  in 
children — over  eighty  per  cent,  of  the  cases  occurring  before  the  fifteenth 
year.  The  disease  commonly  attacks  the  hip,  knee,  or  ankle,  although 
the  shoulder,  wrist,  and  elbow  occasionally  suffer;  a process  practically 
identical,  affecting  the  vertebrae,  is  called  Pott’s  disease  of  the  spine. 
The  disease  is  nearly  always  monarticular;  to  this,  however,  there  are 
occasional  exceptions.  A history  of  trauma  is  frequently  present;  the 
injury  may  induce  an  inflammation  that  later  becomes  infected  by  the 
tubercle  bacillus;  it  is  also  probable,  however,  that  trauma  acts  by 
irritating  or  breaking  open  a latent  or  quiescent  area  of  tuberculosis  in 
the  adjacent  bone.  It  is  usually  held  that  the  tubercle  bacilli  reach  the 
area  involved  through  the  circulation,  coming  from  a primary  lesion 
elsewhere,  as,  e.  g.,  a latent  tuberculosis  of  the  bronchial  glands,  or  pos- 
sibly mesenteric  lymph-nodes.  As  already  indicated  (p.  852),  the 
initial  lesion  of  the  process  is  usually  in  the  adjacent  epiphysis,  from 
which  it  extends  to  the  involved  joint,  constituting  the  so-called  osteo- 
pathic variety  of  the  disease.  In  other  cases  the  disease  appears  to  arise 
in  the  synovial  membrane;  in  other  words,  it  is  a primary  involvement 
of  the  joint,  and  is  called  arthropathic. 

Morbid  Anatomy. — Recent  studies  seem  to  indicate  that  we  are  justified 
in  recognizing  at  least  two  forms  of  articular  tuberculosis;  one  is  the 
old  familiar  type  attended  by  extensive  caseation  and  osseous  absorption, 
and  properly  called  caseous  tuberculosis.  In  the  second  variety  cheesy 
masses  are  not  produced,  although  hyperplasia  of  the  synovial  membranes 
and  fibrous  ankylosis  frequently  occur;  this  type  may  be  called  chronic 
fibrous  or  ankylosing  arthritis. 

Chronic  Caseous  Tuberculosis  of  Joints. — Whether  involving  the  joint 
from  adjacent  bones  or  beginning  as  a chronic  synovitis,  the  process 
rapidly  becomes  a panarthritis.  The  disease  is  occasionally  preceded 
by  a stage  of  hydrops  arthrosis.  The  abundant  production  of  granulation 
tissue  occurs  not  only  from  the  synovial  membrane,  but  the  fungoid 
mass  may  be  projected  from  the  tuberculous  bone,  thus  filling  the  joint 
with  granulation  tissue  containing,  in  its  earlier  progress,  numerous 
tubercles  in  various  stages  of  evolution.  In  this  tuberculous  tissue 
caseation  rapidly  ensues,  distending  the  joint  by  accumulated  caseous 
detritus.  The  joint  capsule  is  more  or  less  rapidly  invaded;  and  further 
extension  of  the  process,  along  the  line  of  least  resistance,  frequently 
occurs.  Like  other  forms  of  tuberculosis,  the  lesion  is  sometimes  arrested, 
and  healing-in  may  occur  at  any  stage  of  its  evolution.  In  the  majority 
of  cases,  however,  destruction  of  the  joint  takes  place.  The  articular 
extremity  is  usually  riddled  by  perforations  from  which  the  granulation 
tissue  projects,  or  such  openings  communicate  with  the  caseous  areas  in 
the  adjacent  zone.  Epiphyseal  separation  is  sometimes  observed. 
With  healing-in,  extensive  calcareous  infiltration  takes  place,  terminating 
in  permanent  ankylosis. 

The  dangers  of  this  form  of  tuberculous  arthritis  are  twofold.  In  the 

1 Petrov,  Zentralbl.  f.  Chir.,  Nov.  26,  1904.  Ely,  Surg.  Gynecol,  and  Obstet 
June,  1910,  p.  561.  ’’ 
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first  place,  the  local  lesion,  as  a result  of  the  hematogenous  dissemination 
of  the  tubercle  bacillus,  may  give  rise  to  general  miliary  tuberculosis. 
Extensions  along  the  bone  sometimes  lead  to  tuberculous  osteomyelitis, 
caries,  and  necrosis;  and  disastrous  complications  follow  infection  by 
pyogenic  organisms.  The  weak  protective  powers  present  in  the  diseased 
tissues  favor  inoculation  by  pyogenic  bacteria,  and  in  this  way  there  is 
added  to  the  local  tuberculosis  one  or  more  of  the  dangers  incident  to 
acute  suppurative  osteomyelitis. 

Chronic  fibrous  tuberculous  arthritis1  is  more  likely  to  affect  a number 
of  joints  simultaneously  or  in  succession  than  the  typical  caseous  form. 
In  this  type  of  the  affection  the  lesion  resembles  the  chronic  hyperplastic 
tuberculosis  of  other  tissues  (p.  128),  and  in  some  cases  possesses  the 
clinical  characters  of  arthritis  deformans.  Caseation  is  inconspicuous 
or  absent,  the  articular  and  para-articular  fibrous  tissues  are  thickened, 
serous  exudates  into  the  joint  occur,  and  connective-tissue  metaplasia 
of  the  cartilage,  and  subsequent  cicatrization,  terminate  in  ankylosis. 
The  danger  of  systemic  infection  is  much  less  than  in  the  caseous  form  of 
the  affection;  it  is  probable  that  many  cases  of  fibrous  joint  tuberculosis 
are  mistaken  for  chronic  rheumatism,  arthritis  deformans,  and  other 
affections,  some  of  which  are  clearly  nontuberculous. 

Syphilis  of  the  joints2  occurs  in  both  the  inherited  and  acquired  forms 
of  the  affection.  It  may  be  manifested  by  a hydrops  arthrosis,  chronic 
serous  synovitis  with  the  accumulation  of  considerable  fluid  in  the  joints, 
or  a chronic  fibrous  ankylosing  inflammation  with  connective-tissue 
metaplasia  of  the  articular  cartilages.  Fournier  has  described  a de- 
forming type  of  syphilitic  arthritis  resembling  arthritis  deformans. 
Gummata  sometimes  develop  in  the  synovial  membrane  (gummatous 
synovitis),  or,  extending  from  the  epiphysis,  may  involve  the  articular 
cartilage;  in  either  of  these  forms  the  resemblance  to  tuberculosis  is 
clinically  sufficiently  marked  to  justify  the  term  pseudo-white-swelling 
sometimes  given  to  the  affection.  Syphilitic  inflammation  of  the  joints 
is  often  a polyarthitis. 

Ankylosis  is  the  name  given  to  that  condition  in  which  a joint  be- 
comes useless  by  reason  of  fixation.  The  name  literally  indicates 
angular  deformity,  which  may  or  may  not  be  present.  When  the  fixa- 
tion is  dependent  upon  lesions  around  the  joint,  upon  fibrous  changes 
in  the  joint  capsule,  or  upon  muscular  contraction  and  similar  conditions, 
it  is  said  to  be  a false  or  pseudo-ankylosis . On  the  other  hand,  when  the 
fixation  arises  as  a result  of  structural  changes  in  the  articular  surfaces, 
leading  to  osseous  or  calcific  union  between  the  bones  entering  into  the 
joint,  the  condition  is  called  true  ankylosis.  Such  ankylosis  commonly 
follows  protracted  inflammatory  processes  affecting  the  joint,  suppura- 
tive arthritis,  tuberculosis,  and  similar  inflammatory  or  necrotic  processes. 

Morbid  Anatomy. — The  alterations  observed  in  the  joint  depend 
largely  upon  the  cause.  Theoretically,  in  false  ankylosis  the  articular 
surfaces  are  normal.  There  is  usually  considerable  increase  in  the  fibrous 

1 Poncet  and  Leriche,  Rev.  de  Chir.,  Jan.  10,  1905,  p.  1.  Wiart  and  Coutelas, 
Rev.  de  la  Tuberculose,  Feb.,  1905.  Poncet,  Bull,  de  l’Acad.  de  Med.,  Jan.  14,  1907, 
and  Sixth  Internat.  Congress  on  Tuberculosis,  1908,  vol.  i,  part  2.  Schaffer,  Hospi- 
talstidende,  June  3,  1908,  li,  No.  23;  and  Zeit.  f.  Tuberk.  Bd.  xiii,  H.  5. 

2 Morestin,  Arch.  Gen.  de  Med.,  1901,  vol.  v.  Hippel,  Munch,  med.  Woch., 
Aug.  4,  1903,  p.  1321;  also  Jordon,  same  journal,  p.  1324.  Paton,  Brit.  Med.  Jour., 
Nov.  28,  1903,  p.  1389.  Fletcher,  Lancet,  Nov.  19,  1904.  Dunlop,  Edinburgh  Med. 
Jour.,  Dec.,  1904. 
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tissue  of  the  capsule,  which  may  be  alsov  calcareous.  Further,  the  capsule 
adapts  itself  to  its  long-continued  quiescent  position,  and,  with  the 
removal  of  the  cause,  if  such  be  possible,  considerable  time  is  necessary 
for  the  reestablishment  of  pliability  and  elasticity  in  the  altered  liga- 
ments. In  true  or  osseous  ankylosis  the  formation  of  new  bone  or  extensive 
calcific  deposits  in  granulation  tissue,  gives  rise  to  fixation.  Fractures 
involving  joints  may,  in  the  process  of  uniting,  permanently  fix  the 
articular  surfaces.  Extensive  calcareous  infiltration  of  inflammatory 
products  and  inefficient  attempt  at  osseous  repair  may  entirely  destroy 
the  articular  structures. 


CHAPTER  XVI. 


THE  NERVOUS  SYSTEM.1 

General  Considerations.  Anatomy  and  Histology. — It  is  not  within 
the  province  of  this  book  to  discuss  in  a detailed  or  minute  manner 
the  anatomy  of  the  nervous  system,  and  those  who  desire  such  knowl- 
edge are  referred  to  anatomies  and  special  text-books  on  the  subject. 

The  nervous  system  is  composed  of  (i)  the  brain  and  spinal  cord, 
which  together  constitute  the  central  nervous  system,  and  (2)  the  periph- 
eral nervous  system,  consisting  of  multitudes  of  nerve-fibers  that  are 
projected  in  small  bundles,  known  as  nerves,  from  both  the  brain  and 
cord  to  the  various  parts  of  the  body;  in  addition  to  the  foregoing,  there 
is  what  is  known  as  (3)  the  sympathetic  nervous  system,  which,  although 
probably  developed  independently,  is  to  be  regarded  as  having  a direct 
relation  with  the  cerebrospinal  system. 

The  brain  and  cord  are  covered  by  three  connective-tissue  investing 
membranes,  collectively  known  as  the  meninges;  these  are  in  intimate 
relation  with  the  structures  that  they  inclose,  and  are  to  a certain  ex- 
tent influenced  by  many  of  the  diseases  of  the  brain  and  cord,  which 
structures  are  also  affected  in  a number  of  lesions  beginning  in  the  over- 
lying  membranes. 

The  covering  directly  in  contact  with  the  surfaces  of  the  brain  and 
cord  is  called  the  pia  mater;  next  to  this  is  a layer  of  extremely  deli- 
cate tissue  directly  continuous  with  the  foregoing,  and,  therefore,  to  be 
regarded  as  really  a part  of  it,  known  as  the  arachnoid,  the  two  struc- 
tures constituting  the  pia-arachnoid ; and,  finally,  covering  the  inner 
surface  of  the  skull  and  lining  the  bony  wall  of  the  spinal  canal  is  a 
very  dense,  comparatively  thick  membrane,  which  has  received  the 
name  dura  mater.  The  membranes  around  the  cord  are  continuous 
with  those  covering  the  brain,  of  which  they  are  merely  prolongations; 
these  membranes,  though  becoming  much  thinner,  and  in  part  losing 
their  identity,  are  further  projected  as  coverings  of  the  nerves  passing 
from  the  brain  and  cord;  the  dura  becomes  the  epineurium;  the  arach- 
noid, the  perineurium;  and  the  pia,  the  endoneurium.  Although  it  should 
be  clearly  understood  that  the  several  membranes  constituting  the 
meninges  are  respectively  the  same  in  both  brain  and  cord,  it  is  equally 
important  to  know  that  they  differ  from  one  another  in  several  minor 
particulars. 

Histology  of  the  Membranes. — The  pia  and  arachnoid  are  composed 
of  delicate  bundles  of  fibrous  tissue,  upon  which  lie  many  small,  flattened 
cells;  the  outer  surface  of  the  arachnoid  is  covered  "by  a continuous 
layer  of  large  polygonal,  but  extremely  thin,  endothelium.  Processes 
from  the  pia  penetrate  the  substance  of  both  the  brain  and  cord;  these 
extensions  of  the  membrane  carry  blood-vessels,  and  enter  into  intimate 
relation  with  the  peculiar  supporting  structure  of  the  central  nervous 
system,  known  as  the  neuroglia.  From  the  surface  of  the  arachnoid, 

1 For  method  of  examination  see  Appendix. 
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especially  on  each  side  of  the  superior  longitudinal  fissure,  bulbous 
projections  occur;  these  penetrate  the  dura,  and  are  called  the  Pacchionian 
bodies.  Both  the  pia  and  arachnoid  are  extremely  vascular;  the  blood- 
vessels are  particularly  numerous  in  those  prolongations  of  the  former 
that  enter  the  ventricles  and  are  called  the  velum  interpositum  and 
the  choroid  plexus.  The  velum  interpositum  and  the  choroid  plexus 
are  covered  by  cuboid  epithelial  cells,  which  in  the  new-born  are  ciliated. 

Both  the  inner  and  outer  layers  of  the  dura  are  composed  of  com- 
pact bundles  of  fibrous  and  elastic  tissues — those  in  the  outer  being 
placed  transversely  to  those  on  the  inner  coat.  This  coat  contains  only 
a few  blood-vessels. 

The  brain  comprises  those  parts  of  the  central  nervous  system  within 
the  cranial  cavity;  they  are  the  cerebrum,  the  cerebellum , the  pons  varolii, 
and  the  medulla  oblongata — the  last  of  which  passes  into  the  spinal 
canal,  and  becomes  continuous  with  the  spinal  cord.  The  brain  as  a 
whole  is  oval  in  form;  the  upper  surface,  although  very  uneven,  pre- 
sents a fairly  regular  convexity,  while  the  under  surface  is  somewhat 
flattened  and  is  much  more  irregular  in  appearance.  The  average 
weight  of  the  adult  brain  in  man  is  somewhere  near  1350  gm.  to  1400 
gm,,  and  in  woman,  1235  gm.  to  1275  gm.  While  it  is  true  that  con- 
siderable variation  from  the  foregoing  in  either  direction  is  not  incon- 
sistent with  perfect  health  and  even  with  great  intellectual  activity, 
the  brains  of  idiots  and  of  the  intellectually  feeble  are,  as  a rule,  con- 
siderably below  the  average  weight.1 

The  spinal  cord  extends  from  the  upper  border  of  the  atlas  to  the 
body  of  the  second  lumbar  vertebra,  where  it  terminates  in  a slender, 
somewhat  conic  body  called  the  filum  terminale.  The  latter  is  sur- 
rounded by  a number  of  nerve  bundles  known  as  the  cauda  equina. 
The  cord  is  about  45  cm.  long  and  weighs  about  30  gm.  As  a whole,  it 
is  irregularly  cylindric  in  form,  tapering  at  its  lower  end,  and  forming 
what  is  called  the  conus  medullaris . Anteroposteriorly  it  is  somewhat 
flattened;  in  the  lower  cervical  and  upper  lumbar  regions  it  swells 
slightly,  producing  two  areas  of  increased  size,  known  as  cervical  and 
lumbar  enlargements  respectively.  It  is  divided  in  front  by  a groove, 
called  the  anterior  median  fissure;  and  behind  by  a septum,  termed  the 
posterior  median  septum  (posterior  median  fissure  of  some  authors). 
Two  quite  distinct  furrows  are  situated  on  the  posterior  aspect  of  the 
cord  at  the  points  of  exit  of  the  posterior  nerve-roots,  which  is  a little 
external  to  the  median  septum;  these  depressions  are  called  the  pos- 
terolateral grooves.  Anterior  fissures  corresponding  to  the  point  of  origin 
of  the  anterior  nerve-roots  are  described  by  some  authors;  recent  re- 
searches into  the  location  of  the  different  functional  tracts  of  the  cord 
go  to  show  that  the  anterior  and  motor  columns  are  physiologically 
identical;  and,  further,  as  there  is  no  sufficient  anatomic  reason  for  the 
belief  in  a distinct  fissure  along  the  line  of  exit  of  the  anterior  roots, 
its  description  seems  unnecessary. 

The  nerves  arising  from  the  brain  and  spinal  cord  consist  of  a num- 
ber of  separate  bundles  of  nerve-fibres,  each  of  which  is  incased  in  a 
sheath  of  fibrous  tissue ; the  bundles  are  supported  by  a fibrous  reticulum 

1 For  more  specific  statements  as  to  brain  weight  see  Marchand,  Abh.  d.  math, 
phys.  Classe  d.  Konigl.  Sachsischen.  Ges.  d.  Wissensch.,  Bd.  xxvii,  1902,  No.  4, 
pp.  393-482-  Spitzka,  Phila.  Med.  Jour.,  May  2,  1903;  also  Science,  Sept.  18,  1903, 
P-  37i- 
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and  surrounded  by  an  outer  layer  of  connective  tissue  which  becomes 
continuous  with  that  present  in  contiguous  structures. 

Histology  of  the  Nervous  System.1 — The  anatomic  and  functional 
unit  is  the  neuron.  This  structure  is  composed  of  the  nerve  cell  and  its 
prolongations  all  of  which  are  structurally  a part  of  the  cell,  embracing, 
however,  a comprehensive  series  of  contained  elements.  The  nerve 
or  ganglion  cells  are  found  principally  in  the  gray  matter  of  the  central 
nervous  system,  but  are  also  present  in  the  sympathetic  ganglia,  in  the 
ganglia  occurring  in  the  course  of  cerebrospinal  nerves,  and  in  the  organs 
of  special  sense.  The  cells  vary  in  size  from  4 y to  135  p.  There  are 
a few  oval  or  spindle-shaped  ganglion  cells,  but  the  vast  majority  possess 
irregular  forms  due  to  the  abundant  processes  that  emanate  from  them. 
Cells  possessing  a single  process  are  called  unipolar  (occur  in  man  in  the 
olfactory  mucous  membrane) ; if  two  processes  are  present,  they  are 
termed  bipolar;  and  if  more  than  two,  multipolar.  The  processes  pro- 
jecting from  one  part  of  a ganglion  cell,  after  proceeding  a short  distance, 
break  up  into  numerous  smaller  branches,  known  as  dendrites,  which 
again  subdivide,  and  their  smallest  extensions  exhibit  multitudes  of 
minute  projections  termed  gemmulae;  the  former  have  not  inaptly  been 
compared  to  the  limbs  of  a tree,  and  the  latter  to  the  leaves.  From 
some  other  part,  usually  the  other  end  of  the  nerve-cell,  another  process 
passes  out,  which  may  continue  as  an  axis-cylinder  of  a nerve-fibre,  or, 
after  going  a short  distance,  may  turn  on  itself  and  divide  into  a number 
of  processes  resembling  the  dendrites  arising  from  other  parts  of  the  cell. 
Cells  the  processes  of  which  become  axis-cylinders  are  called  cells  of  the 
first  type,  and  those  whose  processes  fail  to  form  axis-cylinders  are  termed 
cells  of  the  second  type.  All  the  peculiarities  of  the  ganglion  cells  so  far 
mentioned  can  be  brought  out  with  distinctness  only  by  the  method  of 
preparation  devised  by  Golgi.  This  method,  as  slightly  modified  by 
Berkley,  is  as  follows: 

To  get  good  results  the  tissue  must  be  perfectly  fresh.  It  should 
be  hardened  in  Muller’s  solution  (see  Appendix)  until  it  becomes  sufficiently 
hard  to  admit  of  fairly  thin  sections  being  cut;  this  requires,  at  ordinary 
temperatures,  about  three  weeks.  The  fluid  should  be  abundant  and 
should  be  changed  daily  for  the  first  few  days.  The  tissue  is  then  cut 
into  pieces  not  exceeding  3 mm.  in  thickness,  and  placed  in  the  fol- 
lowing solution,  which  should  be  freshly  prepared : 

Bichromate  of  potassium,  3 per  cent,  solution  in  water,  100  parts. 

Osmic  acid  (0s04),  1 per  cent,  solution  in  water ’ 30  “ 

After  three  days  remove  the  specimens  and  imbibe  the  excess  of  the 
foregoing  solution  with  filter-paper;  wash  for  a few  minutes  in  a weak 
solution  of  silver  nitrate  in  water.  The  tissue  is  now  placed  in  the  following 
solution: 

Phosphomolybdic  acid,  10  per  cent,  solution  in  water,  2 drops. 

Silver  nitrate,  1 per  cent,  solution  in  water 60  c.c. 

This  mixture  should  be  prepared  just  before  using.  In  the  mixture  the 
tissue  should  remain  undisturbed  for  two  or  three  days,  or,  if  desirable,  it 
may  be  kept  indefinitely  by  adding  a few  drops  of  the  silver  nitrate  solution 
at  the  expiration  of  the  time  mentioned.  During  the  process  of  prepara- 
tion it  is  perhaps  better  to  keep  the  jars  containing  the  mixture  in  the 

1 For  review  of  histology  and  discussion  of  neuron  system  see  Mott,  System  of 
Medicine,  Allbutt  and  Rolleston,  vol.  vi,  p.  173,  1910. 
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dark.  Impregnation  goes  on  best  at  about  250  C.  After  the  foregoing 
the  tissues  are  placed  in  absolute  alcohol  for  an  hour  and  are  then  quickly- 
embedded  in  celloidin.  (See  Appendix.)  Sections  are  examined  without 
staining.  By  this  method  the  nerve-cell  and  its  processes  are  impregnated 
with  the  silver  salt  and,  though  unstained,  are  rendered  a uniform 
brownish-black  color.  The  impregnation  is  at  best  very  capricious — 
some  of  the  cells  darkening  intensely  and  others  in  the  immediate  vicinity, 
not  at  all.  The  neuroglia  cells  and  the  fibrils  around  them  are  also 
tinged.  Golgi’s  method  is  useful  only  for  demonstrating  the  outlines  of 
the  cells  and  their  processes,  and  it  therefore  becomes  necessary  to 
employ  other  means  if  it  is  desired  to  study  the  internal  structure  of  these 
bodies. 

The  nerve  or  ganglion  cells  have  no  distinct  cell-membrane.  They 
possess  a reticular  protoplasm  that  stains  with  acid  dyes;  the  greater 
number  of  the  ganglion  cells  contain,  within  the  reticulum,  a substance 
that  takes  basic  dyes  intensely.  These  basophilic  masses  are  called  the 
tigroid  substance  or  bodies  of  Nissl.  In  the  great  majority  of  nerve-cells 
the  nuclei  do  not  take  basic  stains,  although  they  contain  a delicate  retic- 
ulum and  a nuclear  wall,  both  of  which  are  acidophilic.  As  a result  of 
this  peculiarity,  when  tissues  are  stained  in  the  usual  way,  the  nucleus 
appears  as  an  almost  unstained  or  but  lightly  tinged,  round  space. 
Within  the  nucleus  is  a nucleolus  that  stains  intensely  with  basic  dyes. 

Nissl  classifies  nerve-cells  into  (a)  karyochromes,  or  cells  the  nuclei 
of  which  take  basic  stains;  and  ( b ) somatochromes,  or  cells  only  the 
protoplasm  of  which  takes  the  basic  dye.  The  former  are  comparatively 
rare,  but  are  found  in  the  olfactory  lobe,  the  cerebellum,  and  the  ret:na. 
The  latter  have  been  subdivided  into  several  different  varieties,  depend- 
ing upon  the  arrangement  of  Nissl’s  basophilic  or,  as  they  are  also  called, 
chromophilic  or  tigroid  bodies:  (1)  Arkyochromes,  or  cells  in  which 

the  chromophilic  substance  is  arranged  in  rows;  (2)  sticho chromes,  or  cells 
in  which  the  chromophilic  substance  is  arranged  more  or  less  regularly 
throughout  the  cell;  (3)  gryochromes,  or  cells  in  which  the  chromophilic 
substance  occurs  in  fine  granules;  (4)  arky  sticho  chromes,  or  cells  in  which 
some  combination  of  the  preceding  is  present.  The  chromophilic  substance 
is,  as  a rule,  tolerably  uniformly  distributed  throughout  the  cell;  it  is, 
however,  worthy  of  note  that  just  beneath  the  point  where  the  axis- 
cylinder  process  emerges  from  the  cell  this  substance  is  largely  absent. 
In  conclusion,  it  should  be  noted  that  in  many  ganglion  cells  there  are 
small  collections  of  yellowish-brown  pigment,  situated  in  the  protoplasm 
just  outside  of  the  nuclear  wall;  the  quantity  of  this  pigment  increases 
with  age  and  under  pathologic  conditions. 

Method  of  Demonstration. — The  method  originally  employed  to  dem- 
onstrate these  tinctorial  peculiarities  of  ganglion  cells  was  that  of 
Nissl.  Blocks  of  tissue  not  over  1 cm.  in  thickness  are  hardened  in 
ninety-six  per  cent,  alcohol.  The  hardened  tissue  is  removed  from  the 
alcohol  and  gently  blotted  with  bibulous  paper;  dip  the  piece  of  tissue  in 
thick  celloidin  (see  Appendix)  and  attach  it  to  a block.  Do  not  embed. 
Harden  the  celloidin  in  ninety  per  cent,  alcohol  and  section  with  knife 
wet  in  alcohol  of  the  same  strength.  (Directions  for  cutting  celloidin 
sections  see  Appendix.)  Preserve  sections  in  ninety  per  cent,  alcohol. 
The  stain  used  is  a soapy  solution  of  methylene-blue  (methylene-blue, 
B.  patent),  and  had  best  be  purchased  as  prepared  by  Griibler,  who  has 
placed  it  on  the  market  under  the  name  “Soapy  Solution  of  Methylene- 
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blue  (Nissl).”  The  sections  are  placed  in  this  solution  and  heated  until 
bubbles  form;  they  are  then  washed  in  a mixture  composed  of  anilin  oil 
(10  parts)  and  ninety-six  per  cent,  alcohol  (90  parts)  until  differentiation 
is  completed.  The  sections  are  now  placed  on  the  slide,  blotted  with 
filter-paper,  and  cleared  in  oil  of  cajuput.  Wash  off  the  oil  with  benzin 
and  mount  in  a solution  of  colophony  in  benzin;  the  cement  is  applied  and 
is  gently  warmed  in  order  to  vaporize  the  benzin ; if  the  benzin  inflames, 
blow  out  the  flame  and  continue  the  warming;  finally,  when  the  benzin 
has  been  expelled,  apply  a cover-glass. 

In  the  hands  of  the  author  the  following  method  has  given  better 
and  more  uniform  results:  Fix  the  tissues,  which  should  be  as  fresh  as 
possible,  in  mercury  bichlorid  solution  (see  Appendix),  embed  in  paraffin 
(see  Appendix),  section,  and  attach  to  the  slide  in  the  usual  way ; remove 
the  paraffin,  wash  in  alcohol  followed  by  water,  and  stain  sections  for 
from  five  to  thirty  minutes — twelve  to  twenty-four  hours  will  do  no 
harm— in  the  following  solution: 


Toluidin-blue  1.5  gm. 

Carbolic  acid,  5 per  cent,  solution  in  water  100.0  c.c. 


This  solution  keeps  indefinitely.  After  staining  thoroughly  wash  the 
section  in  water  and  differentiate  in  styrone  (see  Appendix).  Unna’s 
glycerin-ether  mixture  (see  Appendix),  water  containing  one  per  cent, 
acetic  acid,  or  alcohol;  again  wash  with  water,  quickly  dehydrate  in  or- 
dinary alcohol,  and  clear  in  cedar  oil.  The  chromophilic  substance  is 
stained  a dark  blue,  the  intensity  of  which  depends  on  the  extent  to  which 
the  differentiation  has  been  carried. 

Thionin  is  chemically  closely  related  to  toluidin  blue  and  may  be 
used  in  the  same  manner;  the  following,  however,  is  recommended: 
Fix  blocks  of  tissue,  not  over  1 cm.  in  thickness,  in  ten  per  cent,  aqueous 
solution  of  formalin  for  twenty-four  hours,  dehydrate,  infiltrate  in 
celloidin  and  section  as  usual.  The  sections  are  transferred  to  water, 
from  which  they  are  placed  in  a one  per  cent,  aqueous  solution  of  thionin 
for  from  one  to  five  minutes;  wash  in  water  until  the  excess  of  dye  is 
removed  and  differentiate  in  a mixture  composed  of  anilin  oil  10  c.c.  and 
absolute  alcohol  90  c.c.  As  soon  as  the  section  becomes  a pale  blue, 
wash  rapidly  in  absolute  alcohol,  clear  in  xylol,  and  mount  in  balsam. 
The  color  reactions  in  the  stainable  substances  are  practically  the  same 
as  those  given  above  for  toluidin  blue. 

Neurofibrils.1 — The  studies  of  Bethe,  Apathy,  Simarro,  Cajal,  and 
others  have  shown  that  important  components  of  the  neurone  are  ex- 
tremely delicate  fibrils,  some  of  which  are  within  the  ganglion  cells  and 
are  projected  into  the  axis-cylinders;  other  fibrils  are  pericellular.  Of 
a number  of  methods  that  have  been  recommended  for  the  demonstration 
of  these  bodies,  the  following  (Cajal)  has  been  found  acceptable:  Harden 

specimens  about  3 mm.  in  thickness  in  100  c.c.  of  alcohol  containing  1 c.c.  of 
ammonia  for  from  twenty-four  hours  to  three  days;  wash  in  distilled 
water,  transfer  to  1.5  per  cent,  aqueous  solution  of  nitrate  of  silver  for 
from  three  to  (five  days  at  30°  C.  to  350  C.  Complete  the  reduction  of 
the  silver  by  allowing  the  specimens  to  remain  for  twenty-four  hours  in 

1 Marinesco,  Revue  Neurolog.,  May  15,  1904,  p.  405.  Bielchowsky,  Jour.  f. 
Psychol,  u.  Neurol.,  1904,  Bd.,  lii,  fasc.  4,  p.  30.  Held,  Neuro.  Centralbl.,  Aug.  1, 
1905,  p.  706.  Kolmer,  Anat.  Anzeig.,  1905,  Bd.  xxvii,  Nos.  16  and  17.  Antoni,  Folio 
Neuro- Biologica,  Oct.,  1908. 
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a mixture  composed  of  formalin  5 c.c.,  pyrogallic  acid  2 gm.,  distilled 
water  100  c.c.  Infiltrate  in  paraffin  or  celloidin  and  section;  dehydrate 
the  sections,  clear  with  xylol,  and  mount  in  balsam.  The  impregnated 
fibrils  are  black  or  brownish-black. 

Myelin  stains  : In  the  great  majority  of  instances  the  processes  of  the 

nerve-cells  that  become  axis-cylinders  of  nerves,  in  a short  distance  after 
passing  from  the  cells,  are  enveloped  by  a stratum  of  a peculiar  sub- 
stance, nearly  related  to  fat,  and  known  as  myelin  or  the  white  substance 
of  Schwann.  After  this  substance  surrounds  the  axis-cylinder  it  is  diffi- 
cult so  to  stain  the  latter  that  it  can  be  differentiated  from  the  tissues  with 
which  it  happens  to  be  in  contact.  As  the  myelin  sheath  accompanies 
it  almost  to  its  termination,  attention  has  been  directed  to  staining  this 
covering  rather  than  the  axis-cylinder  itself;  coloration  of  the  myelin 
sheath  is  accomplished  in  a most  beautiful  manner  by  the  methods  of 
Weigert  or  some  modification  of  his  processes. 

Blocks  of  tissue  1 cm.  to  2 cm.  in  maximum  diameter  are  hardened 
in  Miil.er’s  fluid  until  they  acquire  a dark  brown  color;  this  generally 
takes  from  six  to  eight  weeks,  and  may  be  slightly  hastened  by  keeping 
the  tissues  warm  (30°  C.  to  350  C.)  and  frequently  changing  the  solution. 
Rinse  off  the  excess  of  Muller’s  fluid,  dehydrate,  and  infiltrate  with 
celloidin.  The  sections  should  be  relatively  thick,  20  ft  to  30  /a;  they 
are  rinsed  in  water  and  transferred  to  stain  possessing  the  following 
composition:  Dissolve  10  gm.  of  hematoxylin  (crystals  or  powder) 

in  90  c.c.  of  absolute  alcohol;  prepare  the  stain  to  be  used  by  adding 
10  c.c.  of  the  alcoholic  solution  of  hematoxylin  to  90  c.c.  of  water  con- 
taining 1 c.c.  of  a saturated  aqueous  solution  of  carbonate  of  lithium. 
The  alcoholic  solution  of  hematoxylin  should  have  been  ripened  by 
exposure  to  the  light  for  at  least  two  weeks;  the  saturated  aqueous 
solution  of  carbonate  of  lithium  may  also  be  kept  on  hand,  but  the  final 
stain  must  be  freshly  prepared  from  the  stock  solutions.  Sections  are 
left  in  the  stain  for  twenty-four  hours,  after  which  they  are  removed 
and  thoroughly  washed  in  water.  The  differentiation  is  accomplished 
in  a solution  composed  of  borax  2 gm.,  ferricyanid  of  potassium  2.5  gm., 
water  100  c.c.,  which,  for  the  beginner,  had  best  be  diluted  with  an  equal 
volume  of  water.  The  sections  are  lightly  agitated  in  the  differentiating 
solution  until  the  white  and  gray  substances  are  clearly  differentiated, 
the  length  of  time  necessary  varying  according  to  the  strength  of  the 
differentiating  solution  used.  The  sections  are  then  washed  through 
several  changes  of  water,  dehydrated  in  ninety-five  per  cent,  alcohol, 
cleared  in  a mixture  called  carbolxylol — which  consists  of  carbolic  acid 
crystals  1 part,  xylol  3 parts — and,  finally,  they  are  mounted  in  balsam. 
When  stained  by  the  method  just  given,  all  parts  of  the  section  not 
colored  by  the  hematoxylin  are  yellowish,  and  if  it  is  especially  desired 
to  photograph  the  specimen,  Pal’s  method  of  decolorization  may  be  used. 
The  tissue  is  prepared  by  the  method  given  above,  and  the  sections 
cut  and  stained  with  the  hematoxylin-carbonate  of  lithium-water  mixture 
as  already  directed.  They  are  then  washed  in  water  and  transferred 
to  a solution  composed  of  potassium  permanganate  0.25  gm.  and  water 
100  c.c.,  in  which  the  gray  substance  turns  a brownish-yellow.  The 
time  required  for  this  stage  is  usually  brief,  varying  between  thirty  sec- 
onds and  five  minutes.  The  sections  are  at  once  transferred  to  a solu- 
tion consisting  of  oxalic  acid  1 gm.,  sulphite  of  potassium  1 gm.,  water 
200  c.c.  In  a few  seconds  the  gray  matter  becomes  colorless  and  the 
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specimen  should  be  quickly  placed  in  water,  several  changes  of  which 
are  necessary  to  remove  the  last  traces  of  the  differentiating  solution. 
Finally  each  section  is  dehydrated  in  ninety-five  per  cent,  alcohol,  cleared 
in  carbolxylol  and  mounted  in  balsam.  By  the  foregoing  myelin  sheath 
stains  this  substance,  when  normal,  is  tinged  a deep  purple  or  almost 
black,  and  the  presence  of  degenerative  or  necrotic  processes  is  indicated 
by  the  absence  of,  or  abnormality  in,  the  myelin  reaction. 

In  addition  to  the  purely  nervous  elements  of  the  central  nervous 
system,  there  is  a supporting  structure,  as  has  been  before  remarked, 
known  as  the  neuroglia.  This  consists  of  numerous  small  cells,  termed 
glia  cells,  and  a tangled  mass  of  fibrils  that  closely  surround  the  cells 
and  the  various  nerve  elements;  it  is  not  probable  that  these  fibrils  are 
really  connected  with  the  glia  cells;  the  relation  between  the  fibrils  and 
cells  is,  however,  so  intimate  that  the  former  have  been  generally  described 
as  processes  of  the  latter,  and  together  they  are  spoken  of  as  moss  or 
spider  cells,  depending  upon  their  individual  peculiarities.  The  cells 
may  be  seen  after  preparing  tissues  in  the  ordinary  way,  but  the  fibrils 
are  brought  out  only  by  special  methods,1  of  which  that  devised  by 
Mallory  is  recommended.  The  first  step  in  this  process  is  the  prepara- 
tion of  phosphotungstic  hematoxylin,  which  is  made  by  dissolving  0.1 
gm.  of  hematoxylin  in  80  c.c.  of  water,  using  heat  if  necessary,  and, 
when  cool,  adding  20  c.c.  of  a 10  per  cent,  aqueous  solution  of  phospho- 
tungstic acid  (Merck).  It  is  usually  necessary  to  ripen  this  mixture 
artificially  by  the  addition  of  0.2  c.c.  of  hydrogen  peroxid.  The  tissues 
are  fixed  in  10  per  cent,  aqueous  solution  of  formalin  for  four  days  and 
are  then  placed,  for  an  equal  length  of  time,  in  a saturated  aqueous 
solution  of  picric  acid.  From  the  latter  mixture  they  are  transferred 
to  a five  per  cent,  aqueous  solution  of  bichromate  of  ammonium,  in 
which  they  should  remain  from  three  to  four  weeks  at  room-temperature 
or  four  to  six  days  at  370  C. ; dehydrate  with  alcohol  and  imbed  in  celloidin 
(see  Appen.).  The  sections  are  transferred  to  a solution  consisting  of 
potassium  permanganate  0.5  gm.,  water  100  c.c.,  for  wenty  to  thirty  min- 
utes; they  are  then  washed  in  water  and  placed  in  a five  per  cent,  aqueous 
solution  of  oxalic  acid  for  from  one  to  two  hours.  Wash  thoroughly 
in  water  and  stain  in  the  phosphotungstic  acid  hematoxylin  for  from 
one  to  two  days,  wash  lightly  in  water  and  transfer  to  a freshly  prepared 
twenty  per  cent,  alcoholic  solution  of  ferric  chlorid  for  from  ten  to  twenty 
minutes.  The  latter  solution  must  be  removed  by  thorough  washing 
in  several  changes  of  water;  dehydrate  in  ninety- five  per  cent,  alcohol, 
clear  in  oleum  origani  cretici,  and  mount  in  xylol  balsam.  The  neuroglia 
fibers  are  stained  a transparent  blue  and  the  nuclei  and  any  fibrin  present 
are  similarly  tinged. 

The  structures  composing  the  neurons  and  also  the  neuroglia  fibers 
and  cells  are  believed  to  be  derived  from  the  epiblastic  tissues  of  the 
body,  and  should  be  looked  upon  as  but  modified  epithelial  cells.  Al- 
though not  of  connective-tissue  origin,  the  neuroglia  in  pathologic  proc- 
esses affecting  the  central  nervous  system  comports  itself  in  a manner 
resembling  the  changes  occurring  in  fibrous  tissue  which  constitutes 
the  interstitial  structure  of  other  organs;  when  inflammation  or  de- 
generation destroys  the  functionally  higher  tissue — ganglion  cells  and 
fibers — the  neuroglia  increases  in  a way  corresponding  to  the  increased 

1 Mallory  and  Wright,  Pathological  Technic.  Bartel,  Zeit.  f.  Wissen.  Milcro., 
Aug.  1,  1904,  p.  18. 
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connective  tissue,  for  example,  in  the  heart  after  destructive  meta- 
morphoses of  the  cardiac  muscle.  The  processes  affecting  the  central 
nervous  system,  and  included  under  the  general  term  sclerosis,  are 
constantly  associated  with  the  disappearance  of  the  elements  that  enter 
into  the  formation  of  neurons  and  more  or  less  hyperplasia  of  the  sus- 
tentacular  tissue — the  neuroglia. 

The  white  substance  of  the  central  nervous  system  consists  of  axis- 
cylinders  surrounded  by  myelin,  and  imbedded  in  neuroglia.  The  gray 
matter  is  composed  of  ganglion  cells  and  their  processes,  bound  together 
by  neuroglia.  The  ganglion  cells  of  the  gray  substance  show  certain 
peculiarities  in  different  situations;  as  examples  of  this  may  be  cited 
the  arrangements  and  especial  characteristics  of  the  cells  of  the  gray 
matter  of  the  cerebrum,  of  the  cerebellum,  and  of  the  spinal  cord.  In 
the  cerebral  cortex  the  gray  matter  begins  just  beneath  the  pia.  The 
outer  layer  of  this  structure  contains  only  protoplasmic  processes,  de- 
rived from  the  underlying  pyramidal  cells,  and  neuroglia,  and  is  called 
the  molecular  layer;  immediately  beneath  this  is  the  layer  of  small  pyram- 
idal ganglion  cells.  Underlying  and  adjacent  to  the  last-named  stra- 
tum is  another  layer,  also  resembling  the  first,  but  the  ganglion  cells 
are  longer  than  in  the  layer  last  referred  to,  and  are  called  the  large 
pyramidal  cells.  Still  deeper,  and  forming  the  deepest  stratum  of  gray 
matter,  is  a fourth  layer,  in  which  the  nerve-cells  are  irregular  in  form, 
and  are  hence  termed  polymorphous.  From  most  of  these  cells  axis- 
cylinders  of  nerves  arise. 

The  outer  part  of  the  gray  matter  of  the  cerebellar  cortex  is  also 
termed  the  molecular  layer.  In  it  are  two  kinds  of  nerve-cells — the 
small,  occupying  the  outer  part  of  the  layer,  and  the  large  or  basket  cells, 
lying  more  deeply.  Beneath  the  molecular  layer  is  a very  thin  stratum 
containing  the  ce  Is  of  Purkinje.  These  cells  are  very  large,  and  send  off 
abundant  protoplasmic  processes;  they  are  unique  in  that  they  are  the 
only  ganglion  cells  in  the  cerebellum  from  which  arise  axis-cylinders  that 
become  nerves.  Beneath  the  molecular  layer  is  a granule  layer  contain- 
ing numerous  cells,  some  of  which  are  slightly  larger  than  others.  The 
nuclei  of  these  cells  stain  intensely,  and  hence  belong  to  the  group  of  cells 
called  karyochromes. 

The  anterior  cornua  in  the  spinal  cord  also  contain  numerous  large 
multipolar  ganglion  cells.  From  the  seventh  cervical  to  the  third  lumbar 
segments  a group  of  nerve-cells  lies  in  the  inner  part  of  the  neck  of  the 
posterior  horn  and  constitutes  the  column  of  Clarke.  The  neuroglia 
cells  are  very  numerous  immediately  around  the  central  canal  of  the  cord, 
which  area  is  often  called  the  substantia  gelatinosa  centralis. 

The  arteries  of  the  central  nervous  system  are  abundantly  supplied 
with  elastic  tissue,  the  contractility  of  which,  under  normal  conditions, 
is  not  lost  with  age;  for  this  reason  it  is  thought  that  ordinarily  the 
mind  does  not  correspondingly  fail  along  with  the  strength  and  other 
bodily  functions  in  old  age. 

The  nerves  passing  from  the  brain  and  cord  consist  of  numerous 
bundles  of  nerve-fibers  inclosed  in  a common  sheath  of  fibrous  tissue, 
called  the  epineurium.  The  individual  bundles  are  surrounded  by  a 
sheath,  continuous  with  the  foregoing,  termed  the  perineurium;  the 
last-named  structure  sends  processes  between  the  nerve-fibres,  which 
support  the  blood-vessels,  and  constitute  the  endoneurium.  Around 
each  individual  nerve-fiber  there  is  a delicate  connective-tissue  mem- 
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brane,  known  as  the  primitive  sheath,  within  which  is  the  myelin  cover- 
ing that  surrounds  the  axis-cylinder.  It  should  be  remembered,  how- 
ever, that  the  myelin  sheath  is  not  present  in  the  nerves  of  the  sympa- 
thetic system,  and  is  occasionally  absent  in  the  cerebrospinal  nerves. 
When  the  myelin  sheath  occurs,  it  is  interrupted  at  regular  intervals; 
such  interruptions  are  known  as  the  constrictions  or  nodes  of  Ranvier ; 
at  these  points  the  axis-cylinder  and  the  primitive  sheath  come  directly 
in  contact.  When  nerves  branch,  they  always  do  so  at  these  constric- 
tions. Just  before  the  nerve  ends  the  myelin  sheath  terminates,  and 
the  axis-cylinder  is  continued  onward  inclosed  only  in  its  primitive 
sheath. 


MALFORMATIONS  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  take  their  origin  from  the  formation  and 
subsequent  invagination  and  closing-over  of  a depression  in  the  superior 
germinal  layer,  known  as  the  medullary  groove.  After  closing,  this 
groove  forms  a cylindric  canal,  known  as  the  medullary  tube  ( neural 
tube),  the  walls  of  which  are  formed  by  the  invaginated  epiblastic  tissues 
from  the  superior  germinal  layer  just  mentioned.  This  tube  occupies 
the  position  in  the  embryo  corresponding  to  that  of  the  future  spinal 
cord  and  brain.  The  cord  is  formed  from  the  posterior  part  of  the  tube, 
while  the  brain  is  developed  from  three  saccular  dilatations,  known  as 
vesicles,  which  form  toward  its  anterior  end;  the  first  and  third  of  these 
vesicles  are  each  later  subdivided  into  two,  making,  in  all,  five  vesicles, 
from  which  the  different  parts  of  the  brain  take  their  origin.  The  epi- 
blastic tissues  constituting  the  covering  of  the  medullary  tube  especially 
multiply,  so  that  the  walls  of  the  tube  are  greatly  thickened  and  the 
developing  cells  become  specialized  into  the  peculiar  component  elements 
that  go  to  make  up  the  central  nervous  system.  This  thickening  en- 
croaches on  the  lumen  of  the  tube,  but  a small  canal  in  the  center,  and 
much  larger  cavities  in  the  brain,  persist  throughout  life;  the  former 
is  called  the  central  canal  of  the  cord,  and  the  latter  are  known  as  ven- 
tricles. These  cavities  are  all  lined  by  epithelial  cells,  which  in  early 
life  are  ciliated. 

In  normal  development  the  medullary  groove  is  entirely  cut  off 
from  the  superior  germinal  layer,  from  which  it  springs.  It  occasionally 
occurs  that  the  groove  is  not  closed,  and  a part  or  even  all  of  it  remains 
patent;  under  these  circumstances  neither  the  bony  arches  of  the  vertebras 
nor  the  posterior  and  upper  cranial  bones  develop  in  the  situation  where 
the  groove  fails  to  close.  In  these  cases  malformations  of  the  brain  or 
cord  result,  the  character  of  which  depends  on  the  situation,  kind,  and 
extent  of  the  areas  of  the  groove  not  closed  over.  We  possess  no  accurate 
information  as  to  the  cause  of  these  conditions;  the  general  aspects  of 
teratogenesis  are  discussed  on  page  9. 

Craniorrhachischisis  Totalis.1 — When  the  entire  medullary  groove 
remains  patent,  neither  the  skull  nor  the  vertebras  close  posteriorly; 
the  resulting  condition  is  called  craniorrhachischisis  totalis.  A fetus 
that  at  birth  presents  this  malformation  is  found  to  possess,  on  the  dorsal 
surface  of  its  trunk,  a wide,  shallow  depression,  uncovered  by  skin, 
occupying  the  median  line,  which,  passing  upward,  becomes  expanded 

1 Given,  Proceed.  Path.  Soc.  of  Phila.,  June,  1902,  n.  s.,  vol.  v,  p.  266.  Vurpas 
and  Leri,  C.  R.  Acad,  des  Sci.,  July  20,  1903. 
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over  the  posterior  part  of  the  head.  In  the  median  line  of  this  fissure, 
flattened  out  over  the  bodies  of  the  vertebrae,  are  found  varying  amounts 
of  a delicate,  soft,  and  very  vascular  tissue,  consisting  of  the  rudiments 
of  the  brain  and  cord;  in  rare  instances  no  nervous  tissue  can  be  dem- 
onstrated. In  many  cases,  however,  the  anterior  part  of  the  brain  is 
fairly  well  developed.  The  external  surface  of  the  fissure  is  covered  by 
columnar  epithelium,  which  is  continuous  on  each  side  with  the  squa- 
mous epithelium  of  the  skin,  and  corresponds  to  the  epithelial  lining  of 
the  central  canal  of  the  cord  and  the  ventricles  of  the  brain.  Between 


Fig.  424. — Craniorrhachischisis  Totalis. 

There  is  a small  amount  of  brain  substance  present  and  a few  shreds  of  nervous  tissue  in  the  spinal  groove. 

the  rudimentary  nerve  substance  and  the  bodies  of  the  vertebras  are  the 
highly  vascular  tissues  of  the  pia  and  arachnoid,  and,  still  more  deeply,  a 
fibrous  membrane — the  dura;  between  the  arachnoid  and  dura  there  is 
often  a flattened  cavity,  containing  fluid,  and  corresponding  to  the  sub- 
dural space.  In  total  craniorrhachischisis  the  e}res  project  prominently 
from  the  flattened  skull,  but  generally  neither  they  nor  the  nose  are 
greatly  displaced.  The  spinal  column  is  always  abnormally  curved 
forward. 

Much  commoner  than  failure  of  the  entire  medullary  tube  to  develop 
are  limited  defects  restricted  to  small  areas  of  either  the  cranial  or  spinal 
portions.  These  local  anomalies  can  be  more  easily  understood  from 
an  examination  of  the  spinal  malformations;  and  as  they,  in  a way,  lead 
up  to  the  more  complex  but  analogous  condition  occurring  in  the  brain, 
they  will  be  first  considered. 

Rhachischisis  Totalis  (Holorrhachischisis). — In  case  the  entire  spinal 
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portion  of  the  groove  remains  patent  the  condition  that  results  is  known 
as  rhachischisis  totalis.  With  the  exception  of  the  fact  that  the  brain  is 
not  involved,  this  condition  differs  in  no  way  from  craniorrhachischisis 
totalis,  and  a separate  description  is  therefore  unnecessary. 

Rhachischisis  Partialis  (Merorhachischisis). — When  only  a part  of  the 
spinal  portion  of  the  medullary  tube  fails  to  close,  the  resulting  condition 
is  called  rhachischisis  partialis;  this  is  most  frequent  in  the  sacrolumbar 
and  cervical  regions,  but  the  intermediate  parts  are  also  occasionally 
affected.  As  in  total  rhachischisis,  the  rudimentary  spinal  cord  is 
exposed — owing  to  a failure  of  development  on  the  part  of  the  vertebral 
arches — in  the  situations  where  the  groove  remains  patent,  and  the 
anatomy  of  the  condition  is  essentially  that  of  the  more  pronounced 
malformations.  The  spinal  cord  in  the  affected  area  is  spread  out  on 
the  vertebral  bodies,  forming  an  irregular  layer  of  soft,  red,  and  very 
vascular  tissue,  which  connects  the  two  ends  of  the  normal  cord,  or,  in 
some  instances,  forms  the  termination  of  the  cord  below;  in  many  cases, 
however,  this  intervening  rudimentary  substance  is  present  to  a very 
limited  degree,  or  may  be  entirely  absent.  When  nervous  structures 
are  present,  they  are  covered  by  columnar  epithelial  cells,  and  lie  upon 
a membrane  that  corresponds  to  the  pia  of  the  normal  cord.  The  edges 
of  this  pial  membrane  are  usually  exposed  at  the  lateral  margins  of  the 
spinal  substance,  and,  therefore,  intervene  between  the  latter  and  the 
skin  of  the  back.  Near  the  upper  or  lower  margin  of  the  defective 
cord,  or  at  both  points,  there  is  a small  depression,  which  corresponds 
to  the  closed  end  of  the  central  canal  of  the  normal  cord  beyond.  Be- 
tween the  pia,  on  which  the  undeveloped  cord  lies,  and  the  bodies  of 
the  vertebras  are  the  arachnoid  and  dural  membranes,  with  the  inter- 
vening spaces  filled  with  liquid,  as  in  the  normal  vertebral  canal. 

Myelomeningocele. — When  the  condition  just  described  exists  in 
infants  or  children,  especially  if  it  be,  as  is  generally  the  case,  toward 
the  lower  end  of  the  spinal  column,  the  subarachnoid  space  frequently 
dilates  as  a result  of  the  long-continued  pressure  of  the  contained  fluid 
on  the  delicate  pia,  which,  with  the  rudimentary  cord,  forms  the  external 
wall  of  the  cavity.  In  the  beginning  the  structures  just  mentioned, 
with  a few  delicate  strands  of  tissue  from  the  arachnoid,  form  the  entire 
outer  wall  of  the  tumor,  but  as  the  swelling  increases  the  neighboring 
skin  becomes  a part  of  its  external  support.  This  condition  is  tech- 
nically known  as  myelomeningocele.  When  the  myelomeningocele 
is  situated  at  the  end  of  the  cord,  the  tumor  shows  on  its  convex  surface 
a slight  depression,  which  corresponds  to  the  closed  end  of  the  central 
canal  of  the  cord  previously  referred  to. 

Meningocele. — This  is  another  variety  of  malformation  closely  resem- 
bling  in  appearance  the  one  just  considered;  it,  however,  differs  from  mye- 
lomeningocele, in  that  it  appears  not  to  depend  on  an  abnormal  develop- 
ment of  the  medullary  part  of  the  tube,  but  is  due  to  a deficiency  of  the 
bony  wall  of  the  vertebral  column.  Under  these  circumstances  there 
is  sometimes  formed  a saccular  tumor,  the  walls  of  which  are  composed  of 
the  external  layer  of  the  arachnoid  and  the  dura,  external  to  which  are 
the  soft  parts  covering  the  particular  area  involved.  Meningocele  is 
most  frequent  in  the  sacral  region,  where  defects  in  the  vertebras  are 
most  common.  In  rare  instances  the  defect  is  in  the  body  of  the  verte- 
brae, in  which  case  the  sac  projects  forward;  it  is  thus  possible  for  the 
tumor  to  protrude  into  the  abdominal  cavity. 
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Myelocystocele  (Hydromyelocele). — When  there  are  deficiencies  in  the 
vertebras,  saccular  tumors  are  in  rare  instances  developed  having  their 
origin  in  accumulations  of  fluid  in  the  central  canal  of  the  cord.  In  their 
outward  appearance  they  closely  resemble  meningocele,  but,  of  course, 
differ  in  that  the  inner  wall  of  the  tumor  is  composed  of  the  compressed 
substance  of  the  cord.  Myelocystocele  in  most  instances  occurs  in 
connection  with  lateral  clefts  in  the  vertebrae,  and  defects  in  their  bodies 
are  also  often  present.  Shortening  of  the  trunk  is  a frequent  consequence. 
When  there  is  no  defect  in  the  vertebral  column,  the  central  canal  is 
sometimes  dilated  as  a result  of  increased  amounts  of  fluid  within  (sal- 
pingomyelus;  hydromyelia) ; the  dilatation  may  be  diffuse.  Meningocele 
and  myelocystocele  sometimes  occur  together;  the  condition  is  known 
as  myelocystomeningocele. 


Spina  bifida  is  the  common  clinical  term  for  designating  any  of  the 
foregoing  conditions  associated  with  the  formation  of  tumor-like  masses. 
Moore’s1  analysis  of  385  cases  showed  that  twentyr-three  per  cent,  were 
sacral,  thirty-four  per  cent,  lumbar,  twenty-nine  per  cent,  lumbosacral, 
4.5  per  cent,  thoracic  and  9.5  per  cent,  cervical;  two  were  occipital.  In 
the  condition  called  spina  bifida  occulta2  there  is  no  external  protrusion. 
The  condition  is  sometimes  associated  with  an  abundant  growth  of  hair 
(hypertrichosis  sacralis),  usually  situated  in  the  sacral  areas;  a dimple 
or  palpable  cleft  may  be  present. 

Malformations  of  the  spinal  cord  without  accompanying  defects  in  the 
vertebras  are  quite  unusual,  and  are  rarely  of  a pronaunced  character. 

1 Trans.  Amer.  Surg.  Assoc.,  1905. 

- Schein,  Budapesti  Orv.  Ujsag,  1904,  No.  7.  Voelcker,  Munch,  med.  Woch., 
Oct.  13,  1903,  p.  1802.  Sever,  Boston  Med.  and  Surg.  Jour.,  Sept.  16,  1907,  p.  388. 
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However,  the  cord  is  sometimes  abnormally  short  and  slender  (micro- 
myelia),  and  occasionally  exhibits  partial  duplications  (diastemato- 
myelia).  Asymmetries  also  occur. 

Defects  in  the  nerve-roots  are  comparatively  infrequent. 

Primary  defective  development  of  the  nerve-tracts  has  also  been 
observed;  this  is  of  interest,  in  that  it  may  become  the  starting-point 
of  disease  in  later  life. 

An  anomalous  condition  of  the  spinal  cord,  known  as  heterotopia,  is 
occasionally  observed;  in  this  abnormality  the  gray  substance  does  not 
bear  its  normal  relation  to  the  white  matter,  but  is  more  or  less  scattered 
through  it. 

The  malformations  of  the  brain  in  general  correspond  to  those  oc- 
curring in  the  cord;  the  causes,  however,  of  the  various  defects  are  not 
so  well  understood.  In  addition  to  craniorrhachischisis,  which  has  been 
described,  there  is  no  doubt  that  many  cerebral  malformations  owe  their 
origin  to  permanent  patency  of  the  medullary  groove;  it  is  equally  clear 
that  others  result  from  fluids  accumulating  in  the  cranial  cavity  of  the 
embryo,  and  causing  the  bony  walls  to  yield.  There  are  doubtless 
also  other  causes  that  occasionally  produce  these  conditions,  the  real 
nature  of  which,  however,  is  largely  a matter  of  conjecture. 

Cranioschisis  is  a condition  produced  by  the  same  cause  as,  and 
closely  related  to,  craniorrhachischisis,  and  corresponds  in  the  brain  to 
rhachischisis  of  the  cord.  Here,  also,  the  cranial  vault  is  to  a greater  or 
less  extent  absent,  and  on  the  basal  bones  lies  a reddish  mass  of  tissue, 
which  may  contain  rudimentary  brain  substance,  or,  more  rarely,  none 
at  all  (anencephalia).  This  reddish  mass  is  covered  by  columnar  epithe- 
lium, which,  as  in  rhachischisis,  becomes  continuous  with  the  surrounding 
skin.  The  base  of  the  skull  is  very  small,  while  the  jaw  and  eyes  project 
prominently,  giving  to  the  head  a very  characteristic  appearance;  for  this 
reason  it  is  sometimes  spoken  of  as  cat-head  or  toad-head. 

It  occasionally  happens  that  one  or  more  of  the  gyri  fail  in  a greater 
or  less  degree  to  develop,  leaving,  at  the  point  a depression  that  may 
extend  to  the  ventricle.  These  cavities  of  the  cerebral  cortex  are  most 
common  in  the  central  and  parietal  lobes.  They  have  received  the  name 
of  porencephalia.1  Cavities  very  similiar  to  these  may  occur  in  the  cere- 
bral cortex  as  the  result  of  disease;  such  condition  is  termed  pseudopo- 
rencephalia. 

Circumscribed  errors  in  development  occur  in  the  skull  analogous  to 
those  that  are  seen  in  the  spinal  column,  but  differing  from  them  in  some 
minor  details.  They  are  most  frequent  in  the  median  line,  and  in  the 
majority  of  instances  are  situated  in  the  posterior  portion  of  the  skull. 

Encephalomeningocele  corresponds  to  myelomeningocele;  it  consists 
of  a saccular  tumor  of  varying  size  projecting  from  the  skull  at  some 
point — usually  the  occipital  region.  On  section  its  walls  are  found  to 
consist  of  the  outer  layer  of  the  arachnoid,  the  dura,  and  the  skin  and  a 
hernial  projection  of  brain-substance,  which  at  the  apex  of  the  tumor  is 
closely  adherent  to  the  meningeal  coverings,  these  being,  in  turn,  firmly 
united  to  the  skin;  a small  scar,  or,  sometimes,  a minute  mass  of  reddish 
tissue,  representing  the  point  where  the  medullary  groove  failed  to  close, 
or  was  last  obliterated,  will  usually  be  found  on  the  external  surface  of  the 
skin,  corresponding  to  the  point  of  adhesion  of  the  membranes  below. 

1 See  Shirres,  Studies  from  the  Royal  Victoria  Hospital,  Montreal  vol  i No  2 
Jan.,  .1902.  ’ ’ ' ’ 
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More  or  less  fluid  is  present  in  the  sac,  usually  between  the  brain  and  the 
adjacent  wall. 

Meningocele. — Should  brain-substance  be  entirely  absent  from  such 
a saccular  tumor  as  has  just  been  described,  the  condition  is  called  me- 
ningocele. 


Fig.  426. — Encephalomeningocele. 

A form  of  hernia  cerebri.  ( Birnbaum .) 

Encephalocele. — The  term  encephalocele  is  used  to  designate  those 
saccular  tumors  springing  from  the  skull  that  contain  brain  substance  as 
well  as  the  meninges,  but  no  fluid.  They  are  closely  allied  to  the  condi- 
tions previously  referred  to.  When,  in  addition  to  brain  substance, 
a sac  containing  fluid  is  also  present  the  condition  is  called  encephalo- 
cystocele.1  Some  writers  use  cephalocele  to  include  all  protrusions — 
1 Phillips,  Medical  Record,  Oct.  10,  1908. 
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brain,  meninges,  or  both — through  any  cranial  defect;  in  this  way  it  be- 
comes synonymous  with  hernia  of  the  brain  or  membranes.  In  location 
these  may  be  nasofrontal,  frontal,  interfrontal,  frontoparietal,  parietal, 
occipital,  or  sphenoethmoidal  (sphenopharyngeal). 

Accumulations  of  fluids  not  infrequently  occur  in  the  ventricles  of  the 
brain  corresponding  to  myelocystocele,  salpingocele,  and  hydromyelia; 
the  condition  is  known  as  congenital  internal  hydrocephalus.1  This  ab- 
normality is,  as  a rule,  not  compatible  with  health  or  long  life,  but  infants 
so  afflicted  not  infrequently  live  for  a number  of  years,  and  complete  re- 
covery sometimes  occurs.  When  an  infant,  Thackeray  is  said  to  have 
been  hydrocephalic,  and  the  examination2  of  the  brain  of  Menzel,  the  great 
German  painter,  showed  that  he,  like  Helmholtz,  had  hydrocephalus. 
This  condition  is  associated,  when  at  all  extreme,  with  enlargement  of  the 
skull,  greatly  interfering  with  the  normal  ossification  of  the  bones  compos- 
ing it;  in  some  instances  the  intracranial  pressure  becomes  so  great  that 
rupture  occurs,  though  immediate  death  does  not  necessarily  result. 
It  has  been  mentioned  that  some  of  the  malformations  of  the  brain  are 
brought  about  such  a rupture  occurring  in  utero. 

Small  portions  of  the  ventricles  of  the  brain  are  sometimes  separated 
from  the  main  cavities  by  adhesions.  When  this  happens,  the  isolated 
cavity  becomes  greatly  distended,  as  a result  of  accumulations  of  fluid 
within;  portions  of  the  fourth  ventricle  and  the  posterior  horns  of  the 
lateral  ventricles  most  frequently  exhibit  this  abnormality.  A like 
process  sometimes  occurs  in  the  fifth  ventricle. 

Cyclopia  (Synophthalmia). — When  arrest  of  development  involves  the 
anterior  part  of  the  brain  and  frontal  area  of  the  skull,  a malformation 
known  as  cyclopia  sometimes  occurs,  mainly  characterized  by  the  fact 
that  there  is  only  one  optic  nerve,  both  eyes  being  fused  into  one  organ 
that  usually  occupies  a cavity  in  the  center  of  the  forehead;  all  the  face- 
bones  except  the  upper  jaw  may  be  absent.  In  less  severe  forms  of  this 
condition  the  two  eyes  may  be  fused  in  part  only,  or  may,  without  union 
of  any  kind,  occupy  the  same  cavity.  (See  p.  569.)  The  nose  often 
fails  to  develop;  when  present  it  is  malformed,  and  occupies  a position 
above  the  single  orbit.  Sometimes  the  anterior  portion  of  the  brain 
fails  to  divide  into  two  normal  hemispheres,  and  the  ventricle  is  occasion- 
ally so  dilated  that  the  brain  appears  as  a large  cyst  (cyclocephalia) . 

Arrhinencephalia. — This  condition,  with  the  exception  that  the  nose 
is  always  absent,  and  also  the  olfactory  bulbs,  is  practically  identical 
with  cyclopia;  it  has  been  shown,  however,  that  arrhinencephalia  may 
exist  without  very  marked  malformation  of  the  eyes.  This  abnormality  is 
often  accompanied  by  cyclocephalia;  absence  of  olfactory  nerves;  fissure 
of  the  upper  lip  and  palate;  defective  development  of  the  intermaxillary 
bone  and  nasal  septum;  malformations  of  the  heart,  great  vessels,  and 
auricular  appendages;  umbilical  hernia;  supernumerary  fingers  and  toes; 
and  defects  of  the  diaphragm. 

Microcephaly  may  be  associated  with  arrhinencephalia.  It  is  char- 
acterized by  the  following  peculiarities:  the  brain  is  very  small;  its  con- 
volutions are  poorly  outlined  and  much  less  numerous  than  usual ; every- 
thing about  the  brain  attests  the  fact  that  it  is  undeveloped;  the  skull 
is  small  and  its  bones  exhibit  many  abnormalities  of  ossification,  or 


1 See  Spiller,  Amer.  Jour.  Med.  Sci.,  July,  1902. 

2 Berlin  Correspondent  of  Brit.  Med.  Jour.,  Feb.  18,  1905,  p.  384. 
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numerous  Wormian  bones  may  be  present.  If  any  or  all  of  the  ventricles 
are  dilated,  the  condition  is  known  as  hydromicrocephaly. 

Partial  hypoplasia  of  the  brain  may  also  occur.  It  is  most  common 
in  the  cerebrum  and  cerebellum,  though  it  may  involve  other  parts  of  the 
central  nervous  system.  If  the  gyri  are  abnormally  small  and  numerous, 
the  condition  is  called  microgyria.  In  the  case  recorded  by  Groz1  the 
corpus  callosum  was  absent. 

Hypertrophy  of  the  brain  may  occur,  but  the  condition  is  rare.  Under 
these  circumstances  the  normal  elements  present  in  the  brain  are  to  a 
greater  or  less  extent  increased  in  number. 

Heterotopia"  of  the  gray  matter  is  a condition  analogous  to  that 
observed  in  the  cord:  the  gray  matter  is  present  here  and  there  in  the 
white  substance,  giving  the  incised  surface  a mottled  appearance. 


DISEASES  OF  THE  MEMBRANES  OF  THE  BRAIN  AND  SPINAL  CORD. 

Diseases  of  the  membranes  of  both  the  brain  and  cord  will  be  con- 
sidered together,  for  not  only  are  they  practically  identical  in  their 
anatomy,  and  very  closely  related  by  continuity  of  surface,  but  they  are 
affected  alike  in  disease,  and  oftentimes  simultaneously.  As  the  dura 
may  be  diseased  and  the  membrane  that  lies  internal  to  it  may  be  to  all 
intents  and  purposes  normal,  and  vice  versa,  it  becomes  necessary  to 
consider  their  pathologic  conditions  separately. 

The  cerebrospinal  fluid  surrounds  the  brain  and  cord  and  occupies 
the  normal  cavities  of  these  organs;  normally  it  is  clear,  alkaline  in  re- 
action, possesses  a specific  gravity  of  1.005  to  1.010,  and  contains  traces 
of  proteids  and  glucose.  Normally  the  cell  content  is  low  not  exceeding 
ten  cells  per  cubic  millimeter;  in  health  mononuclears  alone  are  found; 
an  occasional  endothelial  cell  may  be  present.  Recent  studies  in  cyto- 
diagnosis3  have  shown  that  a microscopic  examination  of  this  liquid  may 
be  of  great  aid  in  diagnosis,  and  that  under  a number  of  conditions 
the  pressure  is  raised.  When  hemorrhage,  either  traumatic  or  pathologic 
in  origin,  involves  the  brain  and  discharges  red  cells  into  the  meningeal 
spaces  or  into  a ventricle  erythrocytes  can  usually  be  demonstrated  in 
the  cerebrospinal  fluid.  Subdural  and  other  forms  of  meningeal  hemor- 
rhage, whether  resulting  from  injury  or  other  causes,  usually  adds  enough 
blood  to  the  fluid  to  render  the  cells  demonstrable  by  lumbar  puncture. 
The  exclusion  of  blood  due  to  tapping  the  canal  is  not  always  possible; 
shadowy  or  dehemoglobinized  cells  are  always  suggestive.  The  lym- 
phocytes are  increased  in  chronic  inflammations  and  tumors,  and  par- 
ticularly in  syphilis  of  the  brain,  cord,  or  meninges.  In  such  parasyphilitic 
diseases  as  tabes  and  general  paralysis,  lymphocytosis  of  the  cerebro- 
spinal fluid  is  often  most  striking;  as  many  as  five  hundred  leukocytes 
to  the  cubic  millimeter  of  fluid  may  be  present;  usually  the  number  is 

‘Arch.  f.  Psychiat.,  Bd.  xlv,  p.  605,  1909. 

2 Alice  Hamilton,  Amer.  Jour.  Anat.,  Sept.  15,  1902,  vol.  i. 

3 See  references  on  p.  285,  where  the  subject  of  cytodiagnosis  is  discussed,  also 
consult  DeBuck,  Jour,  de  Neurol.,  x,  1905,  No.  17.  Kopetzky,  Amer.  Jour.  Med. 
Sci.,  April,  1906.  Thies,  Centralbl.  f.  Bakt.,  1906,  xxx,  No.  23.  Rous,  Amer.  Jour. 
Med.  Sci.,  April,  1907.  Cantineau,  Jour.  Med.  de  Brux.,  March  14,  1907.  Rehm, 
Munch,  med.  Woch.,  Aug.  4,  1908,  No.  31.  Dochez,  Jour.  Exper.  Med.,  Sept.  2, 
1909.  Buzzard,  Batten,  and  others,  Brit.  Med.  Jour.,  Sept.  21,  1907,  p.  739. 
Ebright,  Jour.  Amer.  Med.  Assoc.,  Nov.  7,  1908,  p.  1566.  Anglada,  These  de  Mont- 
pelier, 1909.  Mott,  Lancet,  July  2,  1910,  p.  1. 
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smaller.  During  the  active  stages  of  every  tuberculous  meningitis  a 
leukocytosis  of  the  cerebrospinal  fluid  is  constantly  present;  the  type  of 
leukocyte  is  not  so  constant  as  Widal  and  Sicard  originally  held,  but 
the  general  tendency  is  toward  a decided  preponderance  of  the  mononuclear 
forms — a mononucleosis.  In  the  acuter  and  most  intense  tuberculous 
meningitis  polynuclear  cells  may  dominate.  In  the  early  stages  of  all 
forms  of  suppurative  meningitis  polynuclear  cells  are  abundant  and 
may  be  present  in  larger  numbers  than  in  corresponding  quantities  of  the 
circulating  blood.  As  an  acute  purulent  lesion  grows  less  active  or  is 
dying  out  the  cell  picture  changes  and  mononuclears  become  more  nu- 
merous (mononucleosis) . This  finding,  therefore,  becomes  less  trustworthy 
when  the  first  examination  is  made  late  in  any  particular  case.  A rise  in 
the  globulin  content  of  the  cerebrospinal  fluid  is  always  suggestive  and 
the  presence  of  a coagulum  indicative  of  hemorrhage  or  inflammation. 
It  may  be  possible  to  demonstrate  specific  organisms  in  the  cerebrospinal 
fluid;  the  effort  is  always  worthy  of  trial  in  suspected  epidemic  meningitis, 
tuberculous  meningitis,  and  other  inflammations  affecting  the  meninges. 
The  parasite  believed  to  be  the  cause  of  syphilis  (p.  157)  and  the  tryp- 
anosoma of  sleeping  sickness  (p.  168)  have  been  found.  The  pressure 
under  which  the  fluid  exists  is  raised  in  certain  forms  of  uremia,  in 
eclampsia,  and  in  some,  but  not  all,  inflammatory  conditions;  normally 
this  pressure  is  between  65  mm.  and  100  mm.  of  water,  and  under  patho- 
logic conditions  the  tension  may  rise  to  500  mm.  or  600  mm.,  and  oc- 
casionally higher. 


THE  DURA  MATER. 

Circulatory  Disturbances. — Active  hyperemia  occurs  in  the  dura  in  the 
first  stages  of  inflammation.  Passive  hyperemia  is  induced  by  obstruction, 
from  any  cause  whatsoever,  of  the  larger  veins  or  sinuses.  Hemorrhages 
are  usually  the  result  of  injury,  but  may  occur  in  scurvy,  and,  occasionally, 
in  infectious  diseases.  Sinus  thrombosis1  of  the  cerebral  dura  is,  on  the 
whole,  an  infrequent  condition.  It  may  result  from  infective,  inflammatory, 
or  neoplastic  processes  involving  the  sinuses,  in  which  case  it  is  said  to  be 
secondary.  The  most  important  and  probably  the  most  frequent  form 
of  the  affection  is  that  accompanying  suppurative  lesions  of  the  middle 
ear  or  mastoid  and  is  manifested  by  a thrombosinusitis  which  often  gives 
rise  to  embolic  processes  (see  Thrombosis,  p.  263).  In  individuals  de- 
bilitated by  disease,  and  especially  in  the  young  and  aged,  the  formation 
of  thrombi  within  the  sinuses  occasionally  occurs ; in  such  marantic  thrombi 
bacteria  are  usually  absent,  at  least  evidence  of  infection  is  not  present, 
consequently  they  are  called  simple  thrombi;  they  are  most  common  in 
the  longitudinal  sinus.  The  sinus  thrombosis  sometimes  accompany- 
ing chlorosis  is  similarly  located. 

Morbid  A natomy. — In  the  great  majority  of  instances  the  clot  is  situated 
in  the  superior  longitudinal  sinus;  this  is  probably  in  a measure  due  to  the 
fact  that  the  veins  empty  into  it  in  a forward  direction,  and  the  current 
of  the  entering  blood  is  therefore  opposed  to  the  course  of  that  of  the 
blood  in  the  sinus,  and,  as  a consequence,  its  circulation  is  feeble.  The 
obstruction  causes  intense  congestion  in  the  blood-vessels  supplying 
the  occluded  sinus,  and  edema  in  the  area  involved;  this  congested 
condition  of  the  vessels  may  lead  to  rupture  of  the  smaller  veins,  so  that 
1 Spiller  and  Camp,  “Jour.  Amer.  Med.  Assoc.,’’  Sept.  24,  1904,  p.  88. 
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many  minute  areas  of  hemorrhage  are  often  observed.  Softening  of  the 
cerebral  tissues  occurs  in  the  vicinity  of  the  edematous  and  hemorrhagic 
spots.  Within  the  vessels  involved  there  may  be  found  a clot,  limited 
to  one  part  or  occupying  its  entire  extent,  at  first  dark  and  soft,  but 
later  becoming  harder  and  more  or  less  laminated,  as  a result  of  the  dep- 
osition of  successive  layers  of  fibrin. 

Inflammations  of  the  dura,  or  pachymeningitis,  may  be  acute  or 
chronic,  and  suppurative,  fibrinous,  or  productive  in  character. 

Suppurative  pachymeningitis  is  the  most  frequent  variety  of  inflam- 
mation of  the  dura;  it  may  be  acute  or  chronic.  It  is,  in  the  majority 
of  instances,  secondary  to  suppurative  disease  of  the  middle  ear,  but  may 
occur  after  injury  or  disease  of  the  skull  or  vertebrae.  This  form  of 
meningitis  is  sometimes  caused  by  suppuration  of  thrombi  in  the  various 
sinuses,  and  is  rarely  secondary  to  inflammations  of  the  pia  and  arach- 
noid; in  some  cases  the  infection  is  metastatic.  When  the  suppuration  is 
between  the  dura  and  the  bone  the  condition  is  called  external  suppurative 
pachymeningitis.  Suppuration  arising  from  or  extending  internally  in- 
volves the  leptomeninges. 

The  membrane  is  swollen,  owing  to  the  presence  of  increased  amounts 
of  fluid,  and  is  somewhat  reddened.  Microscopically,  the  tissues  contain 
many  polymorphonuclear  leukocytes,  swollen  connective-tissue  cells, 
and  varying  numbers  of  bacteria. 

Chronic  internal  pachymeningitis1  is  a peculiar  variety  of  inflam- 
mation affecting  the  dura,  particularly  that  of  the  cranial  cavity;  its 
causes  are  not  understood.  Of  the  dura  the  inner  surface  alone  is  in- 
volved, and  in  some  instances  the  inflammation  extends  to  the  pia  and 
arachnoid;  the  contiguous  bones  of  the  skull  are  sometimes  diseased. 
Sometimes  the  entire  surface  of  the  cranial  dura  is  affected,  and  occasion- 
ally the  condition  is  restricted  to  one  or  more  small  areas,  on  one  or  both 
sides  of  the  brain.  In  the  beginning  stages  of  the  disease  there  forms, 
on  the  internal  surface  of  the  dura,  a thin  false  membrane,  consisting  of 
fibrin,  in  which  are  many  connective-tissue  cells  and  a few  leukocytes. 
At  a later  stage  the  fibrinous  mass  is  permeated  by  blood-vessels;  these 
vessels  very  frequently  rupture,  giving  rise  to  hemorrhage,  and  justifying 
the  name  hemorrhagic  pachymeningitis,  which  is  generally  employed 
to  designate  this  condition.  The  hemorrhages  are  usually  small,  but 
sometimes  are  sufficiently  large  to  exert  considerable  pressure  on  the 
brain;  when  profuse,  they  produce  tumor-like  masses  called  hematomata. 
At  a later  stage  more  or  less  fibrous  tissue  is  formed  in  the  false  membrane, 
and  the  condition  assumes  the  form  of  a productive  inflammation. 
Sometimes  the  false  membrane  is,  in  a manner,  absorbed,  but  the  fibrous 
tissue  remains  as  a scar.  Discoidal  cysts  containing  blood,  or,  in  old 
cases,  almost  clear  serum,  are  occasionally  observed.  Barratt  does  not 
believe  that  the  process  is  of  bacterial  origin,  but  that  it  depends  upon 
abnormal  formation  of  fibrin  within  the  vessels,  the  walls  of  which 
subsequently  weaken  and  permit  hemorrhage.  Pressure  may  induce 
cortical  atrophy;  sometimes  cellular  infiltration  of  the  gray  matter  is 
present.  The  disease  is  most  common  among  the  insane  and  occurs 
in  men  about  twice  as  often  as  in  women.  If  the  condition  be  once 

1 Barratt,  Brain,  1902,  Part  II,  p.  181.  Munro,  Chicago  Clin.  Recorder,  Dec., 
1902,  p.  381.  Courtney,  The  Alienist  and  Neurologist,  Feb.,  1903.  Hertle,  Wien, 
klin.  Woch.,  Aug.  6,  1903,  p.  919.  Fischer,  Zeit.  f.  Heilk.,  1904,  Bd.  xxv,  H.  10. 
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inaugurated,  complete  recovery  probably  never  occurs;  periods  of  im- 
provement, followed  by  exacerbations,  are  frequently  observed. 

Tuberculosis  of  the  dura  is  secondary  to  tuberculosis  of  the  inner 
membranes,  or  follows  tuberculosis  of  the  bones  of  the  skull  or  vertebras. 
The  tubercles  present  the  same  nodular  characters,  with  areas  of  casea- 
tion, that  are  seen  in  tuberculosis  of  other  parts  of  the  body. 

Syphilis  of  the  dura  alone  is  quite  rare.  It  occurs  as  local  thicken- 
ings of  the  membrane,  composed  of  collections  of  lymphoid  and  plasma 
cells,  and  an  increase  in  the  amount  of  fibrous  tissue;  at  a later  stage 
calcareous  deposits  sometimes  form  in  these  areas.  The  blood-vessels 
generally  show  evidence  of  endarteritis.  Within  the  affected  tissue 
small  masses  of  caseous  material  are  occasionally  observed. 

Tumors. — Endothelioma  is  the  most  frequent  tumor  of  the  dura  and 
occasionally  attains  considerable  size.  Spindle-cell  sarcoma  and  other 
forms  of  sarcoma  are  sometimes  seen.  Psammoma,  fibroma,  and  second- 
ary carcinoma  occur;  osteomata  and  enchondromata  have  been  reported. 

The  Pia  and  Arachnoid. 

Circulatory  Disturbances. — Active  hyperemia  is  produced  by  any 
irritant  acting  on  the  membranes.  It  is,  therefore,  of  course,  always 
present  in  the  beginning  of  inflammations. 

Passive  hyperemia  is  the  result  of  thrombosis  of  any  of  the  large 
intracranial  vessels,  and  is  also  produced  by  tumors  and  exudations 
pressing  upon  and  obstructing  the  veins.  Under  these  conditions  the 
hyperemia  may  be  more  or  less  localized.  A more  general  condition  of 
hyperemia  of  the  passive  kind  is  caused  by  obstructive  diseases  of  the 
heart  or  lungs  that  interfere  with  the  onward  flow  of  the  blood. 

These  abnormal  states  of  the  membranes  are,  of  course,  identified 
by  the  fact  that  there  is  more  blood  present  within  the  meningeal  vessels 
than  is  normal.  The  recognition  of  these  conditions,  even  postmortem, 
is  often  difficult,  for  after  death  the  blood  gravitates  to  the  most  depend- 
ent situations.  If,  therefore,  the  head  of  the  subject  be  placed  lower 
than  the  body  for  any  length  of  time,  the  brain,  on  section,  presents 
an  appearance  of  extreme  congestion.  This  may  also  occur  to  a limited 
degree  if  the  skull  be  opened  before  the  other  cavities  of  the  body.  An- 
emia of  the  meninges  occurs  in  general  anemic  conditions  and  when  there 
is  narrowing  of  the  vessels  that  carry  the  blood  into  the  parts.  In 
cerebral  ischemia  from  any  cause  the  blood  in  the  meninges  is  less  than  in 
health. 

Edema  of  the  brain  results  from  conditions  similar  to  those  producing 
edema  elsewhere.  It  accompanies  most  inflammations,  although  the  in- 
tensity varies  greatly  and  the  destribution  is  not  always  uniform.  Venous 
and  sinus  thrombosis,  morbid  growths,  and  chronic  tuberculosis  and  syph- 
ilitic lesions  are  also  causes.  An  excess  of  fluid  is  also  present  in  the  meninges 
after  death  from  alcoholism,  nephritis,  and  chronic  cardiac  disease.  The 
condition  is  characterized  by  the  presence  of  swelling,  and  on  section  more 
fluid  exudes  than  is  normally  the  case;  the  membranes  generally  possess  a 
translucent,  gelatinous  appearance.  If  the  ventricular  plexuses— which,  it 
wdl  be  remembered,  are  but  extensions  of  the  pia — become  inflamed  or 
otherwise  diseased  in  such  a way  as  to  cause  increased  permeability  of  the 
walls  of  the  blood-vessels  within  them,  it  must  follow  that  the  quantity  of 
fluid  in  the  ventricles  will  be  increased,  causing  distention  and  enlarge- 
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ment  of  the  ventricles;  the  condition  is  called  acquired  internal  hydro- 
cephalus.1 Inflammatory  thickenings  due  to  tuberculosis,  syphilis,  or 
other  causes  which  affect  the  membranous  roof  of  the  fourth  ventricle 
and  involve  Magendie’s  foramen  or  other  foramina  in  such  a way  as  to 
prevent  fluid  from  escaping  from  the  ventricles,  leads  to  its  accumulation 
in  these  cavities.  Galatts  believes  that  every  instance  of  hydrocephalus 
not  explained  by  some  other  condition  is  due  to  syphilis.  Some  cases 
are  traumatic.  Accumulation  of  fluid  in  the  ventricles  is  occasionally 
observed  in  tumors  and  cysts  of  the  choroid  plexus.  In  this  connection  it 
may  be  remarked  that  in  conditions  giving  rise  to  atrophy  or  necrosis  of 
any  part  of  the  brain  the  space  made  vacant  by  the  process  is  filled  with  fluid. 
The  condition  is  termed  hydrops  ex  vacuo. 

Inflammation  of  the  pia  and  arachnoid  is  called  leptomeningitis,  or 
simply  meningitis.  Like  inflammations  of  the  dura,  it  may  be  acute  or 
chronic,  and  suppurative,  fibrinous,  or  productive.  Etiologically  this 
form  of  meningitis  may  be  due  to  pyogenic  cocci,  the  pneumococcus, 
anthrax  bacillus,  typhoid  bacillus,  colon  bacillus,  influenza  bacillus, 
bacillus  of  glanders,  pneumobacillus  of  Friedlander,  Bacillus  pyocyaneus, 
the  tubercle  bacillus,  actinomyces,  and  a number  of  other  organisms; 
an  acute  meningitis  of  this  type  occasionally  accompanies  syphilis. 
Meningeal  inflammation  due  to  injury  (traumatic  meningitis)  belongs 
with  this  group;  it  is  clearly  an  infection.  The  so-called  uremic  meningitis 
is  a terminal  infection  and  may  be  due  to  any  organism  present  in  the 
circulating  blood.  As  in  inflammations  of  other  serosae  (p.  455),  the  acute 
forms  are  likely  to  be  suppurative  or  fibrinous,  or  a combination  of  the  two, 
while  in  the  chronic  cases  fibrous  tissue  is  produced,  and  the  inflammation 
is  consequently  spoken  of  as  productive.  In  a certain  proportion  of  cases 
the  membranes  of  the  brain  and  cord  are  affected,  but  more  frequently  the 
inflammation  is  confined  to  those  of  the  cranial  cavity;  rarely  the  diseased 
condition  occurs  in  the  membranes  of  the  cord  only.  There  is  a form  of 
basic  meningitis  largely  restricted  to  the  posterior  fossa  and  called  pos- 
terior basic  meningitis.  Still  believes  that  it  is  specific  and  due  to  a special 
organism  which  he  describes;  Koplik2  has  shown  that  it  may  occur  during 
epidemic  cerebrospinal  meningitis  and  be  due  to  the  Diplococcus  intra- 
cellularis  meningitidis.  In  the  great  majority  of  cases  meningitis  may  be 
looked  upon  as  merely  incidental,  it  being  secondary  to  pathologic  con- 
ditions in  other  parts  of  the  body,  or  due  to  morbific  influences  that  affect 
the  body  as  a whole.  The  exception  to  this  is  the  epidemic  form,  which  is 
an  entirely  separate  and  distinct  disease;  this  variety  will  therefore  be 
considered  independently.  What  we  may  term,  for  convenience,  in- 
cidental meningitis  may  be  divided  into  acute  and  chronic  forms. 

The  acute  form  is  more  common  in  children  than  in  adults.  In- 
vestigations within  recent  years  have  shown  that  in  quite  a number  of  the 
diseases  that  predispose  to  meningitis  the  same  microorganism  is  re- 
sponsible for  both  conditions.  Belonging  to  this  group  are  the  menin- 
geal inflammations  occurring  in  connection  with  general  tuberculosis, 
typhoid  fever,  erysipelas,  pneumonia,  and  bubonic  plague ; it  may  result 
from  septicemia,  whether  this  comes  from  septic  wounds,  septic  puer- 
peral processes,  the  softening  of  clots,  ulcerative  endocarditis,  malignant 

'Weber,  Brain,  Spring,  1902,  p.  145.  Galatts,  Wien.  klin.  Woch.,  1904,  No.  25. 
Southard  and  Roberts,  Jour.  Mental  and  Nervous  Diseases,  Feb.,  1904,  p.  73. 

2 Amer.  Jour.  Med.  Sci.,  Feb.,  1905.  Spiller  and  Allen,  Univ.  Penna.  Med.  Bull, 
March-April,  1907.  Orton,  Amer.  Jour,  of  Insanity,  Oct.,  1908,  No.  2. 
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pustule,  abscesses,  or  other  internal  suppurations.  To  this  list  should 
be  added  septic  processes  in  the  vicinity  of  the  brain,  where  there  is 
extension  of  the  inflammation  into  the  meninges  from  contiguity  of 
tissue,  such  as  wounds  of  the  scalp,  erysipelas  of  the  scalp  or  nasal  cavities, 
glanders,  actinomycosis,  disease  of  the  internal  ear  or  mastoid,  septic 
inflammation  of  the  eyes,  caries  of  the  cranial  bones  or  vertebrae,  and 
abscess  of  the  brain  or  cord. 

Inflammation  of  the  meninges  also  occurs  in  connection  with  such 
diseases  as  measles,  scarlet  fever,  smallpox,  and  sunstroke.  Excessive 
mental  work  is  alleged  sometimes  to  act  as  an  exciting  cause,  but  this  is 
doubtful.  Meningitis  may  also,  of  course,  be  the  result  of  injuries  to  the 
skull.  Lastly,  in  a certain  proportion  of  cases  meningitis  occurs  without 


Fig.  427.  Section  of  Cerebral  Cortex  and  Meninges  from  a Case  op  Suppurative  Meningitis 
^1.  Pia-arachnoid  infiltrated  with  pus-cells.  B.  Normal  brain-substance  beneath. 

antecedent  disease.  When  it  results  as  a complication  of  suppurative 
diseases,  the  same  microorganisms  that  gave  rise  to  the  primary  condi- 
tion are  usually  found  in  the  meninges. 

Morbid  Anatomy. — The  inflammation  may  be  limited  to  some  part,  as 
the  meninges  of  the  base,  or  of  the  convexity  of  the  brain,  especially  if  the 
lesion  be  due  to  sunstroke  or  to  local  adjacent  disease,  and  occasionallv 
these  parts  are  alone  involved,  even  when  the  process  is  the  result  of 
general  conditions.  The  basal  portion,  except  in  tuberculosis,  is  not  com- 
monly the  only  part  affected.  More  frequently,  evidences  of  the  in- 
flammatory process  can  be  seen  over  the  entire  meninges.  In  the  cord 
the  inflammation  is  usually  widespread. 

The  appearance  of  the  membranes  differs  somewhat,  depending  upon 
whether  or  not  the  process  be  of  a suppurative  kind.  In  the  former 
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class  of  cases,  which  usually  follow  suppurative  diseases,  the  membranes 
are  distinctly  reddened,  swollen,  and  opaque;  they  are  bathed  in  a yellow- 
ish-white, yellowish  or  greenish-yellow,  and  sometimes  fetid  pus.  The 
purulent  collections  are  most  numerous  in  the  sulci  of  the  brain,  and  may 
be  seen  around  the  nerve-roots.  The  inflammation  sometimes  spreads 
to  the  dura.  The  external  surface  of  the  brain  is  usually  reddened,  and 
small  areas  of  softening  are  occasionally  seen.  The  lining  of  the  ventricle 
may  also  be  involved  in  the  inflammatory  process— ependymitis ; the  fluid 
is  often  greatly  increased  in  the  ventricles.  In  case  suppuration  does 
not  occur  the  conditions  are  practically  the  same,  with  the  exception  that 
a serous  or  serofibrinous  fluid,  which  may  be  slightly  opaque,  is  present 
instead  of  pus.  On  microscopic  examination  the  vessels  of  the  meninges 
are  found  distended  with  blood,  and  the  affected  tissues  are  infiltrated 
with  lymphoid  cells  and  swollen  connective-tissue  cells;  in  the  suppurative 
variety  multitudes  of  polymorphonuclear  leukocytes  are  also  found.  The 
subjacent  brain  is  usually  infiltrated  with  polymorphonuclear  leukocytes 
and  lymphoid  cells,  and  the  nerve-fibers  frequently  show  evidence  of  de- 
generative change,  and  are  sometimes  invaded  by  leukocytes.  The 
same  changes  are  found  in  the  nerve-roots.  Nerve  degeneration,  which 
will  again  be  referred  to,  and  more  fully  described,  is  evidenced  in  these 
situations  by  necrotic  processes  in  the  white  substance  and  the  formation 
of  irregular  masses  or  droplets,  which  may  or  may  not  be  united  to  one 
another  by  thin  filaments  of  myelin.  A part  of  the  white  substance  under- 
goes a fatty  change. 

Method  for  Demonstrating  Nerve  Degenerations. — This  may  be  done  by 
the  myelin  stains  of  Weigert,  already  referred  to  (p.  876).  A better 
method  is  the  following,  which  was  devised  by  Marchi:1 

Place  the  specimen  in  Muller’s  fluid  (see  Appendix),  or  the  solution  of 
Orth,  and  allow  it  to  remain  eight  days  or  longer.  Remove,  and  cut 
into  slices  not  more  than  3 or  4 mm.  in  thickness.  Put  these  pieces 
into  Marchi’s  mixture  (p.  234);  let  the  tissue  remain  in  this  solution 
for  at  least  six  or  eight  days.  It  is  then  removed,  passed  quickly 
through  alcohol,  and  alcohol  and  ether,  and  is  embedded  in  celloidin 
(see  Appendix).  Examine  the  sections  without  staining.  The  fat  in 
the  degenerated  nerves  is  stained  black,  while  the  normal  nerves  remain 
nearly  colorless.  This  method  depends  on  the  fact  that  normal  myelin, 
after  remaining  in  Muller’s  solution  eight  or  ten  days,  loses  the  property 
of  being  blackened  by  osmic  acid,  while  any  fat  resulting  from  degenera- 
tion still  retains  this  quality. 

In  some  cases  of  meningitis  the  effusion  is  circumscribed  by  adhesions 
leading  to  retention  of  the  fluid  and  pressure  upon  the  brain  or  cord. 
When  the  fluid  accumulation  persists  and  increases  slowly,  the  condition 
is  called  circumscribed  serous  meningitis.2  The  cause  is  often  obscure; 
in  Axhausen’s  patient  there  was  a history  of  injury.  The  symptoms  are 
those  of  tumor,  and  the  changes  resulting  are  largely  due  to  pressure.  At 
operation  or  at  autopsy  the  exposed  dura  bulges,  the  contained  fluid 

1 For  discussion  of  artefacts  produced  by  the  Marchi  method  see  Stransky, 
Neurolog.  Centralbl.,  July  16,  1903,  p.  658.  Meyer,  Centralbl.  f.  Nervenheil.  u. 
Psych.,  July,  1903,  vol.  xiv,  No.  7. 

2 Mendel  and  Adler,  Berl.  klin.  Woch.,  No.  35,  1908.  Axhausen,  Berl.  klin. 
Woch.,  Feb.  1,  1909.  Raymond  and  Claude,  Sem.  Med.,  Dec.  8,  1909.  Oppenheim 
dnd  Borchardt,  Deut.  med.  Woch.,  Jan.  13,  1910,  p.  57.  Munro,  Surg.,  Gynecol., 
and  Obstet.,  March,  1910,  p.  235.  Leopold,  Univ.  Penna.  Med.  Bull.,  Sept.,  1910. 
Potts,  Jour.  Nerv.  and  Ment.  Dis.,  Oct.,  1910,  No.  10. 
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is  often  under  manifest  pressure  and  spurts  when  the  sac  is  opened. 
In  most  of  the  cases  examined  no  bacteria  have  been  found  although  it  is 
not  improbable  that  organisms  were  present  in  the  earlier  stages  of  the 
process. 

The  term  meningismus1  has  been  applied  to  a condition  in  which  the 
clinical  symptoms  all  point  to  meningitis  and  the  autopsy  discloses  no 
evidence  of  meningeal  inflammation.  In  some  of  these  cases  bacteria 
which  ordinarily  give  rise  to  inflammation  are  present.  It  is  believed 
that  the  irritation  produced  by  the  bacterial  toxins  induces  clinical  phe- 
nomena without  at  the  same  time  giving  rise  to  exudation.  The  condi- 
tion has  been  observed  in  typhoid  fever,  pneumonia,  erysipelas,  and  in 
epidemic  cerebrospinal  meningitis.  In  some  cases  the  microorganisms 
have  been  obtained  by  spinal  puncture  during  life,  and  in  other  instances 
they  have  been  demonstrated  postmortem.  Birnbaum  calls  this  peculiar 
manifestation  meningeal  sepsis  without  lesions. 

In  tuberculous  meningitis2  the  inflammatory  phenomena  vary  with 
the  number  of  tubercles  and  the  resistance  offered  by  the  tissue  to  the 
development  of  the  process.  Occasionally,  only  a few  small  nodules  are 
found — generally  in  the  basal  meninges  or  in  the  fissure  of  Sylvius.  Under 
these  circumstances  there  is  no  inflammation  worth  mentioning.  In 
rare  instances  localized  collections  of  such  tubercles  are  present  on  the 
convexity  of  the  brain,  just  in  front  of  the  fissure  of  Rolando;  this  variety 
of  tuberculosis  is  called  meningitis  en  plaque.  Sometimes  the  tuberculous 
form  is  quite  acute,  and  proves  fatal  in  a few  weeks;  the  exudate  in  these 
cases  often  possesses  a peculiar  jelly-like  appearance.  The  inflammatory 
phenomena  are,  however,  rarely  so  marked  as  in  the  suppurative  forms; 
often,  in  this  type,  distinct  tubercles  are  not  formed,  or,  if  so,  they  are 
very  minute.  On  microscopic  examination  the  appearance  is  much  like 
that  of  nonsuppurative  meningitis.  There  are,  however,  more  marked 
changes  in  the  small  blood/- vessels  than  are  usually  found  in  the  ordinary 
inflammations.  The  adventitias,  of  the  small  arteries  especially,  are  in  a 
large  degree  replaced  by  lymphoid  and  plasma  cells,  and  a like  condition 
of  the  intimae  is  frequently  found.  A peculiar  change  in  some  of  the 
vessels  is  that  their  intimae  are  pushed  inward  some  distance  from  the 
muscular  coats,  and  the  space  thus  produced  is  filled  with  fluids  and 
a few  lymphoid  cells.  This  condition  has  also  been  noted  by  Ohlmacher 
in  meningitis  due  to  the  typhoid  bacillus.  The  collections  of  cells  around 
the  blood-vessels  are  beginning  tubercles  (submiliary  tubercles)  s for 
bacilli  may  be  detected  within  them,  and  occasionally  a giant  cell  is  seen. 
In  chronic  cases  well-formed  tubercles  with  caseous  centers  are  encount- 
ered. If  the  inflammatory  process  encroaches  on  the  nervous  tissues 
beneath,  more  or  less  degeneration  results,  and  the  parts  are  infiltrated  with 
lymphoid  cells.  Weill  and  Pehu3  believe  that  tuberculous  meningitis  is 

1 Birnbaum,  Munch,  med.  Woch.,  July  21,  1903.  Staubi,  Deut.  Arch.  f.  klin. 
Med.,  vol.  lxxxii,  Nos.  1 and  2.  Jackson,  Jour.  Amer.  Med.  Assoc.,  March  30,  1970, 
p.  1078.  Porter,  Arch,  of  Pediatrics,  Jan.,  1910.  Menetrier  and  Mallet,  Bull,  et 
mem.  de  la  Soc.  med.  des  Hop.,  Jan.  21,  1909,  p.  15. 

Robinson,  Bull.  Ayer  Clin.  Lab.,  No.  4,  1907.  Siredey  and  Tinel,  La  Clin. 
Infant.,  May,  1907,  No.  9,  p.  269.  Rautberd,  Inaug.  Diss.,  Basel,  1908.  Goujoux 
and  Jusephovitch,  Ann.  de  med.  et  de  chir.  infantiles,  April,  1909.  Allaria,  La 
Pediatria,  May,  1909.  Jaquet,  Deut.  med.  Woch.,  March  10,  1910. 

3 Lyon  Med.,  Aug.  9,  1903,  p.  228.  For  discussion  of  the  histologic  changes 
of  tuberculous  meningitis  see  Diamond,  Trans.  Chicago  Path.  Soc.,  May  13,  1901. 
Also  Armand-Delille,  Role  des  Poison  du  Bacille  de  Koch  dans  la  Meningite"  Tuber- 
culeuse  et  la  Tuberculose  des  Centres  Nerveux,  Paris,  1904. 
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never  primary;  of  the  sixty-eight  cases  which  they  studied  at  autopsy 
there  was  a notable  adenopathy  (tuberculous)  in  sixty-one,  and  in  the 
other  seven  manifest  tuberculous  lesions  in  other  parts  of  the  body  were 
present.  In  only  ten  cases  did  the  viscera  escape. 

Syphilis  of  the  Meninges.1 — Gummata  are 
sometimes  found  in  the  pia-arachnoid;  they 
occur  as  flattened,  pinkish,  or  grayish  nodules, 
which  on  section  are  often  found  to  contain 
disintegrated  tissue  in  which  caseous  material 
is  frequently  present.  Around  these  nodules 
there  is  always  a considerable  increase  in  the 
amount  of  fibrous  tissue,  and  the  blood-vessels 
show  evidence  of  obliterative  endarteritis. 

A general  and  more  acute  syphilitic  inflam- 
mation of  the  meninges  of  both  the  brain  and 
cord  is  sometimes  encountered.  The  appear- 
ance of  the  meninges  is  much  the  same  as  in 
the  acute  tuberculous  form,  and  on  micro- 
scopic examination  but  little  difference  is 
found  in  the  histology  of  the  two  processes; 
however,  evidence  of  obliterative  endarteritis 
in  the  syphilitic  form  is  usually  present  and 
the  peculiar  giant  cells  of  tuberculosis  are 
absent.  Syphilis  sometimes  produces  a 
chronic  infantile  meningitis,  in  which  the 
membranes  are  opaque,  thickened,  and  infil- 
trated with  lymphoid  cells. 

Chronic  alcoholic  meningitis  results,  as 
the  name  indicates,  from  the  prolonged  and 
excessive  indulgence  in  alcoholic  beverages. 

The  meninges  of  the  cerebral  convexities  are 


Fig.  428. — Spinal  Cord  and  Meninges. 

Transverse  section  showing  distribution  of  the  exudates  in  menin- 
gitis. A.  Dura.  B.  Position  of  exudate  in  external  pachy- 
meningitis. C.  Exudate  in  leptomeningitis. 


Fig.  429.— Part  of  Spinal  Cord  and 
Meninges,  Dura  Laid  Open  on 
Posterior  Surface;  Case  of  Epi- 
demic Cerebrospinal  Meningitis. 

The  cord  and  nerve-roots  are  covered 
by  a thick  seropurulent  and  fibrinous 
exudate,  which,  as  the  pia-arachnoid 
are  more  involved  than  the  dura,  is 
closely  adherent  to  the  cord. 


chiefly  affected.  The  process  is  never  very  marked.  The  meninges  are 
slightly  opaque  and  thickened,  especially  over  the  sulci,  and  along  the 
sides  of  some  of  the  vessels  there  may  be  streaks  of  lymph.  The  micro- 
scopic appearances  are  those  of  nonsuppurative  meningitis,  though  the 
inflammatory  phenomena  are  less  marked.  Chronic  inflammatory  con- 

1 Hirschl,  Wien.  klin.  Woch.,  April  28,  1904,  p.  465.  Schaffer,  Neurolog. 
Centralbl.,  Nov.  16,  1904,  p.  1026.  Vincent,  These  de  Paris,  Feb.  17,  1910. 
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ditions  of  the  meninges  may  also  result  from  the  pressure  of  tumors, 
foreign  bodies,  etc. 

Cerebrospinal  meningitis1  is  an  acute  infectious  disease,  generally  occur- 
ring in  epidemics,  and  due  to  the  Diplococcus  intracellularis  meningitidis 
(p.  82),  also  called  the  meningococcus.  Although  communicable,  there 
has  been  considerable  doubt  as  to  the  route  by  which  infection  occurred. 
It  has  generally  been  held  that  the  meningeal  lesion  is  due  to  hematog- 
enous dissemination  of  the  organism.  The  studies  of  Maragliano  indicate 
that  the  meningococcus  enters  the  cranial  cavity  from  the  nasal  fossa. 
Mandoul  and  others  have  succeeded  in  cultivating  an  organism,  believed 
to  be  the  meningococcus,  from  the  nasal  mucus  in  cases  of  meningitis, 
and  also  in  healthy  individuals  who  have  been  in  contact  with  possible 
sources  of  infection.  Though  not  limited  to  any  age,  the  disease  is  most 
frequent  in  individuals  under  twenty  years,  and  is  especially  common  dur- 
ing childhood  and  adolescence. 

Morbid  Anatomy. — In  those  case  in  which  death  occurs  within  twenty- 
four  hours  the  meninges  are  merely  reddened;  on  microscopic  examination 
a few  lymphoid  cells  may  be  found  in  the  vicinity  of  the  vessels,  and  here 
and  there  small  hemorrhages  into  the  tissues  are  observed.  Later  the 
membranes  are  intensely  injected,  and  are  covered  by  purulent,  sero- 
purulent,  and  fibrinopurulent  exudations.  In  more  advanced  cases  the 
membranes  sometimes  present  the  peculiar  jelly-like  appearance  commonly 
observed  in  tuberculous  meningitis;  this  is  due  to  the  exudate  becoming 
more  fibrinous  in  character.  The  lesions  are  most  marked  at  the  base  of 
the  brain  and  along  the  posterior  portion  of  the  cord;  nevertheless,  all 
parts  may  be  affected.  On  the  cerebral  convexities  there  is  usually 
more  exudate  in  the  vicinity  of  the  fissure  of  Rolando  than  elsewhere. 
On  microscopic  examination  the  meninges  are  found  greatly  swollen, 
containing  many  multinuclear  leukocytes  and  enlarged  connective-tissue 
cells;  fibrin  is  also  present.  The  blood-vessels  are  often  thrombosed; 
around  some  of  the  vessels  a few  lymphoid  cells  are  occasionally  present. 
A\  ithin  the  pus-cells  many  of  the  specific  microorganisms  are  found. 
Councilman  recommends  the  following  method  for  demonstrating  them : 
Stain  sections  of  tissues,  which  have  been  fixed  in  corrosive  sublimate 
(see  Appendix)  in  a saturated  solution  of  eosin  in  water,  for  an  hour. 
Wash  in  water,  stain  one  or  two  hours  in  Unna’s  alkaline  methvlene-blue 
(see  Appendix),  diluted  nine  times  with  water.  Wash  with  water.  De- 
hydrate in  absolute  alcohol,  clear  in  xylol,  and  mount  in  xylol-balsam. 
The  bacteria  and  the  nuclei  are  stained  blue,  while  the  tissues  in  general 
are  reddish. 

In  the  chronic  cases  the  exudation  is  much  less  in  amount,  being  con- 
fined to  small  areas,  and  consisting  of  degenerated  pus-cells  and  granular 
detritus.  The  chronicity  of  the  process  results  in  the  meninges  becoming 
much  thickened,  from  the  formation  of  new  fibrous  tissue.  In  this  tissue 
lymphoid  and  plasma  cells  are  found. 

In  the  brain  and  cord  the  vessels  are  injected,  and  the  substance  of 
both  of  these  viscera  is  somewhat  softened  and  edematous.  Punctiform 
hemorrhages  are  occasionally  seen.  Both  the  cranial  and  spinal  nerves 
are  swollen,  reddened,  and  often  infiltrated  with  leukocytes. 

Microscopic  examination  of  the  brain  and  cord  shows  the  blood- 
vessels engorged  with  blood;  the  endothelial  cells  are  swollen  and  in- 
creased in  number,  and  mitotic  figures  are  frequently  observed.  The 
1 Elser  and  Huntoon,  Jour.  Med.  Research,  June,  1909,  107  ref. 
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lesions  in  the  brain-substance  are  generally  not  found  below  the  molec- 
ular layer,  though  occasionally  they  extend  much  deeper — even  entirely 
through  the  gray  matter.  The  nervous  tissues  are  more  or  less  infil- 
trated with  pus-cells,  and  the  neuroglia  cells  become  swollen  and  mul- 
tiply. The  nerve  cells  are  seen  in  all  stages  of  degeneration,  from  slight 
irregularities  in  the  chromophilic  substance  to  its  complete  disappear- 
ance, and  the  final  necrosis  and  disintegration  of  the  entire  cell  (Toluidin- 
blue  or  Nissl’s  method,  see  p.  874).  These  changes  are  not  so  marked 
in  the  cord  as  in  the  brain.  Many  of  the  nerve-fibers  in  the  brain,  cord, 
and  nerve-roots  show  degenerative  changes,  demonstrable  by  the  methods 
of  Marchi  or  Weigert.  (See  pp.  892,  876.) 

Tumors  of  the  Pia-arachnoid. — Sarcomata,  either  of  the  ordinary 
types  or  endotheliomata — especially  the  latter — are  the  most  common 
of  the  new  growths  found  in  the  meninges.  They  form  round  or  flattened, 
soft,  grayish  or  grayish-red  tumors,  which  spread  along  the  meninges  and 
penetrate  the  brain-substance  by  means  of  the  fibrous  bands  projected 
inward  from  the  pia.  Microscopically,  they  show  the  usual  peculiarities 
of  sarcoma  or  endothelioma.  They  occasionally  occur  as  angiosarcoma, 
myxosarcoma,  or  angiomyxosarcoma;  very  rarely  they  are  pigmented. 

Rarer  forms  of  tumors  of  the  meninges  are  myomata,  fibromata,  lipomata, 
chondromata,  osteomata,  and  teratomata.  Secondary  sarcomata  and  epi- 
theliomata  may  also  occur.  Dermoid  cysts  are  sometimes  found.  Cysts 
produced  by  echinococci  and  cysticerci  are  occasionally  encountered. 


THE  BRAIN. 

Circulatory  Disturbances. — Anemia  of  the  brain  occurs  as  a result  of 
general  anemia,  whether  the  latter  be  symptomatic  or  essential.  Any 
condition  causing  cerebral  or  meningeal  edema  lessens  the  amount  of 
blood  contained  within  the  cranial  cavity.  Tumors  and  collections  of 
fluid  in  the  brain  may  also  increase  cerebral  tension  and  proportionately 
lessen  the  blood-supply.  When  the  blood-pressure  suddenly  falls,  as 
in  shock,  fainting,  and  allied  conditions,  blood-distribution  is  altered 
and  the  brain  receives  less  than  its  normal  quantity.  Cerebral  anemia 
also  results  from  the  exhaustion  following  acute  febrile  diseases,  and  in 
this  form  is  commonly  due  to  cardiac  weakness.  Local  cerebral  anemia 
may  be  due  to  thrombosis,  embolism,  or  obliterative  disease  of  one  or 
more  arteries,  and  may  be  sufficient  to  cause  atrophy  or  necrosis  of  the 
area  supplied  by  the  affected  vessels.  Tumors,  cysts,  meningeal  hem- 
orrhages, and  inflammatory  exudates  that  locally  increase  the  pressure, 
proportionately  diminish  the  amount  of  blood  in  the  contiguous  brain 
tissue  upon  which  pressure  is  made.  The  studies  of  Crile1  and  his  cowork- 
ers have  shown  that  the  resistance  of  the  brain  to  anemia  varies  in  different 
parts  of  the  organ.  He  concludes  that  the  respiratory  center  may  survive 
an  anemia  from  thirty  to  fifty  minutes;  vasomotor  and  cardiac  centers 
about  thirty  minutes;  the  spinal  cord  and  motor  cortex  approximately 
ten  minutes,  and  the  structures  presiding  over  consciousness,  the  intellect 
and  the  psychic  state  six  to  seven  minutes.  Russell2  suggests  that  inter- 

1 Amer.  Jour.  Med.  Sci.,  Apri',  1909.  Also  Guthrie  and  Stewart,  Amer.  Jour. 
Physiol.,  April  1,  1908.  Doiley  and  Crile,  Jour.  Med.  Research,  April,  19  09.  Dolley, 
Jour.  Med.  Research,  July,  1909. 

2 Brit.  Med.  Jour.,  Oct.  16,  1909. 
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! mittent  closing  of  the  cerebral  arteries,  and  consequent  temporary  anemia 
may  give  rise  to  transient  or  permanent  paralysis. 

Morbid  Anatomy. — The  only  macroscopic  evidence  of  general  cerebral 
anemia  is  the  pallor  of  the  brain-substance.  Microscopically,  the  smaller 
vessels  contain  but  little  blood;  their  walls  may  be  thickened  and  hyaline. 

• i^rr^an^on  °ften  contain  vacuoles,  the  tigroid  substance  stains 
indifferently  or  is  fragmented  (tigrolysis),  and  in  advanced  cases  nuclear 
changes  are  present.  In  persisting  complete  local  anemia  the  structural 
alterations  are  commonly  more  intense  and  will  be  further  discussed  when 
considering  softening. 

Active  hyperemia  of  the  brain  may  be  the  result  of  over-action  of  the 
heart  or  of  dilatation  of  the  capillaries  of  the  brain  as  a result  of  vaso- 
motor  disturbance;  a sudden  contraction  of  the  arterioles  of  other  parts 
of  the  body  may  also  produce  it.  The  hyperemia  is  local  when  a large 
branch  of  an  artery  becomes  suddenly  obstructed  and  more  blood  is  ad- 
mitted through  the  neighboring  branches.  The  brain  is  actively  con- 
gested m the  beginning  of  inflammatory  conditions,  such,  for  example, 
as  arise  from  sunstroke;  in  the  earlier  stages  of  acute  meningitis  the 
blood-vessels  of  the  brain-substance  are  usually  intensely  distended. 

Morbid  Anatomy.  The  brain  usually  exhibits  more  or  less  redness 
on  examination,  but  attention  should  again  be  called  to  the  fact  that  the 
presence  or  absence  of  unusual  quantities  of  blood  in  the  brain  or  its 
meninges  is  to  be  regarded  as  furnishing  anything  but  reliable  evidence 
as  to  the  condition  preceding  death,  as  the  position  in  which  the  cadaver 
nas  been  allowed  to  remain  affects  very  greatly  the  quantity  of  blood  in 
an\  particular  part.  If,  however,  the  hyperemia  be  due  to  inflammation 
tne  area  involved  always  shows  some  redness,  especially  if  the  condition 
be  at  all  advanced  On  microscopic  examination  the  vessels  are  some- 
lmes  found  distended  with  blood,  and,  if  beginning  inflammation  be 
present,  the  usual  evidences  in  the  surrounding  tissue  will  be  apparent 
Passive  hyperemia  of  the  brain  results  from  thrombosis  of  the  larger 
venous  sinuses,  or  pressure  upon  them  by  tumors,  cysts,  extravasations 
and  exudations;  pressure  on  the  superior  vena  cava  or  the  innominate 
vein  or  thrombosis  of  these  vessels,  may  also  occasion  it.  Congestion  of 
is  \ pe  also  occurs  in  those  diseases  of  the  heart  causing  distention  of 
the  venous  system.  It  is  also  observed,  to  a limited  extent,  during 
'violent  muscular  efforts,  and  is  frequently  marked  when  death  has 
resulted  from  suffocation. 

Morbid  Anatomy.— The  remarks  made  concerning  the  anatomic 
appearances  m active  hyperemia  apply  equally  well  to  the  condition 
under  consideration.  Microscopically,  the  veins  are  usually  dilated 
and  they  not  infrequently  rupture;  in  long-standing  cases  blood-pigment 
is  sometimes  present  m the  walls  of  the  cerebral  vessels.  Edema  of  the 
bram  may  result  from  either  variety  of  hyperemia,  but  always  occurs 
if  the  passive  form  persists  for  any  length  of  time.  In  this  condition  the 
arachnoid  spaces  are  dilated. 

General  Pathology  of  the  Ganglion  Cells.1— Before  considering  those 

1 Marinesco,  La  Presse  Med.,  Aug.  26,  1903.  Spiller,  Jour.  Med.  Research 

ill  mm9°T7’  P'  14 t'  Bailey’  N'  Y'  Med-  Jour-’  JulY  l6>  1904,  p.  IOO.  Odier,  Arch’ 

M vl  ^Pei>  P'  451‘  Laignel-Lavastine  and  Voisin,  Arch.  Gen.  de 

■ , a Anat  March,  1904,  p.  206.  Weber,  Lubarsch  and  Ostertae’s  Erpob- 

nisse  der  allg.  Path.  u.  path.  Anat.,  Neunter  Jahref  I Ab  1003  n oto  A ^ + 
and  Bellot,  Comp.  Rend,  de  la  Soc.  ’de  Bioff  C5  p V 3’  MlriSesco 
Neurol.,  x,  ,9oS.  No.  and  Sem.  Med.,  MarfhL?,  Wcarth^ 
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changes  in  the  brain  terminating  in  the  formation  of  gross  lesions  of  its 
substance  it  may  be  well  to  call  attention  to  certain  alterations  in  the 
ganglion  cells  that  result  from  a large  number  of  different  morbific  in- 
fluences. These  changes  are,  for  the  most  part,  of  such  a delicate  char- 
acter that  they  were  not  recognized  by  the  older  methods  of  research, 
and,  hence,  their  very  existence  was  not  suspected  until  within  the  last 
few  years.  The  exact  nature  of  the  morphologic  and  tinctorial  alterations 
is  not  clearly  understood.  They  have  been  regarded  as  parenchymatous 
inflammations,  occurring,  as  they  sometimes  do,  simultaneously  with  in- 
flammatory conditions  of  the  surrounding  tissue;  but  as  they  have  been 
observed  in  a large  number  of  conditions,  clearly  not  inflammatory,  it  is 
very  doubtful  if  they  should  be  so  considered.  All  these  facts  go  to  show 
that  they  are  an  invariable  result  of  all  influences,  whatever  their  char- 
acter, that  act  on  the  body  in  an  injurious  manner,  and  it  would  therefore 
seem  much  more  logical  to  class  them  with  the  degenerations,  or  possibly 
beginning  necroses;  it  is  clear  that  they  have  to  do  with  the  cell  chemistry. 
Moreover,  there  is  nothing  in  the  peculiar  character  of  the  changes  that 
could  stamp  them  as  being  of  an  inflammatory  nature. 

Among  the  most  interesting  of  the  more  delicate  alterations  that 
have  been  observed  in  ganglion  cells  are  those  described  by  Hodge  as 
occurring  in  the  ganglia  and  central  nervous  systems  of  animals  as  the 
result  of  long-continued  electric  stimulation,  and  also  extreme  fatigue. 
The  following  well-defined  changes  in  the  nerve-cells  were  observed:  (i) 
Nucleus:  Marked  decrease  in  size.  Change  from  smooth  and  rounded  to 
a jagged  irregular  outline.  Loss  of  open  reticular  appearance,  with  dark 
stains.  (2)  Cell  protoplasm:  Slight  retraction  in  size  with  vacuolation 

for  spinal  ganglia;  considerable  shrinkage  with  enlargement  of  peri- 
cellular lymph-spaces  for  cells  of  cerebrum  and  cerebellum.  Lessened 
power  to  stain  or  to  reduce  osmic  acid.  (3)  For  cell-capsule,  when  present: 
Decrease  in  size  of  nuclei.  (4)  Cells  recover  their  normal  condition  if 
allowed  to  rest,  but  the  process  is  slow.  These  changes  would  seem  to 
have  a bearing  on  those  neurasthenic  states  following  worry  and  long- 
continued  and  unremitting  attention  to  the  details  of  business. 

More  pronounced  changes  occur  in  the  various  intoxications,  in  the 
acute  diseases,  and  accompanying  the  various  brain  affections.  Berkeley 
has  shown  that  more  or  less  well-defined  alterations  are  produced  in  the 
ganglion  cells  of  the  central  nervous  system  of  animals,  and  even  more 
pronounced  changes  in  the  dendrites  and  gemmulae  of  these  cells,  as  the 
result  of  serum-poisoning  and  ricin-poisoning,  and  from  the  adminis- 
tration of  alcohol. 

Most  marked  changes  in  the  chromophilic  substance  (toluidin-blue 
method)  of  the  nerve-cells  have  been  observed  in  a large  number  of 
different  conditions  in  man,  such  as  acute  alcoholism,  sunstroke,  pyrexia 
and  especially  hyperpyrexia,  eclampsia,  diabetes,  uremic  conditions,  the 
anemias,  all  the  infectious  diseases,  and  in  many  auto-intoxications. 
In  amaurotic  family  idiocy  Sachs  and  Strauss  have  noted  swelling  of 
ganglion  cells,  loss  of  tigroid  substance,  red  staining  by  scarlet  R.  in- 
dicating a fat  or  lipoid  reaction,  shrinking  of  the  nucleus  and  scanty 

Univ.  Penna.  Med.  Bull.,  March-April,  1007.  Amato,  Virch.  Arch.,  Bd.  cxcv.,  H. 
3,  1909,  p.  544.  Dolley  and  Crile,  Jour.  Med.  Research,  April,  1909,  p.  275.  Berk- 
ley. Johns  Hopkins  Hosp.  Bull.,  May,  1909.  Dolley,  Amer.  Jour,  of  Physiol., 
vol.  xxv,  No.  3,  1909.  Sachs  and  Strauss,  Jour.  Exper.  Med.,  vol.  xii,  No.  5, 
1910.  Dolley,  Jour.  Med.  Research,  April,  1910,  and  April,  1911. 
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chromatin ; the  dendrites  are  swollen  and  in  these  structures  the  fibrillae 
persist  although  they  disappear  from  the  cell  body.  McCarthy  and  others 
have  described  changes  in  the  chromatin  and  tigroid  in  arteriosclerosis 
involving  the  cerebral  vessels  and  the  nutrition  of  the  brain  and  cord. 
The  studies  of  Hodge,  Dolley,  and  others  have  shown  the  great  importance 
of  an  adjustment  of  neurocytological  work  to  the  nutrition  of  the  cell. 
If  a nerve  cell,  is  called  upon  for  work  not  beyond  its  resources  restora- 
tion of  energy  is  equal  to  the  consumption.  If  on  the  other  hand  the  cell 
be  overworked  it  becomes  exhausted — a well-known  clinical  fact — and 
the  greater  the  stress  the  more  intense  the  evidences  of  exhaustion.  A 
nerve  cell  under  the  influence  of,  or  recovering  from  the  action  of  such 
toxic  bodies  as  those  accompanying  fevers,  infections,  and  other  intoxi- 
cations, is  at  great  disadvantage ; the  conversion  of  supplied  food  to  energy 
and  tha,t  nice  adjustment  between  intake  and  output,  so  necessary  for 
the  .maintenance  of  physiologic  integrity,  becomes  difficult  if  not  im- 
possible and  particularly  trying  to  the  cell  resources  are  work  and  re- 
habilitation. To  the  cell  already  exhausted  or  damaged  work  must  be 
cautiously  approached,  a little  more  than  a little  may  be  much  too 
much. 

The  change  most  frequently  observed  is  fragmentation  of  the  chromo- 
philic  masses  of  the  cells  (tigrolysis),  giving  them  the  appearance  of  being 
smaller  and  more  numerous  than  usual;  if  the  disease-producing  cause 
be  severe,  or  if  it  continues  to  act,  these  bodies  partly  or  completely 
disappear.  In  rare  instances  the  bodies  unite  with  each  other,  forming 
collections  of  chromophilic  substance  much  larger  than  normal;  all  the 
tigroid  may  unite,  in  which  case  the  entire  cell  is  stained  almost  uni- 
formly. In  all  these  conditions  the  quantity  of  pigment  around  the 
nucleus,  if  it  existed  primarily,  may  be  greatly  increased,  or,  if  none  is 
present,  considerable  quantities  may  form.  The  peculiarities  of  these 
pigment  particles  were  referred  to  in  describing  the  histology  of  ganglion 
cells.  (See  p.  873.)  When  the  degeneration  is  pronounced,  the  nuclei 
manifest  a tendency  to  pass  from  the  center  of  the  cell  to  its  peripherv, 
and  it  has  even  been  asserted  that  they  may  be  partly  or  completely 
extruded  from  the.  protoplasm.  Simultaneously,  the  nuclei  often  show  a 
tendency  to  mitotic  division,  or  they  swell,  and  several  vacuoles  appear 
within  a single  nucleus;  and  finally  the  nuclear  outlines  become  indis- 
tinct or  disappear,  the  nucleolus  is  no  longer  visible,  the  scanty 
chromatin  . fragments  (chromatolysis),  the  cell  disintegrates  (a  form 
of  cytolysis),  and  at  last  disappears,  often  a prey  of  phagocytic 
leukocytes.  1 J 

In  sections  stained  by  the  toluidin-blue  method  (p.  875)  the  processes 
and  a.xis-cylinders  of  cells  in  severely  diseased  areas  often  appear  broken 
off,  giving  the  cell  a smooth,  rounded  contour. 

Changes  in  the  Dendrites,  Gemmulae,  and  Neurofibrils. — Unfortunate!  v 
the  method  of  Golgi  (p.  873)  does  not  yield  sufficiently  constant  results 
to  be.  trustworthy  m studying  the  degenerative  and  necrotic  changes 
affecting  such  appendages  of  the  ganglion  cell  as  the  dendrites,  gem- 
mulae, and  cylinder  processes.  So  far,  however,  as  these  studies  have 
been  extended  they  show  that  the  structures  mentioned  participate  in 
the  alterations  occurring  in  the  body  of  the  cell.  The  protoplasmic  proc- 
esses are  often  varicose,  the  gemmulae  scanty  or  absent,  and  some- 
tmies  fragmented.  The  neurofibril  impregnation  methods  (p.  87  A offer 
sufficiently  constant  results  to  be  of  value  in  identifying  the  nature  of 
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finer  changes1  occurring  in  the  ganglion  cells  and  their  processes.  Mari- 
nesco  has  been  able  to  confirm  Cajal’s  observation  that  in  tetanus  and 
rabies  the  intracellular  fibrils  are  often  swollen  or  fragmented  and  in 
advanced  cases  are  no  longer  demonstrable.  In  infectious  diseases  and 
other  conditions  in  which  changes  occur  in  the  tigroid  substance  of 
Nissl,  analogous  alterations  are  found  in  the  fibrils.  In  various  forms  of 
insanity  the  neurofibrils  are  altered,  although  Dagonet  has  shown  that 
in  general  paralysis  many  of  the  fibrils  persist.  Numerous  studies  have 
shown  that  in  mental  disease  irregular  granularity  and  fragmentation 
of  the  intracellular  fibrils  may  be  present;  no  characteristic  or  constant 
change  has  been  established.  Under  the  name  neuronophagia  has  been 
described  a condition  characterized  by  accumulations  of  cells,  leukocytic 
or  neuroglia,  which  encroach  upon  and  replace  the  ganglion  cells.  Mar- 
inesco  has  objected  to  the  term  neurophagia;  his  attitude  seems  commend- 
able. The  process  is  not  identical  with  phagocytosis  as  the  name  might 
imply.  Such  accumulations  have  been  noted  particularly  in  rabies,  and 
are  thought  by  some  to  be  pathognomonic  of  that  disease.  In  this 
affection  the  changes  seen,  especially  in  the  intervertebral  ganglia,  con- 
sist of  atrophy  of  the  nerve-cells,  and  proliferation  of  the  capsular  en- 
dothelium, giving  rise  to  round  cells  that  eventually  fill  the  space  pre- 
viously occupied  by  the  ganglion  cell.  In  addition  to  the  pericellular 
infiltration  the  vessels  of  the  central  nervous  system  are  usually  found 
distended,  mononuclear  cell  elements  accumulate  around  the  numerous 
ganglion  cells,  forming  small  masses  which  have  been  designated  “rabic 
tubercles.”  With  regard  to  the  etiology  of  rabies2  we  are  still  in  doubt, 
although  the  infectious  nature  of  the  disease  has  been  clearly  established; 
Negri  has  recently  described  an  organism,  thought  to  be  of  a protozoan 
nature,  which  he  believes  to  be  the  cause. 

Postmortem  Changes  in  Nerve-cells. — It  should  not  be  forgotten  that  in 
bodies  that  have  undergone  postmortem  change  the  nerve-cells  exhibit 
alterations  closely  resembling  those  produced  by  disease.  But  at  ordinary 
temperatures  abnormal  conditions  will  not  be,  as  a rule,  at  all  marked 
during  the  first  twenty-four  hours  following  death ; if  the  body  be  frozen, 
changes  may  not  occur  even  after  many  days.  The  alterations  consist 
in  a swelling  of  the  cells,  followed  by  the  gradual  loss  in  staining  power  of 
the  chromophilic  (tigroid)  bodies  and  the  appearance  in  the  protoplasm  of 
large  vacuoles;  the  protoplasmic  processes  often  fragment  and  the  cell 
assumes  an  irregular  outline.  The  nucleus  swells  also,  and  its  outlines 
become  blurred,  and  it  may  be  dislodged  and  pass  to  one  end  of  the  cell;  at  a 
later  period  it  entirely  disappears.  The  nucleolus,  last  of  all,  swells,  dis- 
integrates, loses  in  tingibility,  and  finally  disappears. 

Secondary  Degeneration  of  Fibers.3 — Over  a half  century  ago  Waller 

1 Marchand,  C.  R.  Soc.  Biol.,  1904,  tome  lvii,  p.  251.  Dagonet,  C.  R.  Soc. 
Biol.,  1904,  tome  lvii,  p.  298.  Marinesco,  C.  R.  Soc.  Biol.,  1904,  tome  lvii,  p.  407, 
July  9,  1904,  p.  62,  and  March  25,  1905;  also  Revue  Neurolog.,  May  15,  1904,  p. 
405,  and  Aug.  15,  1904,  p.  813.  Bayon,  Centralbl.  f.  allg.  Path.  u.  path.  Anat., 

1905,  Bd.  xvi.  Price,  Amer.  Med.,  June,  1906,  p.  141. 

2 Abba  and  Bormans,  Ann.  de  l’lnst  Pasteur,  Jan.,  1905.  Williams  and  Lowden, 
Collected  Studies  from  the  Research  Lab.  Dept,  of  Health,  N.  Y.  City,  vol.  II, 

1906.  Paltauf,  Wien.  klin.  Woch.,  Bd.  xxii,  July  22,  1909,  p.  1023.  Marinesco, 
C.  R.  Soc.  Biol.  t.  lxvi,  1909,  p.  646.  Fermi,  Centralbl.  f.  Bakt.,  Bd.  1,  H.  4,  1909, 
p.  438.  Stimson,  Hygienic  Lab.  Bull.  No.  65,  June,  1910. 

! Halliburton,  Lancet,  June  22,  1901.  Ballance  and  Stewart,  the  Healing 
of  Nerves,  1901.  Bowlby,  Lancet,  July  26,  1902.  Oberthur  and  Monseaux, 
Rev.  Neurolog.,  Aug.  31,  1902,  p.  812.  Moyer,  Jour.  Amer.  Med.  Assoc.,  Oct.  25, 
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demonstrated  that  if  a nerve  be  divided,  the  part  distal  to  the  cell  from 
which  the  fiber  receives  its  impulses,  degenerates;  this  process  is  called 
Wallerian  degeneration  and  is  of  the  greatest  importance  in  the  study 
and  comprehension  of  degenerative  lesions  affecting  the  fibers  of  the 
central  and  peripheral  nervous  system.  If  the  cells  in  the  motor  cortex 
be  destroyed,  a tract  degeneration  follows  the  course  of  the  fiber  through 
the  internal  capsule,  medulla,  and  cord.  If  the  fibers  within  the  internal 
capsule  are  destroyed  by  injury,  hemorrhage,  softening,  or  neoplasm, 
those  coming  from  cortical  cells  degenerate  down  to  the  motor  cell  in 
the  cord  with  which  they  communicate;  a transverse  section  of  the  cord 
gives  rise  to  an  ascending  degeneration  of  nerve-fibers  belonging  to  gan- 
glion cells  lying  below  the  lesion  and  descending  degeneration  develops  in 
the  fibers  coming  from  above  the  injury.  Pressure  of  a sufficient  degree 
produces  similar  changes.  If  a peripheral  nerve  be  sectioned,  bruised, 
or  infiltrated  by  a tumor,  the  distal  portion  degenerates.  In  addition  to 
the  degeneration  occurring  in  a fiber  beyond  the  primary  lesion,  there 
is  also  a proximal  degeneration  which,  in  the  peripheral  nerves,  extends  to 
the  first  node  of  Ranvier;  there  are  also  slight  changes  in  the  tigroid 
substance  of  the  cell  with  which  it  communicates,  but  these  alterations  are 
inconspicuous,  appear  late,  and  are  far  less  important  than  the  degenera- 
tion distal  to  the  point  of  injury. 

The  rapidity  with  which  Wallerian  degeneration  occurs  is  largely 
dependent  upon  the  suddenness  of  the  disturbance  that  separates  the 
peripheral  from  the  proximal  parts.  When  tumors  infiltrate  or  press 
upon  the  fiber,  its  conductivity  gradually  disappears.  When,  however, 
it  is  sectioned,  tom  apart,  or  in  other  ways  suddenly  injured,  the  changes 
follow  a fairly  definite  order.  The  studies  of  Halliburton,  Ballance,  and 
Stewart,  and  others  show  that  for  the  first  three  days  following  the  injury 
the  distal  part  of  the  nerve  remains  irritable  and  competent  to  transmit 
impulses.  From  the  fourth  to  the  sixth  day  the  irritability  progress- 
ively diminishes,  and,  by  the  end  of  this  time,  fragmentation  of  the  myelin 
becomes  marked.  From  the  sixth  to  the  eighth  day  fatty  changes  can 
first  be  demonstrated  by  the  Marchi  method  (p.  892),  and  this  micro- 
chemic  reaction  persists  for  from  twenty-five  to  thirty-five  days.  The 
fragmenting  myelin,  as  a result  of  necrotic  and  degenerative  changes, 
undergoes  disintegration,  and  is  removed  largely  through  the  interven- 
tion of  phagocytic  cells,  in  which  particles  of  this  substance  may  occasion- 
ally be  demonstrated  as  long  as  the  fifth  month  after  the  reception  of  the 
injury.  Regenerative  processes  may  be  inaugurated  as  early  as  the 
end  of  the  second  week;  these  will  be  further  discussed  in  considering 
repair  of  nerves  at  the  close  of  this  chapter. 

Intracranial  Hemorrhage. — Hemorrhage  within  the  skull  cavity  mat^ 
be  m the  membranes,  in  which  case  it  is  known  as  meningeal  hemorrhage 
or  in  the  brain-substance  (cerebral  hemorrhage). 

Meningeal  hemorrhage  may  again  be  divided  according  to  its  location: 
(1)  Extradural  hemorrhage  is  between  the  dura  and  the  skull;  when  the 
hemorrhage  is  within  the  dura  mater  separating  that  membrane  into  layers, 
it  is  called  (2)  intradural  hemorrhage;  when  the  extra vasated  blood  is 


1902,  p.  1043.  Henriksen,  Lancet,  April  ir,  1903,  p.  1015.  Spiller  and  Frazier 
aU-vn°  P®nn,a-  Med  Bull.,  June,  1903.  Cattwinkel  and  Kerschensteiner,  Lubarsch 
and  Ostertag  s Ergebnisse  der  allg.  Path.  u.  path.  Anat.,  Neunter  Jahrg.  I Abt 
9'  Halliburton,  Brit.  Med.  Jour.,  May  4,  1907,  p.  xo4r.  Knick  ’lour  f’ 
Phychol.  u.  Neurol.,  Bd.  xii,  1908,  H.  1.  Zalla,  Rev.  Neurol.,  April  30^910,  p 483. 
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beneath  the  dura,  the  condition  is  spoken  of  as  (3)  subdural  hemorrhage . 
Such  hemorrhages  are  practically  always  due  to  injury  with  or  without  frac- 
ture of  the  cranial  bones.  In  hemorrhagic  pachymeningitis  (see  p.  888) 
the  hemorrhage  is  rarely  profuse.  The  extruded  blood  may,  by  pressure, 
influence  the  cerebral  cortex,  giving  rise  to  degenerative  and  necrotic  proc- 
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Fig.  430. — Miliary  Aneurysms.  Aneurysms  Assembled  from  Several  Brains.  (Natural  size.) 


esses,  and  finally  softening.  It  may  undergo  organization,  either  com- 
plete or  partial,  and  persist  in  the  form  of  cicatricial  tissue.  In  other  cases 
liquefaction  necrosis  occurs  in  the  center,  involving  a larger  part  of  the 
coagulum.  Peripheral  organization  results  in  the  encapsulation  and  per- 
sistence as  a cyst  in  which  pigment  and  detritus  arising  from  disintegrated 


Fig.  431.  Vessel  bearing  a Ruptured  Aneurysm.  (Twice  natural  size.)  (From  cases  of 
hemorrhagic  apoplexy.  By  permission  Dr.  Ellis,  “International  Clinics.”) 
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erythrocytes  can  usually  be  found.  The  enclosing  sac  not  infrequently 
contains  pigment.  Such  cysts  may  be  large  and  by  pressure  interfere 
with  growth  of  the  brain  or  lead  to  retrograde  changes  such  as  atrophy  and 
softening.  The  most  important  form  of  intracranial  hemorrhage  is  that 
occurring  within  the  brain-substance. 

Cerebral  hemorrhage  includes  all  forms  of  hemorrhage'  into  the  brain 
tissue  or  the  ventricles. 

Etiology.  The  most  common  form  of  cerebral  hemorrhage  is  that  due  to 
minute  aneurysms1  of  the  smaller  cerebral  arteries.  The  arterial  degenera- 
tion was  at  one  time  looked  upon  as  inflammatory  but  is  now  known  to 
possess  the  usual  characters  of  sclerosis  involving  the  smaller  vessels. 
The  studies  of  Ellis  have  shown  that  the  vascular  dilatation  is  not  a 
true  aneurysm  although  small  so-called  dissecting  aneurysms  may  be  pres- 
ent. Most  of  the  miliary  aneurysms  of  cerebral  hemorrhage  are  false 
aneurysms.  Sclerotic  vessels  without  aneurysmal  dilatation  may  rup- 
ture. The  condition  is  rare  in  patients  under  forty  years  of  age.  Cerebral 
hemorrhage  constitutes  one  form  of  the  clinical  condition  called  apoplexy. 
The  affection  just  named  is  usually  characterized  by  a sudden  loss  of 
consciousness  and  varying  degrees  of  paralysis,  and  may  be  due  to  hemor- 
rhage within  or  upon  the  brain  or  to  embolic  plugging  or  thrombosis 
giving  rise  to  acute  cerebral  softening.  The  form  due  to  hemorrhage  from 
the  meninges,  sometimes  called  meningeal  apoplexy,  is,  by  most  writers, 
distinguished  from  types  depending  upon  intracerebral  lesions.  When 
due  to  embolism  or  thrombosis,  it  is  called  embolic  or  thrombotic  apoplexy; 
and  when  produced  by  hemorrhage  within  the  brain,  hemorrhagic 
apoplexy.  Hemorrhage  either  from  the  meninges  or  brain-substance  may 
result  horn  violence,  and  may,  of  course,  occur  at  any  age.  In  addition 
to  these  causes,  small  punctiform  hemorrhages  into  the  brain  are  occasion- 
ally observed  in  syphilis,  purpura,  scurvy,  and  leukemia,  and  in  interstitial 
nephritis,  such  hemorrhages  are  also  found,  as  has  been  before  mentioned, 
m meningitis  and  in  hyperemia  of  the  brain.  Arteriosclerosis  (p.  528), 
and  any  form  of  vessel  degeneration  (p.  523)  in  which  the  vascular  wall  is 
weakened,  are  most  frequent  causes.  Infective  endocarditis,  or  other 
morbid  process  attended  by  the  presence  of  bacteria  in  the  circulation, 
sometimes  causes  infection  of  the  vessel  wall,  as  a consequence  of  which 
rupture  and  hemorrhage  occur.  It  is  therefore  possible  for  embolic 
processes  to  cause  apoplexy  by  embolism  or  as  a result  of  hemorrhage. 

1 tie  lesion  resulting  from  bacterial  softening  of  the  vessel  wall  is  called 
mycotic  aneurysm;-  when  due  to  embolism  and  infection  the  term  em- 
bolomycotic  aneurysm  (see  p.  278)  is  used.  Lastly,  hemorrhage  some- 
times occurs  from  vascular  tumors. 

Morbid  Anatomy.— In  that  variety  produced  by  disease  of  the  blood- 
vessels  the  hemorrhage  is  nearly  always  solitary.  According  to  Charcot 
and  Bouchard,  disease  of  the  blood-vessels  of  the  different  parts  of  the 
bram  occurs  m the  following  order  as  regards  frequency:  Central  ganglia 
cortex,  pons,  cerebellum,  centrum  ovale,  middle  cerebellar  peduncle’ 
crus  cerebri,  and  medulla  oblongata;  as  might  be  expected,  this  order 
corresponds  closely  to  the  incidence  of  hemorrhage.  The  most  frequent 
seat,  however,  is  the  internal  capsule;  this  is  explained  by  the  fact  that  the 
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small  vertical  arteries  which  are  distributed  to  this  part,  namely,  the 
lenticulostriate  and  lenticulothalamic,  have  no  collateral  branches,  are 
under  a high  pressure,  and  are  often  diseased;  these  arteries  frequently 
contain  miliary  aneurysms  (p.  537).  One  side  of  the  brain  is  affected  as 
often  as  the  other.  Though  very  rare,  the  hemorrhage  occasionally  occurs 
directly  into  the  ventricles  from  the  choroid  plexuses,  but  the  blood  quite 
frequently  finds  its  way  into  the  ventricles  by  bursting  through  from  the 
ganglia  that  form  part  of  their  walls.  On  cutting  into  an  area  of  hemor- 
rhage there  is  found  toward  the  center  a mass  of  clotted  or  semiclotted 
blood,  merging  on  every  side  into  the  surrounding  torn  and  lacerated 
tissues,  which  are  often  infiltrated  with  blood  for  quite  a distance  from 
the  center  of  the  lesion,  thus  giving  the  appearance  of  separate  and  dis- 
tinct hemorrhagic  areas  in  the  vicinity.  In  rare  instances  almost  the 
entire  hemisphere  into  which  the  hemorrhage  occurs  is  destroyed.  In  the 
immediate  area  of  the  hemorrhage  the  nervous  substance  is,  of  course, 
entirely  destroyed,  and  on  microscopic  examination  contains  only  the 
debris  resulting  from  the  disruption  of  the  normal  structures  of  the  part. 
If  the  patient  does  not  succumb  to  the  immediate  attack,  the  extra vasated 
blood  begins  quickly  to  undergo  changes;  it  shrinks,  and  the  color  gradually 
fades  until  finally  it  is  of  a reddish-yellow  hue.  In  the  mean  time  the 
presence  of  the  blood  in  the  tissue  results  in  an  inflammatory  condition 
of  the  neighboring  structures,  and  in  the  formation  of  a fibrous  capsule 
around  the  clot.  In  some  cases  a capsule  is  not  produced,  for  the  reason 
that  some  of  the  pyogenic  organisms  gain  entrance  to  the  part,  and  suppu- 
ration results;  the  condition  then  really  becomes  one  of  abscess.  As 
the  capsule  forms  around  the  extravasated  blood,  it  gradually  becomes 
smaller,  as  the  result  of  absorption,  but  the  condensed  and  hyperplastic 
glia  and  newly  formed  fibrous  tissue  remain.  In  some  instances  the 
blood-clot  undergoes  liquefaction,  and,  becoming  encapsulated,  remains 
as  a cyst;  it  is  thought  that  the  fluid  contained  within  such  cavities  is 
sometimes  absorbed,  and  that  they  may  be  replaced  by  new  tissue  con- 
taining glia  and  fibrous  elements  in  varying  proportions.  As  a result 
of  the  formation  and  subsequent  contraction  of  scar  tissue,  the  area  in 
which  the  hemorrhage  occurs  is  often  markedly  reduced  in  size.  While 
the  quantity  of  newly  formed  tissue  depends  on  the  extent  of  the  hemor- 
rhage, the  fact  should  be  carefully  noted  that  it  is  not  merely  equivalent 
to  the  amount  of  nerve  tissue  destroyed  primarily,  but  that  it  also  repre- 
sents the  sclerosis  consecutive  to  the  secondary  degeneration  in  the  nerve- 
fibers,  the  ganglion  cells  of  which  have  been  destroyed,  or  the  courses  of 
which  have  been  interrupted  by  the  lesion.  The  character  and  extent 
of  these  secondary  degenerations  (p.  900)  depend,  of  course,  entirely  on 
the  situation  of  the  hemorrhage;  should  sensory  fibers  be  damaged,  the 
secondary  degeneration  is  toward  the  nerve-centers,  while  injury  to  the 
motor  fibers  causes  degeneration  from  the  nerve-centers  toward  the  periph- 
ery of  the  body.  These  degenerations  may  be  detected  by  the  method 
of  Marchi  (p.  892)  as  early  as  the  eighth  or  ninth  day  following  the  hemor- 
rhage; at  a later  period,  the  fat  having  largely  disappeared,  the  changes 
are  best  shown  by  Weigert’s  method.  Later,  compound  granule  bodies 
and  corpora  amylacea  appear  in  the  situations  where  the  degenerative 
process  is  going  on;  the  neuroglia  increases,  and,  in  the  course  of  time,  a 
mass  of  scar  tissue  replaces  the  degenerated  area.  If  the  brain-substance 
be  carefully  washed  from  the  smaller  arteries,  there  may  be  found  here 
and  there  upon  them  minute  saccular  dilatations,  which  are  really  small 
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aneurysms.  It  is  the  rupture  of  these  vessels,  the  walls  of  which  are 
weakened,  that  causes  the  hemorrhage. 

Concerning  the  hemorrhages  resulting  from  injury,  or  those  occurring 
in  connection  with  tumors  and  general  diseases,  there  is  nothing  of  im- 
portance to  be  said  in  addition  to  the  remarks  on  hemorrhage  from 
diseased  blood-vessels.  It  may,  however,  be  observed  that  the  hem- 
orrhages are  often  multiple,  and  are,  as  a rule,  smaller  than  those  pro- 
duced in  the  usual  way. 

Infantile  meningeal  hemorrhage  may  be  classed  with  those  con- 
ditions in  which  hemorrhage  occurs  directly  into  the  brain-substance,  for, 
although  it  is,  strictly  speaking,  a result  of  injury  to  the  meningeal  vessels, 
the  effect  is  to  cause  compression  of  the  brain-substance  and  to  produce 
symptoms  that  correspond.  The  blood  is  effused  over  the  convex  sur- 
face of  the  brain  or  along  the  base;  the  former  is  said  to  be  more  common 
in  foot  presentation  and  the  latter  in  head  presentation;  the  condition 
rarely  follows  normal  labor.  The  remote  results  of  the  hemorrhage  are 
necessarily  influenced  by  its  extent  and  location;  involving  the  motor  area, 
paralyses  of  varying  degrees  and  distribution  are  produced  with  secondary 
degenerations  of  the  tracts  through  which  pass  fibers  coming  from  the  com- 
pressed and  altered  cortex. 

Occlusion  of  the  vessels  of  the  brain1  gives  rise  to  a process  in  its  sub- 
stance commonly  called  cerebral  softening.  The  most  common  causes 
of  softening  are  thrombosis,  embolism,  and  arteriosclerosis  of  the  cerebral 
vessels,  but,  in  addition  to  these,  it  may  result  from  inflammations  of  the 
brain-substance,  and  occasionally  occurs  in  old  age  without  assignable 
cause.  Thrombosis  of  the  cerebral  vessels  is  due  most  commonly  to 
obliterative  endarteritis  and  atheroma;  as  the  former  of  these  conditions 
ts  probably  always  syphilitic,  and  the  latter  frequently  so,  it  is  evident 
that  syphilis  plays  an  important  role  in  the  production  of  this  condition. 
A vessel  may  also  be  occluded  by  pressure  of  tumors,  masses  of  cicatricial 
tissue,  and  cysts.  In  peculiar  states  of  blood  accompanying  child-birth, 
m acute  diseases,  and  in  cancer,  gout,  tuberculosis,  and  general  malnutri- 
tion, marasmic  thrombi  (p.  266)  are  sometimes  formed.  Embolism 
results  most  commonly  from  diseases  of  the  endocardium  or  its  valves,  but 
ma}  arise  from  diseased  conditions  of  the  aorta  or  other  large  vessels;  the 
p ug  sometimes  comes  from  the  lung,  and  may  have  originated  in  an  aneu- 
rysm or  morbid  growth.  (See  Embolism,  p/271.) 

, Anatomy.-  When  one  of  the  cerebral  vessels  is  occluded, 

e collateral  circulation  is  rarely  sufficient  to  cause  anything  like  com- 
plete compensation;  in  the  vast  majority  of  instances  the  blood  is  prac- 
ticallv  excluded  from  the  area  supplied  by  the  vessel  involved,  and, 
as  / /^e  tissue  in  the  situation  quickly  dies.  Thrombosis  from 

s ) p llitic  disease  occurs  more  commonly  in  the  larger  vessels.  Ern- 
o ism  of  the  middle  cerebral  arteries  and  their  branches  is  more  common 
than  m the  other  vessels,  and  the  vessels  of  the  left  side  are  more  fre- 
quent v plugged  than  those  on  the  right.  The  immediate  effect  of  the 
obstruction  of  a vessel,  either  as  the  result  of  thrombosis  or  embolism 
is  the  arrest  of  the  circulation  in  the  region  supplied.  As  a result  of 
interference  with  blood  ingress,  the  area  involved  appears  abnormally 
white,  after  twenty-four  or  thirty-six  hours  serum  begins  to  collect  in 
the  part,  pushing  the  nerve  elements  apart  and  rendering  the  tissue 
edematous;  as  a result  of  increased  permeability  and  rupture  the  blood 
1 Lhermitte  and  Schaeffer,  Sem.  Med.,  Jan.  i9)  i9io,  p.  25. 
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escapes  from  the  affected  vessels  and  the  region  involved  assumes  a 
yellowish  or  reddish  color,  depending  on  the  quantity  of  blood  effused. 
The  nerve  elements  rapidly  undergo  degenerative  and  necrotic  changes,  and 
disintegrate,  forming  a mass  of  granular  detritus;  by  the  time  this  stage 
is  reached  the  so-called  compound  granule  cells  become  exceedingly 
numerous.  These  bodies  are  probably  leukocytes  exerting  their  usual 
phagocytic  properties.  The  granular  matter  contained  within  the 
protoplasm  of  such  cells  is  derived  from  the  necrotic  erythrocytes  and 
tissue  elements;  they  also  contain  a small  quantity  of  fat.  The  change 
so  far  observed  is  essentially  the  same  as  that  occurring  in  other  forms  of 
infarction,  modified  somewhat  by  the  peculiar  chemic  composition  and 
architecture  of  the  cerebral  tissue;  it  is  essentially  a necrosis.  In  the 
course  of  a few  weeks  the  blood-pigment  from  the  degenerated  red  cells 
begins  to  be  absorbed,  and  as  this  process  advances,  the  area,  at  first 
more  or  less  of  a reddish  color,  becomes  yellowish,  and  finally  white. 
These  stages  correspond  to  the  red,  yellow,  and  white  softening  described 
by  various  authors.  Red  softening  is  most  marked  in  the  cortex,  where 
the  blood-vessels  are  numerous;  yellow  softening  results  from  the  red  by 
degenerative  changes  in  the  blood-pigment  and  by  its  absorption.  White 
softening,  in  its  purest  form,  generally  occurs  only  in  the  white  substance 
of  the  hemispheres.  The  area  involved  may  be  swollen  and  softer  than 
the  surrounding  normal  tissue;  oftentimes  it  differs  but  little  from  the 
contiguous  healthy  substance. 

In  the  early  stages  inflammatory  reaction  on  the  part  of  the  sur- 
rounding tissue  is  evidenced  by  an  increase  of  the  neuroglia  cells,  and 
the  migration  of  a few  leukocytes  from  the  normal  blood-vessels  in  the 
vicinity.  In  white  softening  particles  from  the  diseased  region  show, 
when  examined  under  the  microscope,  a granular  detritus,  nuclei  from 
the  neuroglia,  compound  granule  bodies,  and,  at  a late  stage,  corpora  am- 
ylacea.  The  changes  produced  in  the  nerve-fibers  passing  through  the 
diseased  area  are  the  same  as  those  following  hemorrhage. 

If  the  softened  areas  are  infected  by  any  of  the  putrefactive  or  pyo- 
genic bacteria,  changes  are  induced  that  correspond  to  the  particular  mi- 
croorganism present.  If  the  results  of  the  occlusion  do  not  earlier  prove 
fatal,  in  the  course  of  a few  months  or  years  the  affected  area  may  be- 
come encapsulated,  and,  if  the  contents  be  absorbed,  a dense  mass  of 
fibrous  or  gliomatous  tissue  entirely  replaces  it.  It  sometimes  happens 
that  the  solid  parts  alone  are  absorbed  from  the  softened  tissue,  and  a cyst 
results. 

An  examination  of  the  vessels  of  a brain  in  which  thrombosis  has 
occurred  usually  reveals  the  presence  of  an  obliterative  endarteritis  or 
atheroma  or  other  evidence  of  vascular  disease.  In  the  first-named  con- 
dition the  vessels  exhibit  hard,  nodular  swellings  along  their  course,  which 
are  the  result  of  an  increase  in  the  thickness  of  their  walls,  and  are  never 
aneurysmal  in  character.  The  microscopic  changes  consist  of  a great 
increase  in  the  amount  of  fibrous  tissue  in  the  inner  coat  of  the  vessels, 
and  an  alteration  of  the  same  character  may  be  present  in  the  outer 
tunic.  The  intimse  so  thicken  that  the  lumina  of  the  vessels  are  greatly 
reduced  in  size.  At  the  point  where  the  obstruction  producing  the 
softening  has  occurred,  the  decrease  in  caliber  of  the  vessel  is  so  great 
that  a thrombus  has  been  produced. 

In  case  the  vessels  are  atheromatous  there  will  be  found  some  thicken- 
ing of  the  inner  coats,  and  subsequent  fatty  degeneration  with  the  pos- 
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sible  formation  of  ulcers  or  calcareous  plates  resembling  those  often  found 
in  other  vessels  so  diseased  (p.  523).  The  obliterative  change  results 
in  this  case  by  the  building  up  of  a fibrinous  plug  upon  a necrotic  base,  or 
the  formation  of  like  obstructions  from  the  narrowing  of  the  lumina  of  the 
affected  vessels. 

Thrombosis  of  the  veins  and  sinuses  is  described  on  p.  887. 

Inflammations  of  the  brain  (cerebritis,  encephalitis),  like  inflamma- 
tions elsewhere,  may  be  acute  or  chronic;  in  addition,  they  may  be  simple, 
hemorrhagic,  purulent,  or  productive. 

Acute  Inflammations. — The  classification  of  acute  inflammations  of 
the  brain  is  at  the  present  time,  unfortunately,  in  a state  of  great  con- 
fusion. Authorities  generally  recognize  the  following  varieties:  (1) 
Acute  encephalitis,  the  result  of  injury;1  (2)  simple  acute  focal  en- 
cephalitis (hematogenous  or  insular),  the  result  of  the  acute  infectious 
diseases,  (3)  acute  hemorrhagic  encephalitis;  (4)  acute  suppurative  en- 
cephalitis. 

It  is  obvious  that  at  the  time  an  injury  occurs  there  is  always  a strong 
probability  that  the  wound  will  become  infected  with  some  micro- 
oiganism,  and  to  the  results  of  the  injury  per  se  there  will  be  quickly 
added  the  effects  resulting  from  the  presence  of  the  particular  infectious 
agent  introduced,  and  every  feature  of  the  process  is  accordingly  modi- 
fiecl  , again,  nothing  can  be  more  inaccurate  than  merely  to  say  an  enceph- 
alitis occurs  during  some  infectious  or  septic  process,  since  the  pecul- 
nanties  of  the  condition  induced  must  vary  as  widely  as  the  diseases  from 
w ich  they  take  their  origin.  Even  the  term  suppurative  encephalitis 
is  wholly  unscientific,  as  there  are  many  infectious  agents  capable  of 
setting  up  a process  of  this  kind.  As  much  as  this  condition  of  affairs 
is  to  be  deplored,  in  the  present  state  of  our  knowledge  we  can  perhaps 
do  no  better  than  to  follow  the  classification  just  referred  to,  with  the 
exception  only  that  all  those  inflammations  of  a suppurative  character, 
including  abscess,  will  be  included  under  one  head. 

The  peculiarities  of  an  inflammation  the  result  of  injury  will,  of 
course,  depend  on  the  situation,  kind,  and  extent  of  the  wound.  If  no 
infective  agent  be  added,  the  changes  resemble  the  alterations  following 
hemorrhage.  The  nerve  substance  in  the  vicinity  of  the  injury  is  de- 
stroyed, and  there  is  more  or  less  inflammatory  infiltration  of  cells  into 
the  part.  A fibrous  or  gliomatous  wall  may' ultimately  form  around 
the  diseased  area.  The  subsequent  changes  in  the  softened  tissue  and 
the  secondary  degenerations  ensuing  are  identical  with  those  that  follow 
hemorrhage. 

Simple  acute  focal  encephalitis2  is  a condition  in  which  the  exciting 
cause  of  the  inflammation  probably  always  reaches  the  brain  by  means 
ol  the  circulation.  It  may  occur  in  connection  with  any  of  the  infectious 
diseases,  such  as  influenza,  typhoid  fever,  diphtheria,  and  rabies;  it 
sometimes  results  from  rheumatism,  and  may  follow  sunstroke. 

, , Etiology.  In  some  cases  the  lesion  is  due  to  the  same  microorganism 
that  gives  rise  to  the  disease  in  connection  with  which  it  occurs  and  in 
other  instances  the  general  condition  acts  as  a predisposing  cause,  produc- 
mg  such  a lowered  state  of  resistance  on  the  part  of  the  tissues  of  the  brain 
that  other  infectious  agents  happening  to  gain  entrance  to  the  part, 

1 Rawling,  Lancet,  1904,  vol.  i. 

„ !IteigSre  1-Lavastine  and  Voisin,  Arch,  de  Med.  Exper.  1907  Chartier  I ’Fn 
cephale,  March,  1907.  Oppenheim  and  Cassirer,  Die  Encephalitis,  Berlin, ’1907. 
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find  no  difficulty  in  lodging  and  in  producing  the  peculiar  lesions  which 
they  occasion.  It  is  not  impossible,  also,  that  the  soluble  poisons  that 
are  manufactured  in  the  body  in  some  infectious  diseases  may  act  directly 
as  irritants  to  the  brain  tissues. 

Morbid  Anatomy. — The  lesions  are  generally  scattered  throughout 
the  brain-substance  as  small  foci,  which  may  or  may  not  be  macroscopic- 
ally  perceptible.  When  large  enough  to  be  seen,  they  generally  present  a 
red  appearance,  and  are  softer  than  the  neighboring  cerebral  tissue. 
The  areas  are  usually  considerably  redder  than  those  of  simple  softening, 
this  being  due  to  the  dilatation  of  the  vessels  in  and  around  the  diseased 
region,  and  to  more  or  less  extravasation  of  blood  into  the  part.  For 
the  foregoing  reasons  inflammation  of  the  brain  was  long  confounded  with 
softening,  with  which  it  presents  many  points  in  common.  At  a later 
stage,  indeed,  it  may  be  impossible  to  distinguish  between  them,  for  the 
extravasated  blood  is  gradually  absorbed,  or  its  coloring-matter  so 
modified  that  the  area  becomes  pale.  During  the  period  of  acute  inflam- 
mation, sections,  when  examined  microscopically,  show  distention  of  the 
blood-vessels,  small  focal  hemorrhages,  and  accumulations  of  lym- 
phoid cells  around  the  vessels.  At  a later  stage  there  are  many  larger 
cells  that  appear  to  be  derived  from  the  connective  tissue  or  neuroglia; 
there  are  also  many  plasma  cells.  The  nerve-cells  and  nerve-fibers 
manifest  necrotic  and  degenerative  changes.  If  the  area  be  small,  it  is 
not  improbable  that  practical  restitution  to  its  normal  condition  may 
occur;  but  if  larger,  the  most  favorable  result  that  can  be  anticipated  is 
the  formation  of  a cyst  or  a small  scar,  which  replaces  the  tissue  involved. 
Adhesions  of  the  meninges  to  the  cortex  are  frequently  found. 

Acute  hemorrhagic  cerebritis1  is  a rare  affection  probably  due  to  a 
number  of  causes,  although  in  many  cases  the  etiology  cannot  be  de- 
termined Twenty  years  ago  Leichtenstern  suggested  that  the  process 
was  of  infective  origin,  and  succeeding  observations  have  strengthened 
this  view.  Considerable  doubt  is  entertained  as  to  whether  there  is 
any  essential  difference  between  the  acute  simple  or  focal  encephalitis 
and  the  lesion- at  present  under  discussion;  the  presence  or  absence  of 
hemorrhage  depends  upon  a number  of  factors,  and  it  is  not  improbable 
that  the  same  causes  may  induce  either  form.  A number  of  bacteria 
have  been  identified  in  lesions  of  acute  hemorrhagic  cerebritis;  Southard 
and  Keene  have  induced  similar  changes  in  guinea-pigs  by  experimental 
inoculation  with  the  Staphylococcus  pyogenes  aureus.  Hoppe  believes 
that  it  frequently  follows  measles,  and  less  commonly  typhoid,  scarlet 
fever,  diphtheria,  and  influenza;  trauma  is  also  a cause.  In  some  cases 
both  brain  and  spinal  cord  are  involved — encephalomyelitis  haemor- 
rhagica.  There  is  an  intimate  relation  between  the  condition  and 
cerebral  softening,  although  in  the  latter  the  lesions  are  much  larger. 
The  centrum  ovale  is  said  to  be  the  part  of  the  brain  principally  involved; 
it  is  locally  or  diffusely  softened,  of  a pinkish  color,  and  contains  numer- 
ous minute  hemorrhages.  The  pia  is  also  injected.  The  blood-vessels 
of  the  white  substance  are  seen  to  be  distended  with  blood  when  examined 
microscopically,  and  there  are  slight  evidences  of  degeneration  of  the 
nerve-fibers  in  this  situation.  Hemorrhagic  foci  are  frequent,  areas  of 
leukocyte  accumulation  numerous  and  generally  small.  The  nerve-cells 

1 Preobrajensky,  Rev.  de  Psychiatrie  de  Neurol,  et  de  Psychol.  Exper.,  1004, 
No.  6,  p.  401.  Mills,  Review  Neurol,  and  Psychiatry,  Feb.,  1907.  Hassin,  Med. 
Rec.,  Feb.  6,  1909. 


THE  NERVOUS  SYSTEM. 


909 


of  the  cortex  are  normal,  or  but  slightly  changed;  the  alterations  in  these 
bodies  are  those  usually  accompanying  infections  and  possess  nothing 
peculiar  to  this  affection. 

Polioencephalitis  is  an  acute  inflammatory  condition  affecting  the 
motor  nuclei  of  the  brain;  when  the  centers  for  the  third,  fourth,  and 
sixth  nerves  are  involved,  the  condition  is  called  polioencephalitis  su- 
perior;1 when  the  nuclei  of  the  seventh  to  the  twelfth  nerves,  inclusive, 
are  affected,  the  term  polioencephalitis  inferior3  is  applied;  in  some 
instances  the  anterior  cornua  of  the  cord  are  also  affected,  justifying  the 
name  polioencephalomyelitis.  The  ganglion  cells  of  the  affected  area 
are  swollen,  the  tigroid  and  nuclear  stainable  substances  are  altered,  the 
axones  and  dendrites  swollen  and  fragmented,  and  leukocjffic  accumula- 


. Tig-  432-  Section  op  Human  Brain  Including  Wall  of  Cerebral  Abscess 
a,  a.  Periphery  of  abscess;  necrotic  tissue  containing  pus-cells  and  granular  detritus,  b.  Wall  containing 
reparative  elements,  c.  More  or  less  normal  brain-substance.  (Queen  obj.,  2/3-inch;  oc.,  B.) 


tion  in  the  contiguous  tissue  sometimes  marked;  hemorrhages  also  may 
be  present.  When  affecting  the  nuclei  of  the  bulb,  this  condition  con- 
stitutes the  anatomic  basis  of  acute  bulbar  paralysis.  If  the  patient 
survive,  sclerosis  probably  follows. 

Suppurative  Cerebritis.3  By  far  the  most  frequent  and  important 
of  all  the  inflammatory  conditions  affecting  the  brain  are  those  of  a 
suppuratice  character.  The  disease  may  occur  as  a complication  of  any 
acute  infective  process,  such  as  erysipelas,  pneumonia,  bronchitis,  cere- 
brospinal meningitis,  typhoid,  scarlet  fever,  and  even  influenza.  It  is 
frequently  observed  in  conditions  accompanied  by  the  presence  of  pyo- 
genic cocci  in  the  circulating  media  of  the  body.  Metastatic  cerebral 
abscesses  occur  in  pyemia,  septicemia,  endocarditis,  phlebitis,  with  or 


Y°rk  Med-  J°ur  - Feb-  IO-  i9°6,  p.  289.  Krumbhaar,  Univ. 
Henna.  Med.  Bull.,  May,  1908,  p.  193. 

! Jffds°n  and  Camcross,  Amer.  Jour.  Med.  Sci.,  Dec.,  1908  p 426 

De,,t^7^t°fthKrArbeib  ui  d‘  Path'  Helsings£ors,  1902,  Abth.  I,  p.  xoi.  Kolpin, 
Deut.  Zeit.  f Nervenheilk.,  1904,  Bd.  xxv,  p.  465.  Fauvel,  These  de  Paris,  1904 

No-  i89-  Weiss  Inaug.  Diss  Munich,  1905.  Mirallie,  Arch,  de  Neurol.,  T.  xxi 
1906.  Spiller,  Univ.  Penna.  Med.  Bull.,  Oct.,  I9o6.  Meyer,  Inaug.  Dissert.  Kiel 
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without  thrombosis,  and  suppurations  of  distant  parts.  But  at  the 
present  time  more  common  than  any  of  these  causes  is  the  direct  or 
indirect  extension  of  suppurating  processes  to  the  brain-substance  from 
neighboring  structures,  such  as  occurs  in  middle-ear  disease,  chronic 
diseases  of  the  nose  and  facial  sinuses,  caries  of  the  bones  of  the  skull, 
and  suppurative  lesions  of  the  meninges.  The  most  frequent  cause  is 
a suppurative  process  affecting  the  middle  ear  or  mastoid.  Ehrnrooth 
has  shown  experimentally  that  blows  on  the  head  increase  the  suscepti- 
bility of  the  cerebral  tissues  to  infection  by  bacteria  circulating  in  the 
blood. 

The  most  frequent  organisms  present  in  these  conditions  are  the 
Streptococcus  pyogenes,  the  Staphylococci  pyogenes  albus,  aureus,  and 
citreus,  pneumococcus  and  the  Bacillus  pyocyaneus;  actinomyces  are 
also  occasionally  observed;  the  oidium  albicans  has  been  found,  and 
other  organisms  are  sometimes  the  cause. 

Morbid  Anatomy. — When  the  organisms  producing  the  disease 
enter  the  brain  by  means  of  the  circulation,  numerous  minute  foci  of 
inflammation  usually  occur;  macroscopically,  these  resemble  in  every 
way  the  areas  found  in  the  simple  acute  form  of  cerebritis.  When 
the  infection  comes  from  neighboring  structures,  it  generally  extends 
by  continuity  of  surface  to  one  part  of  the  brain  alone,  and  there  occurs, 
as  a consequence,  a localized  inflammation  at  the  infected  point  only. 
When  the  diseased  area  is  extensive,  it  is  commonly  called,  when  situated 
in  the  cerebrum,  cerebral  abscess,  and,  when  the  cerebellum  is  affected, 
cerebellar  abscess.  The  cerebrum  is  involved  about  four  times  as  fre- 
quently as  all  the  other  parts  together;  next  to  the  cerebrum  the  cere- 
bellum is  most  frequently  affected.  The  typic  brain  abscess  usually 
contains  a collection  of  yellowish  or  greenish,  often  fetid,  pus,  which,  in 
addition  to  polymorphonuclear  leukocytes,  is  loaded  with  the  granular 
debris  resulting  from  necrosis  and  disintegration  of  the  nervous  struc- 
ture; in  acute  cases  bacteria  are  present  in  large  numbers;  when  the 
abscess  has  persisted  for  some  time,  microorganisms  are  often  scanty 
or  even  absent.  The  walls  of  the  abscesses  are  irregular;  often  there 
are  several  abscesses  near  one  another,  connected  by  small  sinuses. 
The  surrounding  tissue  is  swollen  and  pinkish  in  color;  if  the  abscess 
be  old,  it  is  not  infrequently  surrounded  by  a more  or  less  well-defined 
capsule  of  fibrous  tissue. 

Microscopically,  the  walls  of  the  abscesses  show  degenerating  nerve- 
cells  and  nerve-fibers,  an  increase  in  the  neuroglia  cells,  and  infiltrating 
these  areas  of  necrotic  and  disintegrating  tissue  are  multitudes  of  poly- 
morphonuclear leukocytes  (pus-cells),  which  have  migrated  from  the 
surrounding  engorged  blood-vessels;  enlarged  connective-tissue  cells, 
lymphocytes,  and,  especially  if  the  process  be  subacute  or  chronic, 
numerous  plasma  cells  are  also  found.  The  capsules  of  very  old  abscesses 
sometimes  undergo  calcareous  change,  and,  in  rare  instances,  the  con- 
tents may  be  similarly  affected. 

Chronic  Encephalitis. — But  little  is  known  of  the  chronic  inflamma- 
tory conditions  affecting  the  brain-substance  alone,  such  lesions  being 
apparently  very  rare.  It  is,  however,  quite  conceivable — and  even 
probable— that  acute  inflammatory  processes,  especially  those  of  a 
nonsuppurative  character,  may  in  some  instances  become  subacute  or 
chronic.  Cases  have  been  recorded  in  which  there  was  postmortem  evi- 
dence of  such  conditions,  but  it  was  impossible  to  say  whether  the  cere- 
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britis  began  as  a chronic  process  or  followed  an  acute  inflammation. 
The  macroscopic  changes  are  slight  or  wanting  in  chronic  cerebral  in- 
flammations; microscopically  evidences  of  slight  inflammation,  and 
sometimes  small  areas  containing  an  increased  amount  of  newly  formed 
fibrous  or  gliomatous  tissue  are  present. 

Chronic  meningo -encephalitis  is  an  inflammation  of  the  leptomeninges 
with  involvement  of  contiguous  cortex.  The  lesion  may  be  diffuse  or 
cncumscribed  and  a similar  change  occurs  in  the  membranes  of  the 
cord.  In  some  cases  the  affection  is  not  restricted  to  the  soft  meninges, 
but  the  dura  also  is  involved.  In  practically  all  cases  there  is  mental 
deterioration.  In  various  chronic  intoxications  such  as  alcohol  and 
lead  and  following  trauma,  meningo-encephalitis  may  be  observed. 
Mott1  has  shown  that  in  sleeping  sickness  (see  Trypanosomiases,  p.  167) 
there  is  a perivascular  and  meningeal  infiltration  with  lymphocytes 
and  plasma  cells  and  a lymphangitis  which  interferes  with  the  flow  of 
lymph  and  increases  the  intracranial  pressure.  The  wasting  of  the 
cortex  seen  in  general  paresis  is  absent.  Neuroglia  proliferation  occurs. 

Dementia  paralytica,  paresis,  general  paralysis  of  the  insane,  pro- 
gressive general  paralysis,-  is,  as  the  name  indicates,  a progressive  disease 
m the  terminal  stages  of  which  many  structures  of  the  brain  are  affected; 
conspicuous  among  the  changes,  however,  is  an  inflammatory  or  degen- 
erative lesion  possessing  many  of  the  characters  of  a specific  meningo- 
encephalitis. It  is  closely  related  to  tabes,  indeed  some  writers  maintain 
that  they  are  identical  affections,  the  former  chiefly  manifested  in  the 
brain,  the  latter  in  the  cord. 

The  disease  seems  to  have  some  almost  constant  connection  with 
syphilis.  Some  observers  believe  that  general  paralysis  does  not  occur 
except  in  syphilitics;  others  find  that  in  from  seventy-five  to  ninety-four 
per  cent,  of  all  cases  there  is  a history  of  an  antecedent  specific  infec- 
tion; trauma,  lead-poisoning,  alcoholism,  and  prolonged  mental  strain  have 
also  been  thought  to  be  predisposing  causes. 

. M°rbid  Anatomy. — The  lesions  observed  in  this  affection  vary  con- 
siderable , but  those  most  commonly  noticed  are  cortical  atrophy,  es- 
pecially of  the  frontal  lobes  of  the  cerebrum,  thickening  of  the  dura,  with 
the  formation  in  some  cases  of  a membrane  on  its  inner  surface'  and 
condensation  and  opacity  of  the  pia,  which  is  thickened  and  abnormally 
adherent  to  the  brain-substance. 

Microscopically,  small  collections  of  lymphoid  and  plasma  cells 
surround  and  form  mantles  over  the  blood-vessels,  the  walls  of  which 
constantly  show  more  or  less  thickening,  particularly  of  the  adventitise. 
Nissl  s statement  that  in  the  absence  of  plasma  cell  infiltration  of  the 
cortex  general  paralysis  can  be  excluded  is  supported  by  the  studies  of 
-Khemdorf.  Destruction  of  many  nerve-cells  of  the  cortex  occurs,  and, 
as  a consequence,  degeneration  of  the  axones  that  pass  from  themj’these 
degenerations  may  be  traced  downward  through  the  brain  and'  cord, 
lhe  tangential  nerve-fibers  lying  in  the  molecular  layer  are,  in  severe 
cases,  almost  entirely  destroyed.  The  protoplasmic  processes  of  these 


Neurol,  from  the  Path.  Lab.  of  the  London 


1 Mott  and  other  contributors,  Arch 
County  Asylums,  London,  1907. 

2 ?aVaff  fnd  GoodS11-  System  of  Medicine,  Allbutt  and  Rolleston,  vol.  viii  in  10 
p.  34.6.  Alzheimer,  Histologische  und  Histopathologische  Arbeiten  iiber  die  Gross- 

krSikheftS  Her?derer  ^erucksichtigung  der  Pathologische  Anatomie  der  Geistes- 
Krankheiten.  Herausgegeben  von  Frantz  Nissl,  vol.  i. 

3 Virch.  Arch.,  Bd.  cxcviii,  1909,  p.  280. 
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cells  are  similarly  affected.  Along  with  these  changes  there  is  con- 
siderable formation  of  fibrous  tissue  in  and  around  the  vascular  processes 
passing  into  the  brain  from  the  pia.  The  neuroglia  cells  are  greatly 
increased  in  number,  and  the  neuroglia  fibers  are  sometimes  thickened. 
The  membranes  show  the  usual  microscopic  evidences  of  chronic  inflam- 
mation. All  these  morbid  changes  in  the  blood-vessels,  neuroglia,  and 
fibers  lead  to  atrophy  of  the  brain;  the  convolutions  become  flattened 
and  shrunken;  the  weight  of  the  organ  is  much  less  than  normal.  The 
most  marked  alterations  are  in  the  motor  area  and  in  the  frontal  lobes. 
The  nerve-cells  of  the  cord  are  often  the  seat  of  marked  degenerative 
changes.  The  meninges  of  the  cord  are  also  much  thickened;  these 
changes  are  especially  marked  in  the  posterior  portion  of  the  cervical 
and  dorsal  cord,  giving  rise  to  pressure  on  the  sensory  nerve-roots,  and 
thereby  often  causing  considerable  pain.  Degeneration  of  tracts,  es- 
pecially of  the  posterior  and  lateral  columns,  has  been  observed  in  a 
large  number  of  cases.  The  proteid  content  of  the  cerebrospinal  fluid  is 
usually  increased,  and  the  studies  of  Siemerling  and  others  have  shown 
that  there  is  an  almost  constant  lymphocytosis  of  this  liquid,  and  that 
during  periods  of  notable  clinical  activity  the  lymphocytes  are  most 
abundant. 

Syphilis  of  the  central  nervous  system,1  exclusive  of  the  parasyphilitic 
affections  (p.  164),  occurs  in  about  two  per  cent,  of  all  cases  of  acquired 
syphilis.  In  the  congenital  form  of  the  disease  malformations  of  the  brain, 
internal  hydrocephalus,  and  imperfect  development  of  the  cortex  are  not 
infrequently  present;  such  patients  are  also  liable  to  the  manifestations 
of  acquired  syphilis.  The  lesions  of  lues  may  be  restricted  to  the  brain, 
or  to  the  cord,  but  in  most  cases  both  organs  are  involved.  The  toxin 
produced  by  the  infecting  organism  exerts  a deleterious  influence  on 
both  motor  and  sensory  neurones  throughout  the  cerebrospinal  axis, 
and  as  these  alterations  are  rarely  exactly  the  same  in  any  two  cases,  it 
is  apparent  that  the  morbid  anatomy  and  clinical  manifestations  of  the 
disease  often  fail  to  conform  to  a definite  series  of  phenomena.  Aside 
from  the  specific  toxic  effect  of  the  poison  on  the  functionating  elements 
of  the  brain  and  cord,  the  changes  in  the  blood-vessels  and  meninges 
indirectly  influence  the  nutrition  of  these  organs.  The  alterations 
occurring  in  general  paralysis  have  already  been  considered  (p.  91 1). 
Obliterative  endarteritis  affecting  particularly  the  branches  in  the  Syl- 
vian areas  is  frequently  observed.  In  this  manifestation  proliferative 
changes  occur  in  the  subintimal  layer  of  the  affected  vessels,  followed  by 
alterations  in  the  endothelium,  hyaline  or  fibro-hyaline  transformation 
of  the  new  tissue,  reduction  in  vessel  lumen,  and  therefore  diminished 
blood-carrying  capacity  and  starvation  of  the  tissues  supplied  by  the 
affected  arteries.  Syphilis  is  a frequent  cause  of  arteriosclerosis  (see 
p.  530)  and,  by  inducing  degenerative  changes  in  the  vessels  of  the  brain, 
notably  predisposes  to  cerebral  hemorrhage  (see  p.  903).  Thrombosis 
and  softening  are  often  of  syphilitic  origin.  Even  in  the  earlier  stages  of 
the  affection  a syphilitic  meningitis  may  occur;  in  late  syphilis  chronic 
meningeal  inflammation  and  gummatous  meningitis  are  sometimes 
observed.  The  so-called  parasyphilitic  diseases  of  the  central  nervous 
system  are  general  paralysis  and  tabes  dorsalis.  Mott  observes  that 

1 Nonne,  Syphilis  und  Nervensystem,  Berlin,  1909.  Mott,  Arch,  of  Neurol, 
and  Psychiatry,  vol.  iv,  1909.  Power  and  Murphy,  System  of  Syphilis,  London, 
1910. 
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while  it  is  customary  to  divide  syphilis  of  the  nervous  system  into  cerebral 
and  cord  forms,  as  a matter  of  fact  both  are  commonly  concurrent.  The 
most  frequent  form  of  syphilis  of  the  cord  is  a meningomyelitis  character- 
ized by  softening,  congestion,  and  edema,  often  focal,  or  limited  to 
small  areas,  especially  in  the  lumbo-thoracic  region.  Histologically  the 
affected  areas  are  the  seat  of  lymphocytic  accumulation,  degeneration 
of  tne  myelin  and  swelling  of  the  axis-cylinders;  proliferation  of  the 
g ia  occurs  early  m the  process,  but  is  generally  conceded  to  be  secondary 
o cell  infiltration,  and  degenerative  and  necrotic  changes.  The  pia  and 
aiac  noid  are  frequently  thickened,  infiltrated  with  lymphoid  and  plasma 
cells  and  m some  cases  there  is  a notable  exudate.  Obliterative  changes 
m the  vessels  are  similar  to  those  already  described  as  occurring  in 
, 6 ram-  en  the  condition  has  persisted  for  a considerable  time, 
t e areas  of  primary  infiltration  are,  by  proliferation  of  neuroglia,  con- 
ver  e into  sclerotic  areas,  from  which  secondary  degenerations  commonly 


i • ,UITa  5**®  brain  varies  in  size  from  a microscopic  collection  of  lym- 
p oid  cells  and  fibrohyaline  tissue  to  masses  5 cm.  to  10  cm.  in  diameter, 
n gross  gummata  the  consistency  is  rarely  uniform,  the  periphery  being 
so  , succu  ent,  and  vascular,  and  the  center  dry,  firm,  relatively  bloodless, 
pale,  ancl  hyaline  or  containing  yellowish  caseous  areas.  Histologically 
G ^Vmi?la  1S  composed  of  masses  of  lymphoid  and  plasma  cells, 

spindle-shaped  and  stellate  connective-tissue  elements,  and  a fibrohyaline 
ma  rix.  ie  } ounger  cell  masses  are  at  the  periphery  and  the  fibrous  or 
rrohyahne  and  caseous  material  near  the  center.  Giant  cells  are 
occasionaHy  present  but  often  are  inconspicuous.  It  is  probable  that 
gummata  may  be  infected  by  tubercle  bacilli,  and  that  therefore  mixed 

wt Jwv°CCUr'  ,The  largfr  masses  Press  upon  and  destroy  tracts,  interfere 
with  the  vascular  supply  to  contiguous  tissues,  and  may,  in  this  way, 

be  associated  with  softening. 

PrmliberC?l0S!S  °f  ^ Sentral  Nervous  System.1— Coincident  with  the 
eruption  ol  miliary  tubercles  m the  meninges,  lesions  of  the  same  character 

b15am'substance;  the  cortical  portions  are  most 
diseasprf ^ T11  tedr  thougb  m 1some  instances  the  deeper  parts  are  also 
softp-n pH  iJ+t  mihaT/  tubercles  are  gray  or  yellowish-white,  and  are 
softened  m the  center;  hemorrhages  sometimes  occur  around  them 
they  are,  of  course,  surrounded  by  an  area  of  inflammatory  tissue.  The 
ottened  areas  may  coalesce,  and  much  larger  tubercles  result.  However 

but  fewtuberH«  tubercles  generally  occur  as  a result  of  the  fact  that 

nrn+rZ  ^heTcles  werG  Pref  nt>  and  the  disease  consequently  ran  a very 

tC,?KrSe’  ,and  6a,Ch  l6Si0n  had  Sufficient  to  become  large7 

rebemb  egth  learSUl°maS  ,(P'  I28);  al5°  °alled  conglomerate  tubercle!, » 
resemble  the  smaller  ones,  but  may  become  infected  by  pyogenic  organisms 

and  aS  a consequence  their  contents  sometimes  become  pufiW  they  are 

^ cerebellum.  Microscopically,  the  tubercles  of  the 

elsewhere  Tu  wf  ! “ eV6ry  Way  conform  to  similar  bodies  occurring 

ehewhere^  Tuberculous  menmgtt.s  may  occur  independently  of  lesion? 

the  brain  or  cord,  and  is  sometimes  due  to  direct  extension  from 

contiguous  osseous  structures,  especially  in  the  bodies  of  the  vertebra 

In  a general  way,  tuberculosis  of  the  meninges  follows  the  usual  types 


Laiguel-Layastine,  Rev.  de  Med.,  March  10,  1006.  Renaud  RPv  a„  u.j 
N°-  2>  I9°7-  , Raymond  and  Guevara-Rajas,  L’Encephale  March  ’■>-  n-  e<^’ 
Barbacci,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  i9o2’,  p 833.  5’  9 7’  P‘  226’ 
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of  tuberculosis  of  the  serous  membranes  (p.  474)-  In  some  cases  miliary 
infiltration  of  the  pia-arachnoid  occurs,  in  other  instances  the  inflammation 
produces  a serofibrinous  exudation;  there  may  be  conspicuous  accumula- 
tion of  fluid  in  the  interstices  of  the  pia  and  arachnoid  and  accumulation 
in  the  ventricles.  A definite  tuberculoma,  or  circumscribed  area  of  chronic 
caseous  tuberculosis,  is  occasionally  seen. 

Multiple  Sclerosis1  (Insular  Sclerosis). — In  this  disease  there  occurs 
throughout  the  entire  central  nervous  system  areas  in  which  the  neuroglia 
is  greatly  increased  in  amount  and  the  individual  fibers  are  thickened  and 
probably  elongated.  As  the  neuroglia  corresponds  to  the  fibrous  tissue 
of  other  parts  of  the  body,  its  hyperplastic  condition  in  these  instances 
may  be  looked  upon  as  analogous  to  the  fibrosis  occurring  in  the  kidney, 
liver,  and  other  organs.  These  sclerotic  changes  may  also  be  compared  to 
those  tumors  of  the  central  nervous  system  called  gliomata,  as  in  both 


Fig.  433. — Disseminated  Sclerosis. 
Areas  of  sclerosis  in  the  pyramids  and  nuclei  of  the  medulla. 


{Gordon.) 

The  sclerotic  areas  are  unstained. 


instances  the  tissue  of  which  the  new  formation  consists  is  hyperplastic 
neuroglia;  indeed,  it  cannot  be  said  that  there  is  any  sharp  line  of  dis- 
tinction between  the  two  conditions — the  two  bearing  exactly  the  same 
relation  to  each  other  that  newly  formed  fibrous  tissue  in  organs  bears  to 
the  fibromata.  The  process,  which  is  a very  chronic  one,  sometimes 
follows  such  diseases  as  influenza,  malarial  and  typhoid  fevers,  but  there 
is  no  conclusive  evidence  that  they  are  the  cause;  the  same  is  true  of 
syphilis  and  trauma.  The  sclerotic  areas  vary  much  in  size,  some  being 
only  microscopic  and  others  involving  an  entire  lobe  of  the  brain;  the 
nodules  may  be  scanty  or  numerous,  often  the  latter,  and  are  irregularly 
distributed  in  both  brain  and  spinal  cord;  they  show  no  tendency  to  follow 
tracts.  In  the  white  substance  the  areas  of  sclerosis,  when  sufficiently 
large,  may  be  detected  by  their  pinkish  color,  and  by  being  considerably 

1 Shoyer,  Jour,  of  Path,  and  Bact.,  March,  1902.  Bielschowsky,  Neurolog. 
Centralbh,  Aug.  16,  1903.  Straiihuber,  Ziegler’s  Beitr.,  1903,  Bd.  xxxiii,  p.  409, 
also  Neurolog.  Centralbh,  Jan.,  1904,  Bd.  xxiii,  No.  2.  Spiller,  Amer.  Jour,  of  Med. 
Sci.,  Jan.,  1903.  Borst,  Lubarsch  and  Ostertag’s  Ergebnisse  der  allg.  Path.  u. 
path.  Anat.,  Neunter  Jahrg.  Abt.  I,  1903,  p.  67.  Muller,  Die  Multiple  Sklerose  d. 
Gehirns  u.  Ruckenmarks,  Jena,  1904.  Collins,  Trans.  Assoc.  Amer.  Phys.,  1906, 
xxi.  Kirpicznik,  Virch.  Arch.,  Bd.  ccii,  H.  3,  1910,  p.  358.  Wegelin,  Deut.  Zeit. 
f.  Nervenheilk.,  Bd.  xxxi,  H.  3 and  4,  p.  313.  Berger,  Jahr.  f.  Psychiatry  u.  Neurol., 
vol.  xxv,  Nos.  2 and  3,  1904.  Taylor,  Jour.  Nerv.  and  Ment.  Dis.,  June,  1906.  Spiller 
and  Woods,  Interstate  Med.  Jour.,  Feb.,  1909. 
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harder  than  the  neighboring  normal  brain  tissue;  in  the  gray  substance 
they  are  so  nearly  the  same  color  as  the  normal  tissue  that  it  is  very 
difficult  to  distinguish  them.  In  some  cases  the  neuroglia  just  beneath 
the  epithelial  lining  of  the  ventricles  becomes  hyperplastic,  and  the  result- 
ing condition  is  called  ependymal  sclerosis.  The  sclerosis  may  be  diffuse, 
giving  rise  to  a condition  of  uniform  thickening,  or  it  may  occur  in  many 
minute  circumscribed  areas;  the  former  variety  of  the  disease  is  called 
smooth,  and  the  latter  granular  ependymal  sclerosis.  There  is  a form  of 
sclerotic  change  known  as  lobar  sclerosis,  affecting  one  or  more  lobes  of 
the  brain,  and  sometimes  the  entire  brain.  The  condition  seems  to  have, 
in  the  beginning,  some  relation  to  the  cerebral  blood-supply,  as  the  lesion 
nearly  always  corresponds  to  the  distribution  of  some  artery.  The  entire 
region  involved  is  very  hard,  the  gyri  are  depressed,  and  the  pia  is  adherent. 

/ 

if- 
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Fig.  434. — Disseminated  Sclerosis.  (Gordon.) 

Areas  of  sclerosis  in  pyramidal  tracts,  Gowers’  tract,  and  direct  cerebellar  tract.  Weigert's  method;  the 

sclerotic  areas  are  unstained. 


Secondary  degenerations  are  more  pronounced  in  this  form  than  in  the 
other  varieties. 

Microscopically,  the  sclerosed  area  is  composed  of  hypertrophic  or 
hyperplastic  neuroglia  fibers  (demonstrable  by  the  method  of  Mallory, 
see  p.  877),  and  the  neuroglia  cells  are  also  greatly  increased.  The 
nervous  elements  show  more  or  less  evidence  of  degenerative  changes; 
the  myelin  sheaths  of  the  nerves  are  largely  destroyed,  but,  strange  to 
say,  the  axis-cylinders  do  not  exhibit,  as  a rule,  marked  alterations; 
they  are,  in  the  majority  of  cases,  preserved,  and  this  integrity  explains 
the  absence  of  secondary  degenerations  in  the  various  tracts.  It  is  to  be 
remembered,  therefore,  that  the  characteristic  histologic  feature  of 
multiple  sclerosis  consists  of  proliferation  of  neuroglia  and  destruction 
of  myelin  sheaths  of  nerve-fibers,  without  system  degeneration  of  any 
tract.  The  morbid  changes  are  more  pronounced  around  the  small 
blood-vessels,  the  walls  of  which  are  usually  thickened  and  frequently 
show  more  or  less  hyaline  transformation.  Compound  granule  cells 
(p.  906)  are  often  found  in  the  sclerosed  areas.  Other  bodies,  the  result 
of  degenerative  change,  are  also  frequently  encountered  in  these  lesions — 
namely,  the  corpora  amylacea.  They  are  rounded  or  oval  structures, 
generally  somewhat  larger  than  nerve-cells,  containing  no  nuclei | 
and  staining  brown  with  iodin,  and  a dark-blue  color  with  toluidin-blue.' 
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Tumors  of  the  brain1  may  be  primary  or  secondary.  Probably  the 
most  frequent  primary  cerebral  tumor  is  a new  growth,  peculiar  to  the 
central  nervous  system,  called  glioma.  The  tumor  is  usually  found  in 
the  cortical  portion  of  the  cerebrum,  and,  as  a rule,  does  not  protrude 


Fig.  435.— Brain,  Myxosarcoma  of  the  Right  Frontal  Lobe  with  Softening  of  Contiguous 

Cortex  (Dr.  Price). 


notably  beyond  the  surface.  On  section  it  is  found  to  consist  of  a gray 
or  grayish-red  substance,  which  often  contains  whitish  spots  and  hem- 
orrhagic foci;  some  parts  of  the  tumor  are  not  uncommonly  of  a gelatin- 

1 Gilbert- Ballet  and  Armand  Delille,  Nouv.  Iconograph  de  la  Salpetriere,  May 
and  June,  1902,  pp.  201-222.  Philippe,  Cestan  and  Oberthur,  Revue  Neurolog., 
Aug.  31,  1902,  p.  810.  Bielschowsky,  Deut.  Zeit.  f.  Nervenheilk.,  1902,  Bd.  xxii. 
Saxer,  Zieg.  Beitr.,  1902,  Bd.  xxxii.  Blackburn,  monograph  entitled  A Study  of 
29  Cases  of  Intracranial  Tumor  found  in  1642  Postmortems  in  Cases  of  Mental 
Disease,”  Washington,  D.  C.,  1903.  Stoerk,  Wien.  klin.  Woch.,  1904,  No.  7,  p.  184. 
Iumucopulo,  Arbeit,  a.  d.  Neuro.  Inst.  a.  d.  Wiener  Univ.,  1904,  Bd.  xi.  Walker, 
Jour.  Path,  and  Bact.,  Nov.,  1904,  p.  8r.  Stertz,  Zieg.  Beitr.,  Bd.  xxxvii,  H.  1,  1904, 
P-  I35-<  Duret,  Les  Tumeurs  de  l’Encephale,  Paris,  1905.  Spiller,  Amer.  Jour. 
Med.  Sci.,  March,  1908.  Bassoe,  Arch.  Intern.  Med.,  Sept.,  1908.  Cushing,  A 
Course  of  Lectures  on  Tumors,  Cancer  Commission  of  Harvard  Univ.,  1909,  p.  23. 
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ous  consistency.  Blood  may  be  extravasated  into  the  tumor  to  such 
an  extent  that  it  has  the  appearance  of  a massive  hemorrhage  into  the 
cerebral  tissue.  It  sometimes  happens  that  the  brain-substance  in  the 


Fig.  436. — Sarcoma  op  Brain. 

Mesial  part  of  inferior  frontal  convolution.  (Dr.  Funke's  case.)  A.  Tumor,  in  the  left  half  of  which 

considerable  hemorrhage  has  occurred. 

vicinity  of  the  tumor  is  more  or  less  softened  as  a result  of  the  pressure 
exerted  by  the  neoplasm. 

Microscopically,  these  tumors  consist  of  hyperplastic  neuroglia; 


Fig.  437. — Sarcoma  op  Brain. 

Mesial  part  of  inferior  frontal  convolution.  (Dr.  Funke's  case.)  .4.  Cellular  areas;  mostly  spindle  cells. 
B-  Areas  of  hyaline  fibrous  tissue.  C.  Large  blood-channel.  There  are  many  smaller  channels,  some 
of  which  have  ruptured,  causing  interstitial  hemorrhage. 


there  is  an  enormous  increase  in  the  number  of  the  glia  cells,  and  the 
neuroglia  fibers  around  them  are  thicker  than  normal  and  are  far  more 
numerous  than  in  the  normal  brain.  In  the  center  of  the  tumor  nerve- 
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cells  and  axis-cylinders  are  usually  absent  but  if  the  growth  gradually 
merges  into  the  contiguous  nervous  substance,  as  it  not  infrequently  does, 
the  edges  of  the  tumor  contain  these  elements,  and  the  margin  of  the 
neoplasm  is  proportionately  diffuse  and  ill-defined.  The  blood-vessels 
are  usually  very  large  and  numerous;  their  walls  often  show  hyaline 
degeneration,  and  the  outer  coats  are  sometimes  thickened. 

If  the  tumor  contains  nerve-cells,  with  or  without  nerve-fibers,  it  is 
called  ganglionic  neuroglioma.  If  such  neoplasms  involve  the  white 
matter  of  the  convolutions  or  the  centrum  ovale,  nerve-cells  are  fre- 
quently present.  These  tumors  resemble  the  simple  glioma,  and,  with 
the  exception  that  they  contain,  in  addition  to  the  neuroglia,  the  other 
elements  of  normal  nervous  substance  in  small  quantity,  they  are  identical. 
(See  Glioma,  p.  316.)  Gliomatous  tumors  appear  to  owe  their  origin  to 
defects  in  development.  The  new  growth  may,  to  a certain  extent, 
present  the  appearance  of  sarcoma;  under  these  circumstances  the  tumor 
is  a mixed  one,  and  may  be  called  a gliosarcoma;  at  present  the  term 
gliosarcoma  is  in  disrepute,  and  I believe  deservedly  so;  it  is  extremely 
doubtful  if  the  two  neoplasms  are  in  any  way  related,  or  are  ever 
concurrent. 

Sarcomata  of  the  brain  occur  with  less  frequency  than  the  gliomata. 
The  tumors  show  the  usual  tendency  to  remain,  in  a measure,  distinct 
from  the  normal  structure  of  the  part,  though  to  a varying  degree  they 
infiltrate  contiguous  tissues,  especially  the  membranes.  The  meninges 
in  the  vicinity  are  often  inflamed,  and  the  adjacent  nerve  substance  is 
usually  more  or  less  softened.  Within  the  tumors,  hemorrhages  and 
softening  often  occur.  In  certain  forms  of  cerebral  sarcoma,  parts  of  the 
neoplasm  become  calcified,  and  the  tumor  is  called  a psammoma  (p.  355). 

Angiomata  of  the  brain  are  usually  quite  small,  rarely  large,  but  may 
be  multiple.  They  appear  as  red,  extremely  vascular  areas  and  are 
probably  of  congenital  origin.  Fibromata  are  very  rare  cerebral  tumors. 
Osteomata,  lipomata,  and  cholesieomata  are  occasionally  seen.  Carcino- 
mata are  usually  secondary;  such  masses  possess  the  architecture  and 
peculiarities  of  the  variety  of  tumors  from  which  they  originated.  A 
not  infrequent  manifestation  of  cancer  results  from  extension  into  the 
spinal  canal  of  secondary  growths  arising  in  the  bodies  of  the  vertebras; 
this  condition  is  commonly  a sequence  of  carcinoma  of  the  mammary 
gland.  Primary  carcinoma  may,  however,  occur,  beginning  in  the 
epithelial  cells  of  the  ventricles.  Secondary  sarcomata  are  also  some- 
times observed.  Tumors  arising  from  pigmented  moles  (p.  353)  fre- 
quently manifest  metastasis  to  the  brain;  the  growths  are  usually  multiple 
(see  Fig.  182,  p.  354).  Both  primary  and  secondary  malignant  tumors 
of  the  brain  are  commonly  infiltrated  by  blood  and  may  be  mistaken 
for  areas  of  hemorrhage.  This  statement  applies  to  most  neoplasms, 
but  is  particularly  true  of  chorioepithelioma  (p.  359). 

Cysts  of  the  Brain.1 — Dermoid  cysts,  which  are  sometimes  multiple, 
are  occasionally  observed  in  the  cranial  cavity.  Cystic  dilatation  of 
the  fourth  ventricle,  due  to  the  occlusion  of  the  orifice  by  which  its  fluids 
are  drained,  sometimes  occurs.  Parasitic  cysts  ( cysticercus  and  hydatid) 

1 Salvador  and  de  Leon,  These  de  Paris,  1903,  No.  358.  Alquier  and  Courtelle- 
mont,  Revue  Neurol.,  June  30,  1904,  p.  635.  Hunt,  Amer.  Jour,  of  Med.  Sci., 
March,  1904,  494.  Sato,  Deut.  Zeit.  f.  Nervenheilk.  1904,  Bd.  xxvii,  p.  24. 
Wollenberg,  Arch.  f.  Psychiatric,  Bd.,  xl,  1905.  Beauduin,  These  de  Paris,  1907. 
Federici,  Riv.  di  Pat.  nervosa  e ment.,  Florence,  Nov.,  1906.  Chotzen,  Neurolog. 
Centralbl.,  1909,  p.  680. 
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may  be  situated  in  the  brain  tissue,  or  choroid  plexus,  or  be  free  in  the 
ventricular  cavities. 

Tumors,  cysts,  gummata,  tuberculomata,  and  actinomycotic  masses 
give  rise  to  important  structural  alterations  in  the  contiguous  brain 
tissue,  and,  if  occupying  certain  locations,  press  upon  tracts  and  induce 
secondary  degenerations  (p.  900).  Irritation  produced  by  the  mass 
may  cause  inflammation  of  the  adjacent  brain  tissue  or  meninges.  Inter- 
ference with  the  circulation  sometimes  causes  softening;  pressure  on 
the  aqueduct  of  Sylvius  prevents  escape  of  fluid  from  the  ventricles  and 
gives  rise  to  internal  hydrocephalus. 

Diseases  of  the  Pineal  Gland. — This  body  is  very  rarely  the  seat  of 
primary  disease.  The  most  frequent  alteration  is  an  increase  in  the 
quantity  of  the  calcareous  material  contained  within  it,  and  cystic  de- 
generation is  sometimes  encountered.  Tumors  are  very  rare,  Pap- 
penheim1  was  able  to  collect  37  cases.  The  neoplasms  may  be  gliomatous. 

THE  SPINAL  CORD. 

Remarks  on  the  Functions  of  the  Gray  and  the  White  Matter  of  the 
Cord. — A comprehension  of  the  diseases  affecting  the  spinal  cord  is 
facilitated  by  a knowledge  of  the  function  of  the  different  parts,  and 
for  this  reason  the  following  brief  summary  is  given:  Anatomically 

the  spinal  cord  consists  of  a central  mass  of  gray  matter,  on  transverse 
section  shaped  something  like  the  letter  H,  surrounded  by  white  substance. 
The  latter  structure  is  uniformly  composed  of  fibers  and  is  therefore 


Fig.  438.  Secondary  Degeneration  of  Posterior  Columns  due  to  Primary  Lesion  in  the  Posterior 

Roots.  {Gordon.) 

The  degenerated  parts  (sclerotic  areas)  are  unstained. 

homogeneous;  a knowledge  of  the  physiology  of  this  part  of  the  cord 
shows  that  the  white  substance  consists  of  tracts  or  systems  of  fibers 
possessing  different  functions.  The  posterior  columns  ( tracts  of  Goll 
and  Burdach ) are  sensory  in  function  and  are  physiologically  connected 
with  the  posterior  root  and  spinal  ganglia,  from  which  the  major  part 
of  the  fibers  arise.  Sensory  stimuli  coming  from  the  peripheral  nerves 
are  transmitted  through  the  spinal  ganglia  and  posterior  root  to  the 
columns  forming  the  posterior  tracts  of  the  cord.  It  will  therefore 
be  seen  that  a lesion  of  the  sensory  pathway,  between  the  spinal  ganglia 
and  the  cord,  or  within  the  latter  structure,  severs  the  fibers  from  their 
ganglion  cells  and  gives  rise  to  a degeneration  of  the  posterior  columns 

1 Virch.  Arch.,  Bd.  cc,  1910,  p.  122. 
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(ascending  degeneration).  The  posterior  columns  conduct  chiefly  the 
stimuli  necessary  to  the  sense  of  touch  and  the  sense  of  coordination  in 
station  and  gait,  and  therefore  a lesion  of  these  structures  interferes  with 
the  transmission  of  sensory  impulses  and  disturbs  the  necessary  con- 
nection between  certain  forms  of  sensation  and  coordinated  motion. 

The  direct  and  crossed  pyramidal  tracts  are  exclusively  motor  in  func- 
tion. As  the  fibers  contained  within  these  areas  originate  in  the  motor 
area  of  the  brain,  a lesion  affecting  the  latter  or  severing  the  fibers  emana- 
ting from  it  necessarily  induces  a descending  degeneration  of  the  two 
tracts  in  the  cord.  Functionally  the  anterolateral  column  (Gowers’ 
tract)  conducts  pain  and  temperature  sensations.  The  posterolateral 
or  direct  cerebellar  tract  is  directly  connected  with  the  cerebellum  and, 
functionally,  controls  the  equilibrium  of  the  body.  The  last  two  tracts 


Fig.  439. — Spinal  Cord. 

Areas  of  sclerosis  due  to  pernicious  anemia.  The  sclerotic  parts  are  unstained.  Weigert’s  method. 


originate  in  the  cells  of  Clarke’s  columns,  transmit  impulses  upward, 
and  consequently  degeneration  affecting  their  fibers  is  of  the  ascending 
type. 

Gray  Matter  of  the  Cord. — The  anterior  cornua  consist  chiefly  of  mul- 
tipolar cells  (p.  873)  the  axis-cylinders  of  which  form  at  their  exit  from 
the  cord  the  anterior  roots;  the  latter  are  continuous  with  the  motor 
fibers  of  the  nerve-trunks  to  the  periphery  of  the  body.  Consequently 
a destructive  lesion  of  the  anterior  cornua  is  followed  by  motor  symptoms 
— paralysis.  On  the  other  hand,  it  is  well  known  that  when  the  an- 
terior cornua  are  diseased,  trophic  disturbances,  especially  in  the  muscles, 
constantly  follow.  Therefore  the  anterior  cornua  have  a double  function 
— motor  and  trophic.  As  to  the  posterior  cornua,  an  isolated  lesion 
of  their  cells  is  rare.  The  function  of  the  cells  of  Clarke’s  columns  is 
mentioned  above. 

Circulatory  Disturbances. — Active  hyperemia  of  the  cord  probably 
occurs  only  in  the  beginning  of  inflammation;  it  is  certain  that  we  know 
nothing  of  hyperemia  from  other  causes.  Passive  hyperemia  may 
result  from  the  recumbent  posture  if  the  individual  be  very  weak.  The 
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cord  would  probably  appear,  under  those  circumstances,  of  a darker 
color  than  normal. 

Anemia  of  the  cord  occurs  under  the  same  circumstances  that  give  rise 
to  a like  condition  of  the  brain;  exhausting  hemorrhages,  chlorosis,  per- 
nicious anemia,  leukemia,  and  all  of  those  diseases  accompanied  by 
lessened  richness  of  the  blood  may  cause  the  condition.  The  affected 
cord  is  paler  than  normal  on  removal,  but  the  warning  given  in  connec- 
tion with  hyperemia  and  anemia  of  the  brain  (see  p.  897)  applies  with 
equal  force  here. 

The  changes  in  the  spinal  cord  accompanying  pernicious  anemia1 
consist  of  a diffuse  degeneration  not  restricted  to  tracts  and  a more 
marked  degenerative  change  the  conspicuous  lesions  of  which  are  situated 
in  the  posterior  and  lateral  columns;  the  alteration  resembles  combined 
sclerosis,  but  lacks  uniformity  in  distribution;  it  is  not  a true  system 
lesion.  The  gray  matter  as  well  as  the  spinal  ganglia  are  notably  not 
affected,  although  marked,  long  continued  cases  usually  show  varying 
degrees  of  chromatolysis  and  tigrolysis.  The  appearances  are  those  of 
a toxic  degeneration.  A similar  but  usually  much  less  intense  lesion 
may  sometimes  be  found  in  severe  secondary  anemia  of  long  duration. 

Hemorrhages  into  the  cord  are  usually  the  result  of  rupture  of  a blood- 
vessel from  injury;  this  is  especially  the  case  if  the  hemorrhage  be  at 
all  large.  Minute  hemorrhages  sometimes  occur  into  the  substance 
of  the  spinal  cord  during  acute  disease;  the  blood  may  be  extra vasated 
into  the  central  canal  of  the  cord.  The  condition  is  called  hemato- 
myelia.-  The  extravasated  blood  causes  dissociation  and  disintegration 
of  the  nerve-fibers  and  cells  of  the  affected  area;  an  inflammatory  re- 
action occurs  in  the  contiguous  tissues,  which  are  infiltrated  with  mono- 
nuclear leukocytes  and  contain  numerous  granule  cells.  If  the  patient 
survive,  the  blood  may  be  absorbed;  a cyst  sometimes  forms,  and  the 
glia  at  the  margin  of  the  lesion  proliferates.  As  a result  of  the  destruc- 
tion of  fibers  secondary  degenerative  changes  develop. 

Myelitis  or  inflammation  of  the  cord3  may  be  acute,  subacute,  or  chronic, 
depending  on  the  cause.  The  acute  and  subacute  forms  occasionally 
become  chronic.  There  are  several  varieties  of  myelitis  that  show 
sufficiently  distinctive  features  to  merit  separate  description,  but  the 
form  meant  when  the  term  myelitis  is  used  without  qualification  will 
be  first  considered. 

Perhaps  the  most  frequent  cause  of  myelitis  is  injury  to  the  cord. 
Closely  related  to  this  are  those  inflammations,  always  more  or  less 
chronic,  that  are  the  result  of  the  long-continued  pressure  of  tumors, 
aneurysms,  and  cysts,  and  of  the  compression  exerted  by  deformed  verte- 
brae in  caries  of  these  bones. 


p 217Billin^s’  Chicago  Med.  Recorder,  Jan.,  1903,  p.  1.  Taylor,  Brain,  Spring,  1904, 

- Bruce,  Scottish  Med.  and  Surg.  Jour.,  Aug.,  1902,  p.  107.  Laignel-Lavastine 
Nouv  Iconograph.  de  la  Salpetriere,  May  and  June,  1904.  Collins  and  Zabriskie 
Me<YTAeCOrd’  ^ept'  3’  I9°4,  P-  361-  Dorr,  Inaug.  Diss.,  Zurich,  1906. 

3 Erb,  Brit.  Med.  Jour.,  Oct.  11,  1902,  p.  1114.  Singer,  Brain,  1902,  Part  II, 
332.  Stewart,  Trans.  Path.  Soc.  of  London,  1902,  vol.  liii.  p.  1.  Weill  and  Galla- 
vardin,  Revue  Neurolog.,  Oct.,  1903,  p.  999.  Collier,  Brain,' Spring,  1904.  Rhein 
Lmv.  of  Penna  Med.  Bull.,  Jan.,  1905,  p.  373.  Clement,  Lyon.  Med.,  March  12’ 
1905.  Kmck,  Jour.  f.  Psychol,  u.  Neurol.,  Bd.  xii,  1908,  p.  20.  Allen  Univ’ 
Penna.  Med.  Bull.,  April,  1908,  p.  92.  Sewell  and  Turnbull,  Proceed.  Royal  Soc 
Med.,  Jan.,  1910,  vol.  ni,  No.  3.  Kawashima,  Virch.  Arch.,  Bd.  cc  H.  3 Tune 
1910,  p.  461.  Olmer,  Rev.  Neurolog.,  July  30,  1910,  p.  65.  ’ ’ 
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Myelitis,  secondary  to  inflammations  of  the  pia-arachnoid,  often 
occurs;  it  is,  therefore,  present  in  cerebrospinal  meningitis,  tuberculous 
meningitis,  and  other  infective  lesions  of  these  membranes.  In  such 
conditions  as  pyemia,  septicemia,  and  other  diseases  in  which  bacteria 
are  present  in  the  blood,  myelitis  is  occasionally  observed;  it  is  occasion- 
ally of  a suppurative  character,  and  is  accompanied  by  a similar  process 
in  the  cerebral  tissues.  To  this  class  probably  belong  those  inflammations 
of  the  cord  that  follow  smallpox,  rheumatism,  typhoid  fever,  and  typhus 
fever.  Sexual  excesses,  the  suppression  of  the  menses,  and  cold  are  sup- 
posed sometimes  to  occasion  the  disease;  at  most  they  are  nothing  more 
than  predisposing  factors.  Acute  myelitis  is  probably  always  infective, 
toxemic,  traumatic,  hemorrhagic,  or  embolic.  Syphilis  is  a frequent 
cause  of  the  chronic  form. 

Morbid  Anatomy. — Both  the  white  and  gray  matter  may  be  affected. 
If  the  white  substance  be  alone  attacked,  the  disease  is  called  leukomye- 
litis ; if  the  inflammation  be  confined  to  the  gray  matter,  the  condition 


is  termed  poliomyelitis.  The  entire  thickness  of  the  cord  may  be  dis- 
eased, in  which  case  the  affection  is  called  transverse  myelitis.  If  an 
extensive  area  be  involved,  the  myelitis  is  said  to  be  diffuse;  if  a small 
area  alone  of  the  cord  be  the  seat  of  the  disease,  the  condition  is  termed 
focal  myelitis;  when  many  foci  of  inflammation  are  present,  the  condition 
is  known  as  disseminated  myelitis.  Inflammation  just  around  the  central 
canal  and  extending  more  or  less  into  the  surrounding  gray  substance 
is  called  central  myelitis;  the  anterior  comua  may  be  also  affected  without 
disease  in  other  parts  of  the  gray  matter — anterior  poliomyelitis. 

On  examination,  the  meninges  in  the  vicinity  of  the  diseased  area 
are  found  to  exhibit  more  or  less  evidence  of  inflammation.  The  cord 
is  usually  swollen  and  softened,  and  on  section  presents  a reddish  ap- 
pearance. If  the  inflammation  be  intense,  the  substance  of  the  cord 
is  almost  creamy  in  consistence ; and  if  the  amount  of  blood  extravasated 
into  it  be  considerable,  the  diseased  area  is  said  to  be  in  a state  of  red 
softening.  At  a later  period  the  pigment  contained  in  the  effused  blood 
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undergoes  changes,  converting  the  softened  tissues  into  a yellow,  and 
finally  a white  substance,  and  the  last  two  conditions  are  therefore 
called  yellow  and  white  softening  respectively.  If  the  disease  be  sub- 
acute or  chronic,  the  cord  may  be  either  of  a normal,  increased,  or  dimin- 
ished consistence;  it  usually  presents  a grayish  appearance,  as  a result 
of  proliferation  of  the  neuroglia;  late  in  the  disease  small  cavities  in  the 
affected  area  are  occasionally  encountered. 

Microscopically,  the  blood-vessels  are  found  to  be  greatly  dilated  in 
the  acute  forms,  and  there  is  often  considerable  blood  extravasated  into 
the  affected  tissues.  The  myelin  sheaths  of  the  nerves  swell  and  become 
nodose,  exhibiting  here  and  there  small  areas  of  fatty  degeneration; 
the  axis-cylinders  are  swollen  and  granular,  and  finally  disintegrate. 
The  nerve-cells  at  first  manifest  tigrolysis,  chromatolysis,  and  plasmolysis, 
in  the  order  named,  and  later  are  necrotic  or  fatty;  they  are  vacuolated, 
the  chromophilic  substance  no  longer  stains,  and,  finally,  disintegration 
occurs.  The  glia  cells  in  acute  cases  undergo  but  little  change,  though 
they  are  usually  somewhat  swollen  and  increased  in  number.  As  the 
process  grows  older,  and  if  it  be  pronounced,  there  remains  of  the  original 
nerve  elements  scarcely  more  than  a few  fragments;  compound  granule 
cells  (phagocytes)  may  appear  in  considerable  numbers.  If  the  diseased 
tissues  contain  blood,  many  cells,  called  pigment  granule  cells,  may  be 
seen  containing  the  pigments  of  the  disintegrating  blood.  At  a later 
period  the  granular  detritus  resulting  from  destruction  of  the  nervous 
elements  disappears,  connective-tissue  cells  make  their  appearance, 
more  or  less  fibrosis  occurs,  and  the  neuroglia  fibers  greatly  increase. 
Corpora  amylacea  often  form  in  the  tissues  as  the  process  becomes  old. 

Secondary  degenerations  (p.  900)  of  the  columns  of  the  cord  commonly 
follow  myelitis;  the  nature  and  extent  of  these  depend  on  the  situation 
and  size  of  the  primary  lesion  in  the  cord.  From  the  initial  focus,  what- 
ever its  character,  the  degeneration  proceeds  along  the  nerve-fibers  in 
the  same  direction  in  which  impulses  were  carried  before  the  injury 
occurred,  this  depends  upon  the  fact  that  the  axis-cylinders,  being  es- 
sentially a part  of  the  nerve-cells  from  which  they  take  their  origin,  are 
no  longer  properly  nourished  after  separation  from  the  body  of  the  cells. 
Lesions  of  the  cord,  therefore,  cause  descending  degeneration  in  motor 
fibers  and  ascending  degeneration  in  the  sensory  columns.  As  myelitis 
ma>  affect  any  of  these  structures  it  is  possible  to  have  alterations  re- 
sembling those  observed  in  the  true  system  diseases;  thus,  if  the  posterior 
columns  are  involved,  the  alterations  resemble  tabes.  If  the  lateral  col- 
umns are  affected,  the  form  is  that  of  primary  lateral  sclerosis,  and  when 
both  lateral  and  posterior  tracts  are  attacked,  the  lesion  assumes  the 
characters  of  a combined  sclerosis.  These  varieties  are  observed  only  in 
the  chronic  cases  of  myelitis  after  the  secondary  degenerations  are  def- 
initely established. 

Acute  ascending  paralysis1  (Landry)  is  a name  applied  to  a clinical 
syndrome  the  anatomic  basis  of  which  is  probably  not  always  the  same. 
Li  many  cases  the  clinical  history  and  anatomic  findings  indicate  that 
it  is  a form  of  neuritis  and  should  be  considered  with  inflammations  of 

a 1 SP?Jert  add  Longcope,  Med.  Rec.,  July  21,  1906.  Hall  and  Hopkins,  Tour 
Amer.  Med.  Assoc.,  Jan.  12,  1907,  p.  109.  Buzzard,  Lancet,  March  16  1007 

Bassoe  Trans.  Chicago  Path.  Soc.,  Dec.,  1908.  Savini-Casteno  and  Savini’  Arch 
1.  Psychiatrie,  Bd.  xlv,  1909,  p.  642.  Minet  and  Leclerc,  Rev.  de  Med  xxx  Mav 

1910,  p.  433-  ’ y’ 
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nerves.  In  such  instances  no  conspicuous  alterations  are  found  in  the 
spinal  cord.  In  other  cases  inflammatory  lesions  have  been  observed 
in  the  anterior  cornua  justifying  the  name  acute  ascending  poliomyelitis. 
In  some  of  the  reported  cases  the  motor  nuclei  of  the  brain  were  also 
affected  ( acute  polioencephalomyelitis) . I shall  refer  only  to  the  changes 
that  are  present  in  the  cord  in  cases  in  which  the  anterior  horns  have 
been  found  affected.  All  observers  are  agreed  that  it  is  the  result  of 
intense  toxemia  or  is  due  to  infection.  The  following  organisms  have 
been  isolated  from  the  lesion:  Streptococci,  staphylococci,  typhoid 
bacilli,  the  anthrax  bacillus,  and  a number  of  unidentified  bacteria. 
It  may,  therefore,  be  assumed  that  the  disease  is  often,  if  not  always, 
a manifestation  of  infection. 

j Morbid  Anatomy. — The  cord  frequently  shows  no  gross  evidence  of 
disease;  in  other  cases  some  redness  of  the  gray  matter  and  occasional 
hemorrhagic  areas  in  its  substance  have  been  observed.  Microscopically, 
the  gray  matter  of  the  cord,  medulla,  pons,  cerebrum,  and  cerebellum 
exhibit  the  usual  changes  of  beginning  inflammation.  The  vessels  are  dis- 
tended with  blood,  and  around  many  of  the  smaller  veins  and  the  capillaries 
collections  of  lymphoid  cells  are  usually  present;  the  nerve-cells  manifest 
the  alterations  usual  in  inflammation;  the  white  matter  is  sometimes 
slightly  affected.  Inflammatory  changes  have  been  observed  in  the 
nerve-roots  and  peripheral  nerves. 

Acute  poliomyelitis1  has  been  attributed  to  the  same  general  causes 
believed  to  induce  the  ordinary  forms  of  inflammation  of  the  cord,  but 
there  are  many  facts  indicating  that  it  is  a distinct  disease — the  result 
of  a specific  cause  having  a predilection  for  this  particular  part  of  the 
nervous  system.  Several  experimenters  have  successfully  inoculated 
monkeys  in  which  the  disease  runs  a typical  course,  and  may  be  trans- 
ferred in  series.  The  virus  is  contained  in  the  cord,  brain,  and  mucosa 
of  the  nasopharynx,  passes  through  a Berkefeld  filter,  may  be  preserved 
by  glycerination,  resists  drying  for  at  least  fifteen  days,  and  in  other 
respects  resembles  the  virus  of  rabies.  Its  exact  nature  is  unknown. 
The  disease,  under  natural  conditions,  is  feebly  communicable;  children 
at  about  the  time  of  first  dentition  are  most  susceptible  although  adults 
are  not  immune.  Numerous  epidemics  have  been  observed;  in  some  of 
these  adults  have  occasionally  suffered  and  even  domestic  animals  have 
been  attacked.  Experimental  and  clinical  studies  indicate  that  the  in- 
cubation period  is  between  four  and  thirty-three  days,  the  average 
being  about  ten  days. 

Morbid  Anatomy. — In  acute  cases  the  membranes  are  usually  hy- 
peremic,  especially  in  the  lumbar  and  cervical  enlargements.  In  autop- 
sies made  shortly  after  death  the  cord  presents  no  conspicuous  altera- 
tion in  density;  later,  exudative,  vascular,  necrotic,  and  autolytic  changes 
result  in  softening.  The  vessels,  especially  in  the  gray  matter,  are 
intensely  distended  and  minute  hemorrhages  are  present.  If  death 
occur  during  the  attack  the  microscope  shows  that  both  meninges  and 

1 Lovett  and  Lucas,  Sect.  Surg.  and  Anat.,  Amer.  Med.  Assoc.,  1908.  Romer 
and  Joseph,  Munch,  med.  Woch.,  Feb.  15,  1910,  p.  347.  Flexner  and  Clark,  Jour. 
Amer.  Med.  Assoc.,  Feb.  18,  1911.  Strauss,  Pediatrics,  Aug.,  1910.  Gay  and 
Lucas,  Arch.  Intern.  Med.,  Sept.  15,  19x0.  Robertson  and  Chesley,  Arch.  Intern. 
Med.,  Sept.  15,  1910,  p.  233.  Landsteiner  and  Levaditi,  Ann.  de  l’lnst.  Pasteur, 
Nov.,  19x0,  No.  11,  p.  833.  Flexner  and  Lewis,  Jour.  Exper.  Med.,  vol.  xii,  No.  2, 
1910.  Flexner,  Jour.  Amer.  Med.  Assoc.,  Sept. '24,  1910,  p.  1103.  Frost,  Public 
Health  Bull.,  No.  44,  Feb.,  1911. 
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cord  are  affected.  The  former  usually  present  a round  cell  perivascular 
infiltration.  Although  the  white  matter  is  involved  the  most  striking 
lesions  are  in  the  gray  matter,  especially  in  those  areas  corresponding  to 
the  origin  of  nerves  supplying  the  paralyzed  muscles.  Lymphoid  in- 
filtration occurs  in  the  anterior  and  posterior  horns  and  in  the  commissure. 
The  nerve  cells  at  first  show  swelling,  loss  of  chromophilic  substance, 
granular  protoplasm,  and  imperfectly  stained  nuclei;  later  these  cells 
undergo  necrosis,  and  are  surrounded  or  infiltrated  by  leukocytes,  most  of 
which  are  mononuclear  and  of  the  lymphoid  type,  although  the  poly- 
nuclear variety  may  participate.  Areas  of  rhexis  are  often  conspicuous. 
In  animals,  and  in  some  cases  in  man,  similar  changes  are  present  in  the 
medulla  and  brain.  The  intervertebral  ganglia  show  diffuse  and  nodular 
infiltration  by  lymphocytes  which  are  particularly  abundant  about  the 
nerve  cells  and  fibers,  both  of  which  may  be  degenerated  and  necrotic. 
The  most  conspicuous  clinical  phenomenon  is  the  muscular  paralysis 
and  as  the  affection  predominates  in,  although  not  restricted  to,  child- 
hood, it  is  called  infantile  paralysis.  In  cords  examined  long  after  the 
acute  stage  the  affected  areas  are  firmer  than  the  contiguous  cord;  the 
glia  cells  and  fibers  are  notably  increased  and  the  nerve  cells  normally 
present  proportionately  decreased  or  in  areas  absent.  An  interesting 
feature  of  this  disease  is  that  the  motor  cortex,  in  connection  with  the 
destroyed  areas  in  the  cord,  appears  in  the  course  of  time  to  undergo  more 
or  less  atrophy.  The  peripheral  nerves  arising  from  the  affected  nerve 
cells  naturally  degenerate  and  the  muscles  supplied  atrophy.  As  the 
permanent  paralysis  depends  upon  the  location  and  extent  of  the  nerve 
cell  destruction,  and  as  many  cells,  primarily  involved,  recover,  the  muscle 
disturbance  is  most  marked  at  the  height  of  the  attack  and  muscles 
initially  paralyzed  may  later  be  restored. 

Chronic  Anterior  Poliomyelitis1  ( Progressive  Muscular  Atrophy  of 
Spinal  Origin). — -Closely  related  to  acute  anterior  poliomyelitis  in  the 
seat  of  its  spinal  lesions  is  the  disease  known  as  progressive  spinal  muscu- 
lar atrophy.  It  is  not,  however,  at  all  certain  whether  the  changes  in 
the  gray  matter  of  the  cord  are  to  be  regarded  as  of  an  inflammatory 
or  of  a degenerative  kind,  and  it  would  therefore  be  obviously  incorrect 
at  the  present  time  to  class  them  with  the  inflammations;  notwithstand- 
ing the  uncertainty  that  still  exists  respecting  its  character,  the  disease 
is  called  chronic  anterior  poliomyelitis.  In  this  connection  attention 
should  be  directed  to  the  fact  that  injury,  overwork,  exposure  to  cold,  or 
an  attack  of  any  of  the  infectious  diseases  are  regarded  as  the  most 
frequent  causes  of  the  affection;  as  these  are  precisely  the  etiologic 
factors  generally  looked  upon  as  being  most  potent  in  the  production  of 
ordinary  myelitis,  and  as  the  lesion  of  progressive  muscular  atrophy 
could  be  very  well  the  result  of  an  inflammatory  condition,  it  certainly 
requires  no  very  great  stretch  of  the  imagination  to  conceive  a closer 
relation  between  the  two  than  is  generally  supposed. 

Morbid  Anatomy . — The  gross  changes  in  the  cord  are  never  very 
intense;  hyperemia  is  absent;  in  marked  cases  the  anterior  cornu  may 
be  manifestly  smaller  than  normal.  Histologically,  the  conspicuous 
changes  involve  the  motor  cells  of  the  anterior  cornua.  Mott  states 
that  of  the  three  groups  of  cells  occupying  the  anterior  horn,  the  outer 

1 Mott,  Practitioner,  May,  1904,  p.  639.  Herbert,  Morley,  Fletcher  and  Batten 
Bram  1903,  Part  IV,  p.  473.  Bertolotti,  Nouv.  Iconograph.  de  la  Salpetriere 
Jan.-Feb.,  1909.  1 ’ 
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and  middle  disappear;  those  of  the  inner  group  are  less  involved.  Nor- 
mal and  wasting  cells  sometimes  lie  side  by  side.  The  ganglion  cells  in 
process  of  disappearing  are  the  seat  of  tigrolysis,  chromatolysis,  and  plas- 
molysis.  Later  pigmentation  appears  within  the  cell,  and  finally  small 
granules  occupy  the  spaces  previously  filled  by  the  cells.  As  the  ganglion 
cells  waste  the  neuroglia  proliferates.  The  condition  is  believed  to  be 
a primary  decay  of  the  neurons.  The  alterations  in  the  muscles  are 
those  of  a progressive  atrophy  (p.  819).  The  nerve-trunks  to  the  affected 
areas  contain  about  half  the  normal  number  of  fibers,  and  these  are 
sensory. 

Amyotrophic  lateral  sclerosis1  is  characterized  by  destruction  of 
the  anterior  cornua  and  sclerosis  of  the  motor  tracts;  it  is,  therefore,  a 
chronic  anterior  poliomyelitis  with  degeneration  of  the  pyramidal  col- 
umns. In  advanced  cases,  of  long  duration,  changes  have  been  ob- 
served in  the  medulla,  pons,  crura,  internal  capsule,  and  even  in  the 
cells  of  the  motor  area  in  the  cortex.  The  first  manifestations  of  the 
disease  are  usually  observed  in  the  cervical  cord,  although  it  may  begin 
in  the  medulla.  In  some  cases  the  onset  is  in  the  anterior  cornua,  in 
others  the  pyramidal  tract  appears  to  be  first  involved;  the  disease  is 
essentially  progressive.  It  will  be  observed  that  in  chronic  anterior 
poliomyelitis — at  least  in  the  earlier  stages — the  lower  motor  neuron 
alone  is  involved,  while  in  amyotrophic  lateral  sclerosis,  both  upper  and 
lower  segments  participate  in  the  degenerative  and  sclerotic  process. 

Progressive  Bulbar  Paralysis  ( Glossolabiolaryngeal  Paralysis) . — Very 
closely  related  to  progressive  muscular  atrophy  is  a disease  of  the  medulla 
known  as  progressive  bulbar  paralysis.  It  attends  conditions  similar 
to  those  accompanying  progressive  spinal  muscular  atrophy,  and  even 
passes  into  it  by  gradual  stages,  or  vice  versa.  In  fact,  the  only  difference 
between  the  two  seems  to  be  the  mere  accident  of  location,  one  affecting 
principally  the  cervical  region  of  the  spine,  and  the  other  the  medulla, 
which  is  but  the  cord  continued  into  the  skull.  With  the  exception  of 
the  difference  in  location,  the  two  affections  have  exactly  the  same  gross 
and  microscopic  anatomy.  The  disease  is  characterized  by  a primary 
and  systematic  lesion  of  the  nuclei  of  the  cranial  motor  nerves  located 
in  the  lower  half  of  the  medulla,  namely,  of  the  seventh,  ninth,  tenth, 
eleventh,  and  twelfth  nerves.  According  to  Charcot,  the  lesion  of  the 
nucleus  of  the  hypoglossus  is  the  most  pronounced.  The  changes  in  the 
cells  of  the  affected  nuclei  are  identical  with  those  occurring  in  the  gang- 
lion cells  of  the  cord  in  anterior  poliomyelitis.  The  roots  of  the  nerves 
which  emerge  from  the  nuclei  undergo  atrophy  and  sclerosis.  The 
muscles  supplied  by  diseased  nerves  also  undergo  atrophic  changes, 
which  consist  of  fatty  degeneration  and  disappearance  of  muscle  substance, 
proliferation  of  the  nuclei  of  the  sarcolemma,  and  increase  of  adipose 
and  fibrous  connective  tissues.  These  changes  are  found  in  the  muscles 
of  the  lips,  tongue,  pharynx,  and  larynx. 

Insular  Scleroses  of  the  Cord. — In  discussing  insular  sclerosis  of  the 
brain  (p.  914)  mention  was  made  of  the  fact  that  here  and  there  small 
areas  in  the  cord  were  also  affected,  and  it  will,  therefore,  not  be  neces- 
sary again  to  refer  to  a spinal  form  of  the  affection. 

! Mott,  Practitioner,  May,  1904,  p.  639.  Spiller,  Umv.  of  Penna.  Med. 
Pull.  Jan.,  1905,  p.  390.  Collins,  Amer.  Jour,  of  Med.  Sci.,  June,  1903.  Raymond 
and  Cestan,  Rev.  Neurolog.,  May  30,  1905,  p.  304. 
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Tabes,1  also  called  posterior  spinal  sclerosis  and  locomotor  ataxia,  is  the 
most  common  and  typical  of  the  system  diseases  affecting  the  cord. 
The  process  is  clearly  traceable  to  syphilis  in  from  eighty  per  cent,  to 
ninety  per  cent,  of  the  patients;  it  is  also  possible  that  alcoholic  ex- 
cesses, exposure  to  cold,  over-exertion,  and  injury  are  responsible  for  a 
small  percentage  of  the  cases.  There  has  been  an  increasing  tendency 
to  attribute  all  cases  of  tabes  to  syphilis;  the  same  is  true  of  paresis. 
This  was  the  view  of  Fournier  thirty  years  ago;  Erb  and  many  equally 
close  students  of  the  subject  at  first  strongly  opposed  the  idea,  later  to 


Fig.  441. — Spinal  Cord,  Showing  Posterior  Sclerosis. 

Tissue  was  hardened  in  Muller’s  solution;  section  stained  in  alkaline  toluidin-blue.  a,  a.  Normal  nerve- 

fibers.  b.  Sclerotic  area. 


become  converts  to  the  doctrine.  The  Wassermann  test  has  added 
support  to  the  belief  and  clinicians  have  generally  accepted  the  syphilitic 
origin  of  the  disease.  Bury  and  Ramsbottom  assert  that  in  syphilitic 
cases  a lymphocytosis  of  the  cerebrospinal  fluid  is  present.  Experience 
in  cytodiagnosis  indicates  that  this  is  a slender  thread  on  which  to  hang 
generalization.  Exactly  how  the  syphilitic  poison  induces  the  change 
has  not  been  definitely  determined.  The  theory  that  the  lesion  was 
primary  in  the  ganglia  of  the  posterior  roots  has  not  been  supported 

‘Marie  and  Guillain,  Revue  Neurolog.,  Jan.  31,  1903,  p.  49,  also  discussion 
p.  103.  Mott,  Arch,  of  Neurology  of  London  County  Asylum,  1903.  Weigert, 
Neurolog.  Centralbl,  Aug.  16,  1904,  p.  738.  Erb,  Berl.  klin  Woch.,  1904,  Nos. 
1 to  4.  Mobius,  Jahr.  der  in.  und  ausland.  Gesam.  Med.,  Jahrgang,  1904,  Heft  1. 
Gowers,  Brit.  Med.  Jour.,  July  8,  1905,  p.  57.  Henderson,  Jour.  Path,  and  Bact., 
1905,  vol.  x,  p.  2 1 1.  Terrier,  The  Lumeleian  Lectures,  beginning  in  the  Brit. 
Med.  Jour.,  March  31,  1906,  p.  721.  Williams,  Lancet,  Sept.  19,  1908.  Bury  and 
Ramsbottom,  Quarterly  Jour,  of  Med.,  Oct.,  1909,  p.  27. 
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by  the  results  of  extended  inquiry.  It  has  been  supposed  that  the 
posterior  roots  are  involved  in  a meningeal  inflammation  acting  between 
the  ganglia  and  the  point  where  the  fibers  enter  the  cord,  probably  in 
the  arachnoid. 

Morbid  Anatomy. — On  removal  the  cord  generally  presents,  in  ad- 
vanced cases,  a striking  diminution  in  its  anteroposterior  diameter, 
owing  to  the  fact  that  the  sclerosed  tissue,  replacing  the  nerve-fibers, 
occupies  less  space  than  the  normal  nerve  substance.  The  newly  formed 
tissue  is  also  of  a darker  color  than  the  neighboring  normal  parts,  and  on 
section  its  consistence  is  found  to  be  increased.  The  disease,  as  a rule, 
first  appears  in  the  lumbar  region,  and  is  most  intense  in  this  situation; 
however,  in  severe  cases  the  entire  posterior  columns  of  the  cord  may 
be  involved.  The  posterior  nerve-roots  may  also  show  marked  sclerotic 
change. 

Microscopic  examination  shows  that  the  fibers  of  the  posterior  column 
have  almost  entirely  disappeared,  and  in  their  place  is  a dense  network 
of  neuroglia  tissue.  In  the  early  stages  fatty  particles  may  be  seen 
occupying  the  places  of  the  nerves.  In  the  later  stages  corpora  amylacea 
are  numerous.  In  the  upper  portion  of  the  cord  the  substance  of  the 
entire  posterior  columns  is  not  affected,  the  disease  here  being  limited 
to  the  posterior  median  tracts — column  of  Goll.  Even  in  the  lower 
parts  of  the  cord  some  of  the  fibers  always  escape;  a small  band  just 
beneath  the  pia,  and  on  each  side  of  the  posterior  part  of  the  posterior 
median  septum,  is  usually  intact,  as  are  also  some  fibers  in  the  anterior 
part  of  the  posterolateral  column.  If  the  disease  be  severe  and  of  long 
standing,  more  or  less  sclerosis  may  be  observed  throughout  the  entire 
cord.  For  a more  detailed  description  of  the  minute  changes  occurring 
in  sclerosis  the  reader  is  referred  to  the  article  on  Insular  Sclerosis  of 
the  Brain,  p.  914.  The  gray  matter  is  not  greatly  affected  in  posterior 
spinal  sclerosis,  but  degenerative  changes  occur  in  the  ganglion  cells  of 
the  posterior  cornua  and  in  the  nerve-fibers  of  the  gray  matter,  especially 
those  surrounding  the  vesicular  columns  of  Clarke.  The  nerve-cells 
in  the  spinal  root  ganglia  as  well  as  the  posterior  roots  also  degenerate; 
in  some  cases,  usually  advanced,  the  sensory  nerves  of  the  periphery 
show  similar  alterations.  Arthropathies  (p.  866)  also  occur. 

From  what  has  been  said  it  will  be  seen  that  the  disease  does  not 
affect  the  motor  nerves,  and,  although  incoordination  in  movement  is  a 
symptom  of  the  malady,  the  muscles  are  not  the  seat  of  important 
alterations.  The  incoordination  is  entirely  the  result  of  a failure  of 
the  sensory  nerve  to  convey  the  usual  impulses  to  the  sensorium,  and  a 
consequent  vacillation  on  the  part  of  the  nerve-center,  from  a lack  of 
knowledge  as  to  the  relation  of  the  body  to  surrounding  objects.  See 
remarks  on  physiology  of  the  cord,  p.  919. 

Hereditary  Ataxia1  (Friedreich’s  Ataxia). — As  this  affection  is  of  a 
familial  or  hereditary  nature,  it  seems  highly  probable  that  its  cause 
lies  in  some  error  of  development  or  congenital  tissue  defect.  The 
disease  often  begins  in  childhood  and  adolescence;  Clarke’s  patient  was 
four  years  old  and  in  an  older  brother  the  affection  began  in  the  sixth 
year. 

1 Gower,  Lancet,  April  12,  1902.  Aubertin,  Arch.  Gen.  de  Med.,  1904,  p. 
1992.  Pic  and  Bonnamour,  Nouv.  iconogr.  de  la  Salpetriere,  1904,  No.  2,  p.  127. 
Clarke,  Brit.  Jour.  Children’s  Dis.,  May,  1904.  p.  104.  Griffith,  Brit.  Med.  Jour., 
March  9,  1907.  Robins,  Washington  Med.  Annals,  Jan.,  1907. 
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. . Morbid  Anatomy.  In  this  disease  sclerosis  of  the  posterior  columns 
is  invariably  present,  and,  in  the  main,  the  lesion  is  similar  to  that  of  the 
ordinary  form  of  posterior  spinal  sclerosis.  The  posterior  nerve-roots 
are  also  affected.  In  addition  to  the  sclerosis  of  the  posterior  columns, 
marked  sclerotic  changes  in  the  lateral  motor  and  anterior  columns 
occur,  the  resulting  involvement  of  the  pyramidal  tracts  causes  atrophv 
of  the  muscles  that  are  innervated  by  the  diseased  nerves.  In  the 

scleroses  areaS  ^ microsc°pic  changes  are  the  same  as  in  other 

Primary  lateral  sclerosis1  (primary  spastic  paraplegia)  is  characterized 
by  a sclerosis  of  the  pyramidal  tracts,  both  lateral  and  anterior,  but 
c le  y ateral.  The  cord  presents  the  macroscopic  and  microscopic 
appearances  characteristic  of  all  the  sclerotic  conditions,  and  as  these 
peculiarities  have  been  described  in  connection  with  the  other  forms 
of  sclerosis,  it  would  be  useless  to  repeat  them  here.  The  degenera- 
tion seems  to  be  primary  and  limited  to  the  motor  tract.  In  pure  cases 

the  association  tracts  of  the  cord  are  not  involved  and  the  anterior 
cornua  are  not  diseased. 

Combined  lateral  and  posterior  sclerosis2  (ataxic  paraplegia)  is  a 

disease  closely  related  to  lateral  sclerosis,  and  both  affections  seem  to 
be  produced  by  the  same  causes. 

Morbid  Anatomy  — The  cord  presents  the  combined  lesions  of  pos- 
terior and  lateral  scleroses.  The  lesion  of  the  posterior  columns,  how- 
ever, is  not  identical  with  that  found  in  the  ordinary  posterior  spinal 
sclerosis,  differing  principally  in  the  fact  that  the  disease  is  not  usually 
so  intense,  and  that  the  thoracic  region  suffers  more  than  the  lumbar. 

• he  lesions  m the  lateral  and  anterior  columns  are  quite  variable,  both 

111  en-Slt  and  P?sl)10n’  but,  on  the  whole,  resemble  those  of  lateral  sclerosis 
Diffuse  and  Irregularly  Distributed  Sclerosis  of  the  Cord.— Aside 
trom  the  diffuse  sclerosis  occurring  in  pernicious  anemia,  irregular  and 
unsystematized  areas  of  degeneration  accompany  several  intoxications 

6S  °f  undetermmed  origin.  Occasionally  such  scleroses 
affect  chiefly  one  or  more  tracts  but  fail  to  manifest  that  sharpness  of 
distribution  characteristic  of  tract  diseases.  With  this  group  belong 
the  spmal  cord  lesions  of  pellagra  in  which  conspicuous  changes  occur 
m e anterior  cornua  and  root  ganglia  and  in  the  various  tracts  The 
sclerotic  processes  observed  in  the  cord  in  the  presence  of  tumors  of 

the  brain,  and  especially  of  the  cerebellum,  are  also  of  this  type  (See 
page  919  and  figure  442.)  y ^ ' 

rnrJUnTirS  °f  ^ Cord-  !— 1 GUomata  are  the  most  frequent  tumors  of  the 
they  present  the  same  gross  and  microscopic  appearances  that 
characterize  similar  growths  affecting  the  brain.  The  effects  produced 
epend  of  course,  on  the  size  and  situation  of  the  tumor.  Several 
different  varieties  of  sarcoma  are  occasionally  seen.  Secondary  carcino- 
mata and  sarcomata  are  sometimes  found. 

rareTUberCUl°SiS  °f  ^ C°rd  ^ gummata  maT  occur>  but  are  quite 

Cysts  due  to  both  the  echinococcus  and  cysticercus  have  been  observed 

2 Stnxmpeff  Deut  Zeit.  f.  Nervenheilk.,  Bd.  xxvii,  1904  p 291 

- Russell,  Clinical  Record  (London),  Dec.  20,  1899  Crouzon  q„i 

combmees  de  la  Moelle,  Paris,  1904.  ’ Crouzon,  Des  Scleroses 

3 Hunter,  Brain,  Summer,  1902,  p.  226.  Collins  Med  Romi-a 

1902  Tytler  and  Williamson,  Brit.  Med.  Jour  Feb  7 iofi  n P bJ  6’ 

Annals  of  Surgery,”  June,  1904,  p.  934.  J ’ 7’  I9°3’  P’  301'  Cushmg- 
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Syringomyelia.1 — This  affection  is  characterized  by  the  formation 
of  one  or  more  cavities  in  the  cord.  Concerning  the  cause  of  the  condi- 
tion little  is  known;  it  has  been  attributed  to  (a)  congenital  defect  in 
the  development  of  the  cord,  (b)  gliomatous  softening  in  hyperplastic 
glial  tissue  or  in  a glioma,  (c)  an  inflammatory  process  with  softening 
in  newly  formed  glia,  (d)  hemorrhage  into  the  cord  with  secondary 
softening  (haematomyeloporus),  (e)  disease  of  the  vessels  of  the  cord. 
Any  of  these  conditions  may  produce  cavities  in  the  cord,  but  a mere 
cavity  does  not  fulfil  the  requirements  of  typical  syringomyelia.  Hydro- 
myelia,  a distention  of  the  central  canal,  may  by  pressure,  necrosis,  or 
other  form  of  extension  into  the  contiguous  tissue  of  the  cord,  produce 


Fig.  442. — Spinal  Cord,  Cervical  Region.  Diffuse  Degeneration  Accompanying 

Cerebral  Tumor. 


a picture  not  unlike  syringomyelia.  The  cavity  in  syringomyelia  may 
be  partly  lined  by  cells  indistinguishable  from  those  marginating  the 
central  canal;  such  a condition  might  result  from  extension  of  syringo- 
myelia into  the  central  canal  or  from  extension  in  the  opposite  direction. 
Of  course  an  infectious  origin  has  been  suggested  and  the  resemblance 
to  certain  forms  of  leprosy  urged  in  support  of  such  an  hypothesis. 
The  most  frequent  location  is  in  the  cervical  enlargement,  in  the  vicinity 
of  the  central  canal,  and  in  the  gray  substance  of  the  posterior  com- 
missure. From  this  point  of  origin  the  cavity  usually  extends  into  the 
cornua.  The  white  matter  is  generally  spared,  but  becomes  involved 

1 Bressaud,  Arch.  Gen.  de  Med.,  1903,  No.  52.  Thomas  and  Hauser,  Nouv. 
Iconogr.  de  la  Salpetriere,  1904,  tome  xvii,  No.  6,  p.  376.  Spiller,  Brit.  Med. 
Jour.,  Oct.  20,  1906,  p.  1017,  and  Proceed.  Path.  Soc.  Phila.,  n.  s.,  vol.  x,  1907. 
Schlapp,  Med.  and  Surg.  Rep.  of  Presbyterian  Hosp.  of  City  of  New  York,  vol.  viii, 
1908.  Rhein,  Jour.  Med.  Research,  March,  1908.  Grund,  Deut.  Zeit.  f.  Nerven- 
heilk.,  1908,  Bd.  xxxiv,  p.  304.  Petren,  Virch.  Arch.,  Bd.  cxcvi,  H.  2,  1909,  p.  377. 
Clarke  and  Groves,  Brit.  Med.  Jour.,  Sept.  18,  1909,  p.  737. 
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of  iheV 'fviu-  ,m b ! ° n tj ' hf  cornua  1S  more  or  Iess  complete.  The  extent 
or  Dractirahv  tt,anabfe’  ' 1 ma5i  involve  only  a few  segments  of  the  cord 
/ Serted-qvriL  K en?hu,of  the  organ-  Occasionally  the  bulb 
extends  ahovey7b»  fU-blia'  &,chlesmger  states  that  the  cavity  never 
twelfth  eranll  nucleus,  consequently  only  the  fifth  to  the 

invoked  Thi  ne^es.  ®ver  imphcated.  The  pyramids  may  be 
snlnal  fluid  Ace 13  e led  Wlth  a licluid  analogous  to  the  eerebro- 

StevratL  ° g*  S°me  Writers-  the  excavation  results  from 
. integration  of  an  embryonic  tumor  composed  of  neuroglia  Indeed 

SioamatUousetissueCaSeThthe  “ded  by  a mafs  ms  “g 

fomoressed  S ,1  Th  u £ledulla7  fissure  around  the  excavation  is 

b d flattenedl  the  posterior  and  the  lateral  tracts 

be  mentioned  thP  mgeS' a- AS  * constant  climcal  phenomenon  should 
of  p”in  and  tmndf  °ry  dl.ssoclatIon  which  consists  of  loss  of  the  sense 
01  pam  and  temperature  and  preservation  of  touch.  Pain  and  temnera 

rsfd?batteCOcdUf  eddb?'  Gowers’l tract,  which  comes  from  the ?ppo- 
site  side  of  the  cord  and  traverses  the  white  commissure  As  svrinvo 

myeha  commonly  affects  this  area  of  the  cord,  the  fibers  of  Gowers ’s 

tract  are  always  involved.  Under  the  microscope,  besides  the  gliomat- 

immediAte  vtciJitv^of1  hX8  °!  the  dlS0rgamzed  nervous  tissue  in  the 

cXders  an^mlln  d kV  £ c.ells  of  the  coraua,  denuded  axis- 
?}  If  ’ 1 am/loid  bodies-  An  important  feature  of  syringomyelia 

upJn  thrs°euaorfythee!e?eratl0T, <P'  9°0)  °f  Vari°US  tracts  which  d”pend 
pon  tne  seat  of  the  lesion.  The  meninges  are  usually  intact. 


THE  NERVES. 

in  Serves"®  It  Tmoh^hl  w ^ °f  the  minor  disturbances 

rke“sminatghreeatert°r.IeSS  degr6e  by  the  same  causel  lhat  produce 
like  results  m the  central  nervous  system;  the  quantity  of  the  blood 

HemmrhX  h.e.mc™ased  m the  active  stages  of  inflammation. 
Hemorrhage  into  the  nerves  results  from  injury,  and  is  sometimes 

seen  m infectious  diseases,  especially  the  hemo'rrhagic  septicemias 
A considerable  part  of  the  nerve  may  be  infiltrated  by  blood  which  later 

myel[f°(p.  ffi**™*  S‘mdar  *°  th°Se  described  when  discussing  hemato- 

A ftfr  ^tratl°nS  n/nVeS  are  infrequent  and  of  little  clinical  importance 

Alter  injury  and  following  infection,  calcareous  matter  is  occasional^ 

condUion  ^albTnfihrap11153'  Dawitzk>''  has  fully  described ‘this  rare 
aition.  Tatty  infiltration  is  infrequent;  irregular  collections  nf  fat 

are  sometimes  found  m the  larger  nerves,  and  such  fatty  masses  mav  be 

sufficient  size  to  justify  the  name  lipoma.  After  degenerations 'and 

necroses  the  residual  tissue  of  the  nerve  may  contain  pigment. 

egeneration  of  the  nerves2  follows  any  lesion  which  deprives  the 

fiber  of  its  connection  with  the  ganglion  cell  (see  Wallerian  degenlration 

&119°°  A ,Dls®ases  of  the  ganglion  cell  terminating  in  its  destruction  are 
followed  by  degenerative  changes  in  the  fiber  to  which  the  cells  give 

1 Centralbl.  f.  allg.  Path.  Bd.  xxi,  iqio,  p.  205. 

t>. .+u  ' attwmJcel  and  Kerschensteiner,  Lubarsch  and  Ostertap’s  Fruptnioo.  j 
Path.  u.  path.  Anat.,  Neunter  Jahrg.,  I Abt  iqo?  n - ^ Haifa  se  der  allg. 
Sharpey  Lectures,  Brit.  Med.  Jour.,  beginning  May  i9o]'.  Halllburton-  Ohver- 
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intense  or  long  continued  the  myelin  and  axis  cylinders  of  the  affected 
nerve  degenerate.  In  parenchymatous  neuritis  the  lesion  involves 
the  nerve  fibers;  the  process  may  be  degenerative  rather  than  truly  in- 
flammatory. Interstitial  neuritis  may,  as  indicated  above,  lead  to  and 
terminate  in  the  parenchymatous  form.  As  to  time,  either  type  may  be 
acute  or  chronic.  Sensory  and  motor  forms  of  neuritis  may  be  recog- 
nized but  as  most  nerves  are  mixed  these  subdivisions  offer  no  special 
advantages.  Inflammation  of  the  optic  nerve,  optic  neuritis,  and  of  the 
auditory  nerve,  auditory  neuritis  and  similar  appellations,  are  forms  of 
anatomic  classification.  In  some  cases  a single  nerve-trunk  is  involved, 
and  in  other  instances  a large  number  of  the  nerves  are  affected,  and  the 
condition  is  called  polyneuritis.  When  the  inflammation  tends  to  extend 


origin.  (See  anterior  poliomyelitis,  acute  and  chronic,  pp.  924  and  925.) 
Gradually  applied  pressure,  as  by  growing  tumors,  cysts,  and  inflam- 
matory processes,  also  induces  degeneration  of  the  myelin  and  axis- 
cylinder.  The  metamorphoses  resulting  from  infections  and  toxic 
conditions  are  usually  classed  with  the  inflammations  of  nerves. 

Inflammation  of  the  nerves,  called  neuritis,  may  be  acute  or  chronic, 
interstitial  or  parenchymatous . Interstitial  neuritis,  when  primary,  is 

manifested  by  exudation  and  leukocyte  infiltration  of  the  connective 
tissue  binding  the  nerve  fibers  together.  This  form  is  frequently  due  to 
inflammation  extending  into  the  nerve  from  perineural  tissues.  If 


Fig.  443. — Nerve.  Acute  Interstitial  Neuritis. 

Fixed  in  Heidenhain’s  solution;  stained  with  toluidin-blue  and  eosin.  a.  Normal  nerve-fibers,  b.  Blood- 
vessels. c,  c,  c.  Collections  of  lymphoid  cells  between  the  nerve-fibers. 
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from  the  point  of  origin  toward  the  nerve-centers,  it  is  termed  ascending 
neuritis,  and  when  the  lesion  travels  in  the  opposite  direction,  descending 
neuritis. 

Inflammation  of  the  nerves  may  result  from  a large  number  of  causes, 
all  of  which  cannot  be  enumerated  in  the  space  available.  Certain  of 
these  etiologic  factors  operate  locally;  among  this  group  must  be  included 
trauma,  extension  of  inflammation  from  contiguous  tissues,  and  the 
result  of  cold  and  exposure;  to  this  group  belongs  inflammation  of  the 
facial  nerve,  a refrigeration  neuritis,1  due  to  cold  and  called  Bell’s  palsy. 
The  purposeful  injection  of  osmic  acid  and  allied  agents  to  destroy  ir- 
ritated or  painful  nerves,  and  the  use  of  arsenic  and  like  substances  in 
teeth  to  kill  sensory  nerves,  result  in  neuritis.  Pressure  may  be  a form  of 
trauma.  The  neuritis  occasionally  following  anesthesia  and  due  to  strained 
position  or  pressure  upon  nerves,  that  following  dislocations  and  fractures 
and  due  to  the  primary  injury  or  to  retentive  dressings,  birth  palsy  due  to 
trauma  incident  to  delivery,  crutch  palsy  caused  by  the  pressure  of  a 
crutch  in  the  axilla,  and  similar  conditions,  are  forms  of  traumatic  neuritis. 
The  neural  degeneration  resulting  from  too  tight  bandaging  and  other 
ischemias  may  be  due  to  pressure  but  here  exclusion  of  blood,  suspended 
nutrition,  and  consequent  necrosis  are  important  factors.  The  internal 
causes  are  toxic  substances  affecting  the  nerve  from  the  circulating  blood 
and  lymph.  These  poisons  may  be  of  metabolic  origin,  and  with  this 
group  are  included  those  giving  rise  to  the  neuritis  occurring  in  gout, 
diabetes,  and  uremia.  Of  the  inflammations  of  nerves  due  to  circulating 
poisons  introduced  from  without,  those  resulting  from  ptomain  and 
other  types  of  food  poisoning,  alcohol,  and  the  acute  and  chronic  intoxica- 
tions. by  such  metals  as  arsenic,  copper,  and  mercury  may  be  cited.  A 
definite  group  of  nerve  inflammations  accompany  certain  infectious 
diseases.2  The  nerve  lesion  of  anesthetic  leprosy  (p.  135)  is  a leprous 
neuritis.  In  pyemia,  septicemia,  and  other  mycoses  of  the  blood,  inflam- 
mations of  the  nerves  are  sometimes  observed.  The  nerve  complications 
of  grippe,  typhoid,  pneumonia,  measles,  tuberculosis,  whooping  cough, 
chicken-pox,  mumps,  scarlet  fever,  gonorrhea,  erysipelas,  syphilis, 
malaria,  sleeping  sickness,  and  all  allied  conditions  may  result  from 
immediate  action  of  the  invading  organism,  bacterium  or  animal  parasite, 
or,  what  seems  more  likely,  may  be  due  to  the  action  of  some  toxin  resulting 
thereform.  No  doubt,  unrecognizable  infections  or  infections  of  an 
undetermined  nature  account  for  some,  if  not  all,  epidemics  of  neuritis. 
Of  138  cases  of  multiple  neuritis  in  children,  collected  by  Thomas  and 
Greenbaum,  48  were  due  to  infectious  diseases,  48  were  of  toxic  origin, 


1 Clark,  Amer.  Jour.  Med.  Sci.,  May,  1907 . 

For  a study  of  diphtheritic  neuritis,  see  Aubertin,  Centralbl.  f.  Kinderheilk 
vol.  ix  No.  3;  Babonneux,  These  Fac.  de  Med.  Paris,  1904;  Rolleston,  Practitioner’ 
November,  1904  p 597;  Butler,  Med.  News,  Jan.  21,  1905,  p.  117.  For  typhoid 
neuritis  consult  McCrea,  Amer.  Med.,  Sept.  261903,  p.  503;  Pascoletti,  Gaz.  degli 
Usped.  e delle  Clin.,  March,  1904;  Keen,  Surgical  Complications  and  Sequels  of 
Typhoid  Fever,  1898.  Tuberculous  neuritis,  Clement,  Acad,  des  Science,  Feb. 
6,  1905;  La  Sem  Med.,  Feb.  15,  1905,  p.  79.  Syphilitic  neuritis,  Cestan,  Nouveau 
iconogr.  de  la  SalpStnfere,  1900,  xui,  p.  153.  Malarial  neuritis,  Luzzatto,  Berl. 
Rhn.  YVoch.  April  28,  1902,  p.  375.  Neuritis  following  pertussis,  Eshner,  Tour 
Amer  Med.  Assoc.,  Jan.  10,  1903,  p.  88;  also  Valentin,  Thfcse  de  Paris,  1901.  Neu- 
ritis following  mumps,  Zahorsky,  Interstate  Med.  Jour.,  Sept.,  1903,  also  Dopter 
Gaz.  des  Hop  Aug.  2,  1904,  p.  857.  Influenza,  Mix,  Medicine,  May,  1904.  For 
general  consideration  of  nondiphthentic  multiple  neuritis  see  Thomas  and  Green- 
baum, Jour.  Amer.  Med.  Assoc.,  April  27,  1907. 
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9 were  ascending  palsies,  and  in  33  the  cause  was  not  determined.  Beri  beri1 
or  kakke  is  a form  of  endemic,  sometimes  epidemic,  multiple  neuritis  ob- 
served especially  in  China,  Japan,  certain  parts  of  India,  the  Philippine 
Islands,  and  other  tropical  and  subtropical  countries.  The  most  common 
form  of  multiple  neuritis  is  that  caused  by  alcohol;  the  condition  may, 
however,  be  the  result  of  poisons  other  than  alcohol  and  of  any  of  the 
infective  diseases. 

Morbid  Anatomy. — On  examination  the  inflamed  nerve — especially 
if  the  process  be  acute  and  of  a decided  character — is  found  more  or  less 
reddened  and  swollen.  At  a later  stage  the  nerve  may  shrink  to  a certain 
extent,  owing  to  the  formation  of  fibrous  tissue.  On  microscopic  exam- 
ination the  nerve  presents  changes  the  peculiar  character  of  which  depends 
upon  whether  the  fibers  or  the  interstitial  structures  are  most  affected. 
In  localized  neuritis  the  interstitial  changes  are  usually  pronounced, 
while  in  the  multiple  forms  the  myelin  and  axis-cylinder  (parenchyma) 


Fig.  444. — Longitudinal  Section  of  the  Fig.  445. — Neuritis  Due  to  Chronic  Lead  In- 
Musculo-spiral  Nerve,  Removed  from  a toxication.  {Gordon.) 

Man  Who  Died  as  a Result  of  Alco-  Section  of  musculospiral  nerve.  Weigert’s  stain; 
holic  Multiple  Neuritis.  . the  degenerated  fibers  are  unstained.  The  vessel 

Section  hardened  in  Muller’s  solution;  stained  in  the  left  upper  corner  of  the  illustration  con- 

by  Weigert’s  new  hematoxylin  method,  a,  tains  a nodule  of  arteriosclerosis. 

a.  Showing  remains  of  myelin  sheaths  of 
nerves,  b.  Compound  granule  corpuscles. 

(Queen  obj.,  1/4-in.;  oc.  B.) 

are  primarily  involved.  Either  variety,  if  pronounced,  ultimately  is 
followed  by  the  other. 

In  the  acute  stages  the  interstitial  form  shows  under  the  microscope 
fullness  of  the  blood-vessels,  more  or  less  swelling  of  the  tissue,  and  an 
accumulation  of  leukocytes  in  the  part;  these  cells  are  polymorphonu- 
clear if  the  process  be  suppurative,  and  mononuclear  if  otherwise.  Slight 
extravasation  of  blood  may  occur.  These  changes  are  usually  localized 
along  the  course  of  the  tract  affected,  though  they  may  be  diffused  with 
a certain  degree  of  uniformity.  If  the  inflammation  be  severe,  the  nerve- 
fibers  begin  to  show  changes  that  may  be  either  inflammatory  or  degen- 
erative, it  is  difficult  to  say  which;  the  latter  view  is  generally  accepted. 
The  alteration  first  observed  is  a breaking  up  of  the  myelin  into  irregular 
masses  that  may  or  may  not  be  connected  with  one  another  by  thin 

1 Frolich,  Jour,  of  Hyg.,  Oct.,  ,1907,  p.  634.  Diirck,  Beitr.  zur  path.  Anat.  u.  z. 
allg.  Path.,  Ziegler,  Suppl.,  Oct.,  1908.  Diirck,  Untersuch,  u.  d.  path.  Anat.  der 
Beri  Beri,  Jena,  1909.  Tsunoda,  Centralbl.  f.  allg.  Path.,  Bd.  xx,  No.  8,  1909,  p. 
337- 
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filaments  of  the  same  substance.  If  prepared  by  Marchi’s  method  (p.  892) 
microscopic  sections  show  areas  of  fatty  change.  The  axis-cylinders  are 
usually  interrupted  at  the  points  where  the  myelin  is  divided.  The 
nuclei  of  the  nerve-sheath  increase  in  number.  Gradually,  the  myelin 
further  degenerates,  and,  in  many  parts  of  the  nerve-fibers,  entirely  dis- 
appears; when  this  occurs,  the  primitive  sheath  collapses,  and  ultimately 
the  entire  nerve  may  be  destroyed,  being  replaced  by  fibrous  tissue.  As  the 
process  becomes  older  compound  granule  cells  make  their  appearance 
within  and  around  the  fibers.  If  the  inflammatory  phenomena  be  slight, 
the  nerve-fibers  do  not  suffer  to  so  great  a degree.  In  the  chronic  forms 


Fig.  446. — Chronic  Interstitial  Neuritis,  Showing  Degeneration  in  Some  of  the  Nerve-fibers. 

(Gordon.) 

The  interstitial  tissue  is  everywhere  increased  and  the  perineurium  thickened.  The  patient  had  arterio- 
sclerosis. 


the  fibrous  tissue  is  usually  greatly  increased;  this  condition  is  commonly 
observed  in  the  peripheral  nerves  particularly  of  the  aged,  and  is  often 
associated  with  arteriosclerosis  to  which  it  has*  been  attributed. 

VI  hether  the  neuritis  be  primary  or  secondary  similar  alterations 
are  observed  within  the  nerve-fibers  involved.  Degenerative  changes 
occur  in  the  muscles  supplied  by  the  diseased  nerves.  The  fibers  lose 
their  striation,  become  granular,  fragmented,  and  eventually  fatty;  the 
nuclei  of  the  sarcolemma  and  interstitial  tissue  increase  in  number,  and 
finally  absorption  of  the  degenerated  and  necrotic  elements  leaves  the 
affected  muscles  extremely  wasted.  The  condition  constitutes  one 
form  of  secondary  degeneration  of  muscle  (p.  879). 

Degenerative  changes  in  the  nerve-trunk  follow  various  spinal  and 
many  cerebral  lesions.  The  structural  alterations,  occurring  in  the  nerves, 
differ  in  no  way  from  those  described  in  connection  with  what  is  called 


9 36 


SPECIAL  PATHOLOGY. 


inflammation.  The  interstitial  changes  are,  of  course,  but  slight  in  these 
cases. 

Radiculitis1  or  inflammation  of  the  nerve  roots  is  usually  due  to 
meningeal  inflammation.  In  some  of  the  cases  studied  the  cerebrospinal 
fluid  showed  a marked  lymphocytosis.  The  condition  may  be  acute  or 
chronic.  Camus  recognizes  sensory  and  motor  forms  and,  based  upon 
the  location,  cervical,  thoracic,  lumbar,  lumbo-sacral,  and  sacrococcy- 
geal; cranial  and  disseminated  types  have  been  observed.  The  pseudo- 
neuralgias of  Pott’s  diseases  and  the  lightning  pains  of  tabes  are  due  to 
sensory  radiculitis.  Head  and  Campbell  attribute  some  cases  of  herpes 
zoster  to  radiculitis.  Involvement  of  motor  roots  gives  rise  to  muscle 
weakness  and  in  marked  cases  to  paralysis  and  atrophy. 

Regeneration  of  Nerves.2 — Destruction  of  a nerve  cell  results  in  com- 
plete degeneration  of  the  fibers  arising  from  it,  and  in  the  higher  animals 
regeneration  does  not  occur.  Section  of  a nerve  the  axons  of  which 
are  parts  of  nerve  cells  retaining  their  vitality  is  followed  by  prompt 
evidence  of  repair.  Within  a few  days  following  injury  and  immediately 
succeeding  beginning  degeneration  of  the  distal  segment,  repair  begins. 
All  are  agreed  that  distalward  there  is  a progressive  degeneration  of  the 
myelin  and  contained  axis-cylinder,  and  that,  in  time,  these  are  com- 
pletely removed;  this  process  in  the  distal  segment  is  a manifestation 
of  Wallerian  degeneration  (p.  900).  Proliferation  of  the  neurilemma 
cells — structures  of  great  nutritional  value  to  the  developing  and  contained 
axis-cylinder — begins  on  the  third  or  fourth  day,  the  new  cells  elongating, 
eventually  forming  a new  sheath  of  Schwann,  and  later  reproducing 
myelin.  Proliferative  changes  are  also  observed  in  the  neurilemma  cells  of 
the  proximal  segment  near  the  wound,  and  from  these  and  similar  cells  in  the 
proximal  end  of  the  distal  segment  is  formed  a new  sheath  which  bridges 
the  space  resulting  from  retraction  of  the  two  ends  of  the  severed  nerve. 
The  distal  ends  of  the  divided  nerve  fibers  in  the  proximal  segment  are 
projected,  often  rapidly,  developing  olive-shaped  tips  which,  by  a form 
of  chemiotaxis  known  as  neurotropism,  are  attracted  to  the  newly  formed 
myelin  sheaths  in  the  distal  segment.  It  is  thought  that  the  specificity 
of  neurotropism  is  such  that  filaments  from  motor  fibers  enter  the  myelin 
sheaths  with  motor  terminals,  and  sensory  fibers  are  similarly  lead  into 
myelin  sheaths  possessing  sensory  distribution,  in  either  case  the  axis 
cylinder  is  of  central  origin  and  a part  of  the  nerve  cell — the  nutritive 
and  regenerative  center  of  the  neuron.  Although  not  universally  aban- 
doned the  view  that  axis  cylinders  are  produced  in  a segment  of  a nerve 
not  connected  with  a nerve  cell — autogenous  regeneration — is  not  at 
present  generally  held. 

The  neurilemma  cells  are,  in  some  way,  probably  nutritional,  necessary 
for  the  growth  and  integrity  of  axis  cells  to  which,  however,  they  are  not 
ancestral. 

Tumors  of  Nerves.3 — The  most  frequent  neoplasms  affecting  the 

1 Camus,  Les  Radiculites,  Paris,  1908.  Miraillie,  Jour.  Med.  de  Bruxelles, 
Sept.  10,  1908.  Langdon,  Jour.  Nerv.  and  Mental  Dis.,  Aug.,  1910,  p.  488. 

2 Halliburton,  The  Oliver-Sharpey  Lectures,  Brit.  Med.  Jour.,  May  xi,  1909. 
Wilson,  Anat.  Rec.,  Jan.,  1909,  p.  27.  Head  and  Rivers,  Brain,  vol.  xxxi,  p.  324. 
Kilvington,  Brit.  Med.  Jour.,  June  13,  1908,  p.  1414. 

3 See  Neuromata,  p.  315,  also  Neurofibromatosis,  p.  338,  and  Tumors  of  the 
Brain,  p.  916.  Anthony,  Jour.  Amer.  Med.  Assoc.,  June  13,  1903,  p.  1630.  Frankel 
and  Hunt,  Med.  Record,  June  13,  1903,  p.  925.  Thomas,  Johns  Hopkins  Hosp. 
Bull.,  Aug.,  1903,  p.  204.  Cestan,  Revue  Neurolog.,  Aug.  15,  1903,  p.  745.  Durante, 
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nerves  are  the  so-salled  pseudoneuromata,  of  which  fibroneuromata  are 
the  most  common,  although  myxoneuromata  are  occasionally  observed. 
The  condition  called  neurofibromatosis  (p.  338)  is  manifested  by  numer- 
ous tumors  distributed  in  the  peripheral  nerves.  Amputation  neuromata 
commonly  develop  on  the  ends  of  nerves  in  amputated  extremities;  Du- 
rante has  reported  a case  in  which  neoplasms  of  this  type  developed  on  the 
distal  end  of  the  proximal  segment  and  on  the  proximal  end  of  the  distal 
fragment.  The  tubercula  dolorosa  or  painful  subcutaneous  tubercle  is 
usually  a fibroma  surrounding  a small  nerve  filament.  Carcinoma  and 
sarcoma  sometimes  involve^  nerves  distributed  in  the  tissue  invaded  by  the 
new  growths;  as  a rule,  however,  these  structures  escape  infiltration. 

Nouw  iconogr.  de  la  Salpetricre,  Nov.  and  Dec.,  1903.  Noyes,  Jour  of  Path,  and 
Bact.,  Dec.,  1903,  p.  240.  Beiger,  Arch.  Gen.  de  Med.,  1904,  p.  1367.  Fabris,  Arch, 
per  le  sc.  Med.,  1904,  fasc.  ii.  Rudler,  Nouv.  iconogr.  de  la  Salpetriere,  May  and  June, 
1904,  vol.  xvii.  Hulst,  Psychiatrische  und  Neurologische  Bladen,  1904,  May  and 
June,  No.  3.  Bourcy  and  Laignel-Lavastine,  Soc.  Med.  des  Hop.,  Jan.  13,  1905. 
Meek,  Boston  Med.  and  Surg.  Jour.,  March  30,  1903. 
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REPRODUCTIVE  ORGANS. 

■ " TESTICLES. 

Internal  Secretion.1 — Anorchism  and  castration  in  infancy  or  youth 
result  in  important  developmental  anomalies,  notably  hypoplasia  of 
the  larynx  with  persisting  youthful  voice,  and  abnormal  osteogenesis 
and  imperfect  development  of  the  external  genitalia  and  of  pubic  hair. 
Attempts  have  been  made  to  formulate  a definite  clinical  and  anatom- 
ical syndrome  characteristic  of  testicular  insufficiency.  We  are  as  yet, 
however,  not  prepared  to  speak  with  confidence  of  the  origin  and  nature 
of  the  hypothetical  secretion.  It  is  generally  believed  that  it  is  derived 
from  the  so-called  interstitial  cells2  of  the  testicle.  That  spermatogenesis 
and  the  other  functional  activities  of  the  testicle  are  not  inseparably 
connected  was  shown  by  Griffiths3  who  transplanted  the  testicles  of  a 
dog  into  the  abdominal  cavity,  and  observed  retrogression  of  the  sperma- 
tozoa-producing  power  of  the  organs,  while  at  the  same  time  body  develop- 
ment progressed  as  in  uncastrated  animals.  It  is  probable  that  the  gland 
substance  elaborates  a secretion  or  hormone  which  influences  develop- 
ment of  sex  organs  and  functions  and  that  the  interstitial  cells  produce 
one  or  more  bodies  acting  upon  bone  growth  and  other  factors  in  tissue 
nutrition. 

Malposition  and  Malformation  of  the  Testicle. — Both  testicles  may 
be  absent,  anorchism;  when  one  is  present  the  condition  is  called  monor- 
chism ; the  corresponding  epididymis  and  vas  deferens  are  usually  absent 
also.  Hypoplasia  of  the  testicle  is  more  frequent  than  aplasia.  Poly- 
orchism, more  than  two  testes,  is  exceedingly  rare;  Potarca’s4  patient 
had  three  testicles  (triorchism),  two  on  one  side  (verified  by  operation 
' for  hydrocele)  each  possessing  its  own  vas  deferens,  cord,  and  enclosing 
serosa  but  no  epididymis.  The  term  ectopia  testis,  meaning  a testicle 
i out  of  place,  is  not  constantly  applied  in  the  same  sense';  it  is  used  by 
many  to  indicate  a position  anywhere  but  that  normally  found  in  the 
adult  and  therefore  would  include  all  malpositions  of  the  organ.  The 
testicle  normally  passes  from  a prevertebral  position  to  the  scrotum 
and  may  be  arrested  at  any  point  in  its  migration;  to  such  a condition 
the  term  undescended  or  incompletely  descended  testicle  is  applicable 
although  ectopia  is  also  used.  Others  would  restrict  ectopia  to  indicate 
a maldescent  resulting  in  the  testicle  arriving  at  and  occupying  a position 
at  no  time  held  by  the  normally  placed  organ;  in  this  sense  a perineal 
testicle  is  an  example  of  ectopia  testis,  one  lodged  in  the  inguinal  canal 
would  not  be.  I confess  to  no  sympathy  with  such  confusion.  An 

1 Biedl,  Innere  Sekretion,  Berlin,  1910. 

Branca,  La  Presse  Med.,  Aug.  12,  1905.  Bouin  and  Ancel,  La  Sem.  Med., 
Jan.  31,  1906,  No.  5.  Schmaltz,  Arch.  f.  Mikr.  Anat.,  lxxi.,  No.  1.  Kyrle,  Centralbl’. 
f.  allg.  Path.,  Bd.  xxi,  No.  2,  1910,  p.  54. 

J Jour.  Anat.  and  Phys.,  vol.  xvii,  p.  483. 

1 Sem.  Med.,  May  8,  1907. 
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undescended  testicle  may  be  retained  in  the  belly,  at  the  internal  ring, 
the  external  ring,  or  in  the  canal;  to  these  conditions  the  term  retentio 
testis  or  cryptorchism  is  applied ; it  may  be  unilateral  or  bilateral.  Among 
the  maldescended  testicles,  that  is  attaining  entirely  abnormal  positions,1 
are  (a)  the  superficial  inguinal  testicle  lying  upward  and  outward  from 
the  external  ring  upon  the  aponeurosis  of  the  external  oblique  muscle; 
(b)  the  crural  or  cruroscrotal  testicle  in  the  upper  part  of  Scarpa’s  tri- 
angle, or  near  the  scrotal  fold;  (c)  the  perineal  testicle.  Rarely  both 
testes  pass  through  one  inguinal  canal,  a condition  to  which  Lenhassek 
applied  the  term  transverse  ectopia.  In  Berg’s  patient  both  testes  were 
in  the  sac  of  a hernia;  one  organ  was  much  smaller  than  the  other.  These 
malpositions  have  been  embraced  under  the  term  dystopia  testis.  Mal- 
posed  testicles  are  exceedingly  prone  to  develop  neoplasms,  usually 
malignant.  When  external  to  the  abdominal  cavity  they  are  frequently 
injured. 

Concerning  the  causes  of  malposition  of  the  testicle  little  is  known; 
we  are  not  even  certain  whether  the  testicle  fails  to  develop  and  function- 
ate normally  because  of  its  malposition  or  is  abnormally  situated  because 
it  is  maldeveloped.  Peritonitis,  antenatal  appendicitis  (!),  premature 
closure  of  inguinal  canal,  adhesions,  defect  on  the  part  of  the  gubernacu- 
lum  testis  and  abnormal  intrauterine  pressure  have  been  adjudged 
etiologic  factors. 

Malposed  testicles  are  rarely  normal.  Hypoplasia  or  atrophy  are 
usually  marked  and  spermatogenesis  is  commonly  suppressed  or  absent. 
The  histologic  changes2  are  usually  intense;  the  tubules  are  hypoplastic 
and  often  grouped  in  nodes  which  Pick  called  neoformations.  The 
interstitial  cells  may  be  normal,  wasted,  or  hyperplastic;  sometimes 
they  are  present  in  great  numbers.  Impotence  commonly  attends 
bilateral  cryptorchism  and  when  the  wife  of  a cryptorchid  bears  children 
some  writers  go  so  far  as  to  deny  legitimacy;  Basso  believes  such  a con- 
clusion never  justified  because  of  the  malposition  alone. 

Atrophy  of  the  testicle  is  usual  in  the  aged.  During  the  period  of 
physiologic  activity  testicular  atrophy  may  result  from  many  causes; 
Cumston3  believes  that  antecedent  inflammation  is  the  most  frequent 
etiologic  factor  and  that  gonorrheal  orchitis  is  usually  the  cause.  Tes- 
ticular inflammations  due  to  trauma,  syphilis,  and  that  complicating 
parotitis,  and  chronic  congestion  are  also  causes.  Bertholet4  believes 
that  intemperate  use  of  alcohol  may  produce  wasting  of  the  testicle. 
Pressure  upon  the  organ,  exhausting  diseases,  chronic  inflammation  of 
the  serous  accumulation  in  the  serous  sac  partly  covering  the  organ,  may 
lead  to  atrophy.  It  is  probable  that  the  scleroses  and  consequent  shrink- 
ing of  the  testicle  following  inflammatory  processes  are  not  true  atrophies 
but  fibrous  hyperplasias  consequent  upon  destructive  lesions  affecting 
the  parenchyma. 

Atrophied  testicles  are  usually  small  and  firm,  often  dense  and  resist- 
ing. In  senile  atrophy  induration  may  be  absent.  Histologically  the 
glandular  elements  are  scanty,  spermatogenesis  partly  suppressed  or 
absent,  and  the  interstitial  fibrous  tissue  notably  increased.  The  inter- 

1 Moschcowitz,  Annals  of  Surgery,  Dec.,  1910. 

“ Conforti,  II  Morgagni,  July,  1908;  Matsuoka,  Virch.  Arch.,  Bd.  clxxx,  p.  462, 
I9°5- 

3 Dublin  Med.  Jour.,  May,  1909. 

4 Centralbl.  f.  allg.  Path.,  Bd.  xx,  1909. 
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stitial  cells  may  be  abundant  but  often  are  only  relatively  conspicuous 
because  other  structures  have  become  obtrusive;  in  some  cases  they  too 
disappear.  When  atrophy  of  the  testicle  occurs  in  childhood  or  ado- 
lescence the  usual  evidences  of  developed  manhood  may  be  deficient ; the 
penis  remains  infantile  and  the  pubic  hair  scanty;  the  voice  and  mental 
trend  may  remain  those  of  boyhood.  Such  phenomena  are  attributed 
to  absence  or  inadequacy  of  the  so-called  internal  secretion  of  the  testicle. 
In  the  case  studied  by  Galavardan  and  Rebattu1  traumatic  testicular 
atrophy,  impotence,  infantilism,  and  epilepsy  were  present. 

Hypertrophy  of  the  testicle  may  be  compensatory  to  destruction  or  in- 
activity of  the  other  organ ; otherwise  it  is  doubtful  if  a true  hypertrophy 
occurs.  The  enlargements  due  to  edema,  congestion,  connective-tissue 
hyperplasia,  inflammation,  and  other  morbid  processes  are  not  hyper- 
trophies. 

Hemorrhage  into  the  testicle  may  result  from  contusion  or  other 
form  of  injury,  torsion  of  the  testicle,  and  cord,  thrombophlebitis  of  the 
veins,  hemorrhagic  infarction,  and  like  circulatory  disturbances.  It  may 
accompany  inflammation  (orchitis)  and  occasionally  is  observed  in 
leukemia  and  sepsis.  The  extravasated  blood  may  be  diffused  through- 
out the  organ  or  massed  in  small  collections;  in  contusions  the  scrotum 
also  is  usually  involved.  In  severe  cases  the  testicle  may  become  ne- 
crotic (gangrene). 

Inflammations  of  the  testicle  include  those  involving  the  epididy^mis 
and  so-called  epididymitis,  and  those  affecting  the  testicle  proper  to 
which  the  term  orchitis  is  applied.  Often  both  structures  are  implicated, 
indeed  inflammation  of  one  without  invasion  of  the  other  is  probably 
infrequent  but  either  may  be  so  conspicuously  the  actively  inflamed 
structure  and  the  other  so  little  affected  that  separation  of  the  two  proc- 
esses is  fully  justified.  Inflammations  of  the  epididymis  are  of  frequent 
occurrence;  orchitis  is  much  less  common. 

Epididymitis  may  result  from  blows,  kicks,  and  other  forms  of  trauma  but 
the  usual  cause  is  gonorrhea.  In  1 1,97  22  cases  of  gonorrhea  18.7  percent, 
developed  epididymitis;  it  is  usually  stated  that  the  complication  com- 
monly arises  during  the  second  week  of  gonorrhea  but  in  the  264  cases 
studied  by  Uhle  and  Mackinney  42  occurred  in  the  first  week,  37  in  the 
second  week,  44  in  the  third  week,  19  in  the  fourth  week,  and  63  after 
the  eighth  week.  The  gonococcus  has  been  demonstrated3  in  an  excised 
undescended  testicle.  Instrumentation,  sexual  excitement  or  excesses, 
and  the  use  of  alcohol  apparently  increase  t'he  frequency  of  epididymitis 
as  a complication  of  gonorrhea.  Gonorrheal  epididymitis  is  due  to 
propagated  infection  from  the  urethra  along  the  seminal  passages.  Sim- 
ilar dissemination  of  urethral  infection  may  accompany  other  forms 
of  urethritis.  It  is  possible  that  in  some  cases  the  infecting  organisms 
reach  the  epididymis  without  inducing  inflammation  of  other  parts  of  the 
tract;  in  most  cases,  no  doubt,  the  vas  deferens  and  seminal  vesicles  do 
not  escape  although  clinical  manifestations  of  their  involvement  may 
be  inconspicuous  or  absent.  It  is  remotely  possible  that  lymphogenous 
infection  of  the  testicle  may  occur,  how  or  under  what  conditions  is  not 
known.  Hematogenous  infection  of  the  organ  is  possible  and  necessarily 
depends  upon  an  underlying  bacteremia. 

1 Lyon  Med.,  Jan.  30,  1910. 

2 Collated  cases:  Uhle  and  Mackinney,  N.  Y.  Med.  Jour.,  Feb.  21,,  iqo-. 

3 Murphy,  Boston  Med.  and  Surg.  Jour.,  July  9,  1903. 
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Epididymitis  may  be  unilateral  or  bilateral;  one  side  is  about  as 
frequently  involved  as  the  other;  less  than  ten  per  cent,  of  the  cases 
are  primarily  bilateral  although  after  long  intervals  the  side  at  first 
escaping  may  be  affected,  thereby  raising  the  percentage  of  bilateral 
cases.  The  involved  epididymis  is  swollen,  at  first  boggy  and  later 
dense;  hyperemia  and  leukocytic  migration  are  present.  The  tubules 
are  distended  by  escaped  fluid,  desquamated  epithelium,  and  migrated 
leukocytes.  The  amount  of  interstitial  exudation  and  cell  migration 
varies.  Some  effusion  into  the  serous  cavity  is  usually  present  and  the 
scrotal  tissues  may  also  be  involved.  Rarely  the  process  goes  on  to 
suppuration.  The  vas  deferens  and  seminal  vesicles  are  usually  in- 
volved. Fever  and  other  evidences  of  toxemia  are  commonly  present. 

Epididymitis  often  permanently  incapacitates  the  reproductive 
function;  Casper  states  that  the  majority  of  sterile  males  have  become  so 
as  a result  of  this  affection.  Interstitial  and  submucosal  induration  may 
occlude  the  vas  or  the  conserving  influence  on  spermatozoa  may  be 
lost;  in  other  cases  the  epididymis  becomes  the  seat  of  slumbering  infection 
which,  in  the  presence  of  irritation,  frequently  relapses  until  crippled 
function  is  eventually  completely  lost. 

Orchitis  often  accompanies  epididymitis,  and  is  frequently  due  to 
the  same  causes.  Metastatic  inflammations  of  the  testicle,  including 
those  of  hematogenous  origin  due  to  bacteremia,  are  usually  instances 
of  acute  orchitis.  The  infectious  nature  of  orchitis  is  admitted;  the 
acute  usually  brief  inflammations  following  trauma  are  exceptions  and 
are  infrequent.  Orchitis  of  parotitis,  typhoid,1  paratyphoid,  Mediterra- 
nean fever,2  pneumonia  and  allied  diseases  are  probably  due  to  hematog- 
enous infection.  In  many  infectious  diseases  the  causative  agent  escapes 
in  the  urine  and  renders  urethrogenic  infections  at  least  theoretically 
possible,  but  our  knowledge  of  many  of  these  affections  indicates  that  an 
ascending  seminal  tract  invasion  of  the  epididymis  and  testicle  is  im- 
probable. Orchitis  due  to  less  frequent  types  of  infection  is  probably 
more  common  than  reported  cases  indicate.  Hirschberg3  reports  an 
instance  of  pyocyaneous  infection  of  the  organ;  sporotrichosis4  of  the 
testicle  has  been  observed.  It  may  accompany  malaria. 

Anatomically  acute  orchitis  is  manifested  by  swelling,  tenderness, 
and  often  marked  tension;  the  hyperemia  may  be  intense  and  minute 
hemorrhages  are  sometimes  present.  Histologically  the  connective 
tissue  is  seen  to  be  infiltrated  with  leukocytes  and  the  epithelium  granu- 
lar, desquamating,  or  even  necrotic.  Suppurative  orchitis  is  not  so  rare 
as  phlegmonous  inflammation  of  the  epididymis  but  both  are  uncommon. 
The  polymorphonuclear  infiltration  may  be  diffuse  or  miliary  abscesses 
may,  by  extending  necrosis,  give  rise  to  larger  purulent  collections. 
Involvement  of  the  scrotum  and  cord  result  from  extending  infection; 
thrombophlebitis  of  the  cord  veins  occasionally  occurs. 

Chronic  orchitis  may  result  from  the  acute  or  appear  insidiously. 
The  latter  form  is  frequently  syphilitic.  The  interstitial  tissue  is  notably 
increased  and  the  parenchyma  proportionately  wasted.  Spermato- 
genesis is  arrested,  the  organ  contracts  and  is  frequently  greatly  reduced 

1 Gwyn,  Amer.  Med.,  Feb.,  1907.  Beardsley,  N.  Y.  Med.  four.,  fan.  2 c,  1910. 

2 Carbone,  Arch,  di  Sci.  Med.,  1904,  p.  273. 

3 Deutsche  med.  Woch.,  Oct.  24,  1907. 

4 De  Beurmann,  Gougerot  and  Vaucher,  Ann.  de  Dermat.  et  d.  Syph.,  vol. 
ix,  1908. 


REPRODUCTIVE  ORGANS.  943 

in  size;  the  palpable  induration  is  often  marked.  The  atrophy  following 
injury  is  usually  of  this  type. 

Syphilis  of  the  testicle  may  involve  any  part  of  the  organ;  it  may 
be  active  with  manifest  lesions  or  latent  and  without  symptoms.  Both 
congenital  and  acquired  syphilis  attack  the  testicle.  Congenital  syphilis 
of  the  testicle  is  frequently  symptomless  and  often  bilateral;  the  affected 
organ  may  be  but  little  or  not  at  all  enlarged.  In  the  diffuse  form 
fibrosis  is  the  most  marked  change,  followed  by  contraction  or  at  least 
arrest  of  growth  and  consequent  hypoplasia.  The  glandular  elements 
waste  and  retrograde,  often  disappearing  from  large  areas.  Gummata, 
either  single  or  multiple,  occur. 

Acquired  syphilis  rarely  manifests  any  clinical  influence  on  the 
testicle  prior  to  the  tertiary  stage.  Both  epididymis  and  testis  may 
be  involved.  In  the  diffuse  type  there  is  the  same  interstitial  fibrosis 
as  in  congenital  syphilitic  disease  described  above. 

Gummatous  orchitis  results  in  the  evolution  of  typical  gummata 
(see  p.  163)  which  may  be  single  or  multiple,  small  or  large.  Miliary 
gummata  may  form  with  such  rapidity  as  to  establish  the  appearance 
of  an  acute  syphilitic  orchitis  which  is  exceedingly  rare.  The  usual 
type  of  testicular  gumma  is  the  large  syphiloma  from  x cm.  to  10  cm. 
in  diameter.  The  smaller,  often  multiple  lesions  give  rise  to  surface 
irregularity  justifying  the  term  syphilitic  nodular  orchitis.  Large 
solitary  gumma  is  probably  more  frequent.  Such  syphilomata  possess 
fibrohyaline  peripheries  and  frequently  necrotic  or  caseous  centers. 
The  points  of  softening  (necrosis)  may  be  multiple.  The  tunics  of  the 
testicle  are  often  involved  and  fluid  may  collect  in  the  serous  sac.  Ex- 
tension to  and  involvement  of  the  skin  are  sometimes  observed. 

Tuberculosis  of  the  testicle1  may  assume  several  forms.  Primary 
tuberculosis  of  the  testicle  is  exceedingly  rare;  secondary  tuberculosis  is 
one  of  the  commoner  affections  of  the  organ.  It  may  be  unilateral, 
synchronously  bilateral,  or  the  second  testicle  may  be  involved  long  after 
the  first.  The  infection  may  be  of  hematogenous  origin  which  is  probably 
rare,  or  an  extension  from  the  bladder,  prostate,  seminal  vesicles,  or  vas 
deferens.  Koenig  Relieves  prostatic  involvement  the  most  frequent 
antecedent  lesion.  Trauma  is  an  important  determining  factor.  This 
is  explained  by  the  well  known  fact  that  tubercle  bacilli  may  be  present 
without  manifest  tuberculosis  or  a mild  lesion  may  be  latent.  Trauma 
and  the  resulting  extravasation  and  exudation  render  conditions  favorable 
to  localization  of  infection.  I have  seen  tuberculosis  supervene  so 
rapidly  after  traumatic  inflammation  that  the  true  nature  of  the  process 
was  unsuspected.  In  one  case2  the  symptoms  suggested  acute  necrosis 
due  to  twisting  of  the  vessels  and  cord.  Anatomically  the  changes 
may  be  those  of  an  acute  eruption  of  tubercles  or  a more  chronic  fibrous 
or  fibrocaseous  lesion.  In  the  former  the  organ  enlarges  rapidly  and  is 
tender;  at  first  a soft  edema  is  present  but  later  the  tension  becomes 
greater  and  the  denseness  more  striking.  An  acute  hydrocele  and 
scrotal  edema  may  develop.  Such  an  organ,  freshly  incised,  may  be 
so  hyperemic  and  swollen  that  miliary  tubercles  commonly  present  are 
not  discernible;  usually,  however,  these  bodies  may  rapidly  be  detected 

1 Beck,  Deut.  Zeit.  f.  Chir.,  lxxxiv.  Murphy,  Jour.  Amer.  Med.  Assoc.,  Dec. 

1 and  8,  1900.  Keyes,  Ann.  of  Surg.,  June,  1907.  Esmonet,  Report  Sixth  Inter- 
nat.  Cong,  on  Tuberculosis,  vol.  ii,  1908. 

2 Coplin,  Proc.  Path.  Soc.  of  Phila.,  July  15,  1898,  p.  267. 
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along  the  course  of  the  septa,  in  the  epididymis  or  beneath  the  tunics; 
occasionally  the  tunica  vaginalis  testis  may  also  be  tuberculous. 

Chronic  tuberculosis  of  the  testicle  usually  begins  in  the  epididymis; 
Keyes’  series  of  ioo  cases  contained  none  of  primary  tuberculous  or- 
chitis. There  is  no  particular  distinction  between  the  two  sides.  The 
testicle  is  enlarged  and  when  incised  caseous  or  fibrocaseous  areas  of 
varying  size  and  numbers  are  disclosed.  Sometimes  the  entire  organ  is 
converted  into  a single  caseous  mass  enclosed  by  the  testicular  tunics; 
those  cases  are  usually  of  long  duration.  Several  smaller  caseous  areas 
and  numerous  tubercles  occupying  the  intervening  tissue  are  more  fre- 
quent findings;  the  lesions  may  not  be  of  the  same  age.  Definite  healed-in 


Fig.  447. — Testicle,  Chronic  Caseous  Tuberculosis.  {Casper.) 


masses  are  rare.  Extension  of  an  active  tuberculosis  gives  rise  to  in- 
volvement of  the  paratesticular  structures,  the  subcutaneous  connective 
tissues,  and  finally  the  skin.  The  vas  deferens,  seminal  vesicles  or  prostate 
and,  in  some  cases,  all  of  these  may  be  implicated.  Vesicle  and  ureteral 
tuberculosis  and  tuberculosis  of  other  organs  are  usually  present 
postmortem. 

Tumors  of  the  Testicle. — Pure  adenoma1  of  retained  testes  has  been 
described;  the  neoplasm  must  be  exceedingly  rare.  Adenomas  contain- 
ing large  cystic  cavities  are  also  infrequent.  Carcinoma  of  the  testicle 
may  be  scirrhous,  encephaloid,  or  columnar-cell  in  type;  often  it  is  dif- 

1 Lecene  and  Chevason,  Rev.  de  Chir.,  1907. 
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ficult  to  place  satisfactorily.  The  disease  may  begin  early  in  life.  In 
a case  recorded  by  Kanthack1  the  patient  was  only  twenty-four  years  old; 
the  growth  invaded  the  veins  and  produced  extensive  metastases.  A 
nodule  was  grafted  on  the  free  border  of  the  tricuspid  valve.  The  classic 
example  of  “malignant  enchondroma ’’  of  the  testicle  with  extensive 
metastases  reported  by  Paget  in  1855,  upon  re-examination  by  Kanthack 
was.  reported  to  be  a cylindric-ceil  carcinoma.  Usually  cancer  of  the 
testicle  grows  rapidly,  producing  a large  soft  cellular  tumor  at  first  re- 
taining the  shape  of  the  testicle  and  later  invading  the  scrotum  and  cord. 
The  tendency  to  hematogenous  dissemination  is  greater  than  in  most 
carcinomata.  Lymphatic  involvement  is  usually  retroperitoneal. 

Connective-tissue  tumors  of  the  testicle,  clinically  benign,  are  not 
common.  Chondroma  is  probably  the  most  frequent;  the  masses  may  be 
single  or  multiple  and  of  the  hyaline,  fibrous,  or  mixed  cartilage  type. 
Although  many  of  these  tumors  have  been  recorded  I surmise  that 


Fig.  448. — Testicle.  Round-cell  Sarcoma. 


teratomata  and  possibly  other  growths  containing  cartilage  have  been 
included.  Kanthack’s  study  of  Paget’s  case  of  “malignant  enchon- 
droma’’ referred  to  above  is  in  support  of  this  view. 

Sarcoma  of  the  testicle  is  usually  stated  to  be  less  frequent  than 
cancer.  Like  cancer  it  is  usually  unilateral.  The  soft,  rapidly  growing 
sarcomata  are  most  malignant  and  spheroidal  or  small  spindle-celled 
in  type.  A history  of  injury  is  frequently  present.  Both  hematogenous 
and  lymphogenous  dissemination  occur  more  commonly  in  tumors 
composed  of  round  cells  than  in  others.  The  denser,  so-called  hard 
sarcomata  of  the  testicle  consist  of  spindle  cells,  develop  less  rapidly, 
and  manifest  metastasis  later.  Once  the  tunics  of  the  testicle  are  pene- 
trated enlargement  of  the  inguinal  glands  may  be  observed.  Many 
sarcomata  of  the  testicle  are  composed  of  the  mixed-cell  group.  Giant- 
cell sarcoma  of  the  testicle  is  rare.  It  is  usually  stated  that  ectopic 
and  undescended  testes  are  more  prone  to  sarcoma  and  other  neo- 
plasms than  organs  normally  placed.  With  this  view  Eccles2  is  not  in 

‘Jour.  Path,  and  Bact.,  Jan.,  1898. 

2 Lancet,  March  1 and  15,  1902. 

60 


SPECIAL  PATHOLOGY. 


946 

accord.  LeConte1  reported  the  third 'case  of  sarcoma  of  the  abdominal 
testicle. 

Teratoma  testis2  is  one  of  the  most  interesting  of  the  testicular  neo- 
plasms. These  neoplasms  are  called  embryomata  and  are  closely  allied 
to  dermoid  cysts,  choriomata,  or  chorio-epitheliomata  (see  p.  359). 
Typical  teratomata  contain  islands  of  cartilage,  often  unstriped  muscle 
fiber,  and  other  structures  of  connective-tissue  origin.  Gland  elements 
or  even  definite  epithelial  structures,  are  also  frequently  present.  The 
so-called  cystoid  disease  of  the  testicle  is  probably  a form  of  teratoma. 
Ewing  believes  that  cancer  of  the  testicle  may  arise  from  epithelium 
contained  in  testicular  teratoma  and  that  sarcoma  may  have  a like  origin 
from  connective-tissue  elements.  Neoplasms  of  this  group  showing  the 
structure  of  chorio-epithelioma3  give  rise  to  highly  vascular  metastases 
in  which  hemorrhage  is  often  conspicuous. 


SPERMATIC  CORD  AND  VAS  DEFERENS. 

Of  such  circulatory  disturbances  as  hyperemia  and  congestion  of 
these  structures  little  is  known. 

Varicocele  is  a dilatation  (varix  or  varicosity)  of  the  veins  of  the 
pampiniform  plexus  and  to  a lesser  degree,  if  at  all,  of  the  spermatic 
vein.  The  left  side  is  involved  more  frequently  than  the  right,  a fact 
usually  attributed  to  increased  tension  upon  that  side  brought  about  by 
imperfect  exit  from  the  spermatic  vein  into  the  left  renal  and  the  more 
ready  discharge  from  the  right  side  directly  into  the  vena  cava.  The  greater 
length  of  the  left  vessels  and  possible  sigmoidal  pressure  upon  that 
side  may  also  be  factors.  Tumors  pressing  upon  the  spermatic  vein, 
endophlebitis,  thrombosis,  and  valvular  insufficiency  are  of  less  impor- 
tance. When  in  the  erect  posture  the  distended  dilated  veins  feel  not 
unlike  a bundle  of  earth-worms.  In  severe  cases  with  marked  venous  ob- 
struction fibrosis  and  testicular  atrophy  may  occur. 

Hematocele  of  the  spermatic  cord  usually  follows  injury  but  may 
result  from  heavy  lifts  and  strains.  The  sausage-shaped  swelling  appear- 
ing suddenly  may  suggest  hernia.  The  effused  blood  is  in  the  loose  con- 
nective tissue  of  the  cord,  or,  if  the  serous  cavity  be  not  occluded,  it 
may  be  distended  by  the  extravasated  blood. 

Hydrocele  of  the  cord,  cystic  hydrocele,  consists  of  an  accumulation 
of  fluid  in  the  sac  forming  the  serous  covering,  closed  at  the  abdominal 
opening  and  above  the  testicle.  Often  the  cause  cannot  be  determined 
and  frequently  the  lesion  is  congenital.  Sometimes  it  results  from  trauma. 
The  amount  of  contained  fluid  is  usually  small. 

Deferentitis  and  funiculitis  are  terms  used  for  inflammation  of  the 
spermatic  cord.  The  former  should  be  applied  to  inflammation  of  the  vas 
deferens  only,  and  funiculitis  should  be  reserved  for  inflammations  involv- 
ing the  surrounding  tissues  of  the  cord. 

Deferentitis  is  rarely  primary  and  if  so  is  usually  due  to  injury  as  by 
blows  and  pressure  of  trusses,  or  results  from  inflammation  in  the  immedi- 
ately contiguous  structures;  such  causes  are  exceedingly  rare.  Usually 

1 International  Clinics,  vol.  iv,  17  series,  1907. 

2 Ewing,  Proc.  N.  Y.  Path.  Soc.,  Oct.  and  Nov.,  1909.  Nicholson,  Guy’s  Hosp. 
Reports,  vol.  lxi.,  1907,  p.  249. 

3 Orton,  Jour.  Med.  Research,  Nov.,  1907.  Risel,  Arbeit,  a.  d.  patholog. 
Inst.,  Leipzig,  1908. 
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the  condition  is  secondary  to  posterior  urethritis,  commonly  of  gonor- 
rheal origin;  other  forms  of  urethral  inflammation,  and  also  cystitis, 
may  be  causes.  The  affected  vas  is  swollen,  dense  or  cord-like,  hyperemic, 
and  often  intensely  tender.  The  inflammation  frequently  extends  to  the 
epididymis;  occasionally  epididymitis  is  manifested  before  the  deferen- 
titis.  It  is  not  likely,  however,  that  in  such  cases  the  inflammation  of  the 
epididymis  is  primary,  although,  of  course,  this  is  possible.  Inflammation 
of  the  cord  may  be  followed  by  stricture  or  obliteration  of  the  lumen  and 
secondary  atrophy  of  the  corresponding  testicle;  if  bilateral,  impotence 
may  follow. 

Funiculitis,  or  inflammation  of  the  cord,  may  be  an  extension  of  in- 
flammation from  the  vas  deferens,  may  result  from  blows  upon  the  organ, 
pressure  of  an  ill-fitting  truss  or  other  forms  of  trauma  and  from  throm- 
bosis of  the  veins  of  the  cord  or  other  manifestation  of  infection.  Oc- 
casionally intense  swelling  of  the  cord  and  contiguous  cellular  tissue 
gives  rise  to  an  inflammatory  mass  resembling  that  found  in  strangulated 
hernia;  Madden1  calls  such  a condition  cellulitis  of  the  spermatic  cord. 

Torsion  of  the  spermatic  cord-  results  from  rotary  displacement  of 
the  testicle  and  may  cause  vascular  obstruction,  particularly  of  the 
veins,  and  terminate  in  necrosis  (gangrene)  of  the  testicle. 

Tuberculosis  of  the  vas  deferens  is  usually  secondary  to  disease  of  the 
bladder  or  epididymis  or  testicle.  Acute  and  chronic  forms  are  recognized. 
The  vas  is  thickened,  sometimes  nodular,  and  when  examined  microscop- 
ically contains  numerous  tubercles  involving  the  submucosa  and  muscular 
layer. 

Tumors  of  the  spermatic  cord3  may  be  primary  or  secondary;  both 
forms  are  rare.  The  most  important  are  the  malignant  growths;  sarco- 
mata, containing  round,  fusiform  or  giant  cells  and  usually  more  than 
one  type,  are  more  frequent  than  cancers. 

Calcification  of  the  vas  deferens  is  a rare  condition;  in  one  of  the 
specimens  studied  by  Chiari4  the  seminal  vesicle  was  also  involved. 

SEMINAL  VESICLES. 

Malformations.0 — Absence  or  aplasia,  and  hypoplasia  of  one  or  both 
seminal  vesicles  is  rare.  A single  mesial  vesicle  representing  the  fused 
organs  has  been  reported.  Rarely  the  ejaculatory  duct  opens  into  urinary 
bladder  or  ureter. 

Spermatocystitis,  inflammation  of  the  seminal  vesicles,  may  be  acute 
or  chronic,  catarrhal  or  suppurative.  Although  occasionally  due  to 
trauma  the  usual  cause  is  a posterior  urethritis  of  gonorrheal  origin. 
Obviously  the  suppurative  form0  is  more  dangerous;  the  pus  may  be 
retained  in  the  vesicles  (pus  tubes  in  man),  escape  into  the  urethrk,  or 
rupture  into  contiguous  tissues.  In  chronic  spermatocystitis  marked 
hyperplasia  of  the  connective  tissue  and  thickening  of  the  mucosa  may 
result  in  the  so-called  hypertrophic  form.  In  other  cases  atrophy  results 
from  fibrosis  and  contraction. 

1 Lancet,  Feb.  23,  1907. 

Mohr,  Munch,  med.  Woch.,  1904,  p.  1013. 

3 Serraire,  These  de  Montpellier,  1907.  Tedenat  and  Martin,  Arch.  Gen.  de 
Chir.,  No.  2,  1908. 

1 Zeit.  f.  Heilkunde,  abt.  f.  Path.  Anat.,  1903. 

5 Guizetti,  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  Bd.  xvi,  190^. 

0 Belfield,  Jour.  Amer.  Med.  Assoc.,  Dec.  25,  1909. 
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Tuberculosis  of  the  seminal  vesicles1  is  usually  secondary  to  a primary 
lesion  in  the  bladder,  testicle,  epididymis,  vas  deferens,  or  prostate.  The 
lesion  may  be  acute,  in  which  case  the  mucosa  is  infiltrated  with  miliary 
tubercles  and  manifests  the  usual  changes  of  recent  inflammation.  Later 
and  in  more  protracted  cases  caseation  occurs;  caseous  and  fibrocaseous 
tuberculosis  of  the  vesicles  may  not  be  preceded  by  any  indication  of  an- 
tecedent acute  lesion. 

Seminal  calculi  which  may  attain  a diameter  of  a centimeter  are 
occasionally  formed.  They  are  composed  of  calcium  phosphate  and  car- 
bonate, the  latter  in  a relatively  small  percentage.  Stones  may  be 
single  or  multiple;  sometimes  the  vesicles  contain  cretaceous  material,  so- 
called  seminal  sand. 

Tumors  of  the  seminal  vesicles  are  exceedingly  rare.  Cancer  is  the 
most  frequent  neoplasm  and  may  be  primary  or  secondary.  Secondary 
growths  are  due  to  extension  from  the  bladder,  rectum,  or  prostate  or 
seminal  metastasis  from  the  testicle. 


THE*  PROSTATE. 

The  normal  prostate,  when  properly  developed,  weighs  from  15  gm. 
to  20  gm.  In  the  adult  it  is  composed  of  a fibromuscular  matrix  in 
which  the  glandular  substance  is  imbedded.  Concerning  its  functions 
but  little  is  known.  It  is  supposed  that  the  prostatic  secretion  in  some 
way  conserves  the  vitality  of  spermatozoa  and  it  appears  to  exert  some 
influence  on  sexual  appetite  and  power.  Posner2  believes  it  produces 
an  internal  secretion  making  it  a gland  the  function  of  which  is  compar- 
able to  that  of  the  pancreas.  It  is  known  that  when  the  seminal  vesi- 
cles are  absent  the  prostate  hypertrophies.  It  has  been  suggested  that 
the  prostate  indirectly  influences  spermatogenesis;  when  diseased  or 
experimentally  removed  Posner  found  that  spermatogenesis  was  sup- 
pressed, and  that  in  some  cases  of  azoospermia  the  prostate  was  aplastic 
or  atrophied.  A developmental  inhibition  affecting  both  prostate  and 
testicle  does  not  necessarily  establish  a trophic  relation  between  the 
two  organs,  but  is  at  least  highly  suggestive  of  some  inter-relation. 

Malformations  of  the  Prostate. — Developmental  defects  in  the  pros- 
tate are  infrequent  and  usually  clinically  unimportant.  Absence  of 
the  prostate  is  commonly  associated  with  other  developmental  defects 
such  as  ectopia  testis.  Ectopic  or  aberrant  masses  of  prostatic  tissue 
are  rare;  in  a case  reported  by  Luschka  prostatic  tissue  was  found  in 
the  dorsum  of  the  penis.  Hyperplasia  of  the  organ  is  less  rare.  (See 
Hypertrophy  of  Prostate.)  Castration  or  other  form  of  testicular  de- 
struction occurring  early  in  life  is  associated  with  arrested  development 
of  the  prostate.  Developmental  arrest  may  be  general  but  is  rarely 
more  than  unilateral  or  mesial. 

Atrophy  of  the  prostate  may  be  a part  of  general  wasting — a nutri- 
tional atrophy.  It  may  result  from  pressure  upon  the  organ  or  follow 
interstitial  fibrosis.  In  about  twenty-five  per  cent,  of  old  men  the 
prostate  is  atrophic.  The  arrested  development  following  premature 
testicular  decay  and  castration  is  in  most  instances  a hypoplasia,  although 
it  is  frequently  grouped  with  the  atrophies. 

1 Simmonds,  Virch.  Arch.,  Bd.  clxxxiii,  1906. 

2 Berl.  klin.  Woch.,  Nov.  2,  1908. 
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Hypertrophy  of  the  prostate1  or  prostatic  enlargement,  is  essentially 
a senile  process  rarely  giving  rise  to  symptoms  before  the  fiftieth  year. 
The  enlargement  may  be  symmetrical  or  asymmetrical,  resulting  in  globu- 
lar or  lobulated  masses.  The  enlarged  organ  rarely  weighs  over  75  gm. 
to  100  gm.,  although  weights  exceeding  300  gm.  have  been  recorded. 
Mesial  enlargement  results  in  the  projection  upward  and  forward,  length- 
ening the  prostatic  urethra  which  is  also  compressed  and  tortuous  and 
consequently  obstructed.  Projection  into  the  bladder  renders  emptying 
of  this  viscus  difficult  or  incomplete  or  both,  favoring  infection  and  con- 


Fig.  449. — Total  Hypertrophy  op  the  Prostate. 
Epiglottis-like  middle  lobe  which  impedes  the  outflow  of  urine.  {Casper.) 


sequent  cystitis.  Urinary  retention  and  resistance  to  flow  may  produce 
dilatation  of  the  ureter  and  pelvis  of  the  kidney. 

Concerning  the  cause  of  prostatic  enlargement  finality  of  opinion 
has  not  been  attained.  Its  relation  to  senile  processes  has  suggested 
arteriosclerosis  and  testicular  retrogression  as  causes.  Casper2  believes 
that  these  may  be  ignored  and  holds  the  same  view  with  regard  to  gout, 
rheumatism,  scrofula,  sexual  excesses,  constipation,  alcoholism,  chronic 
gonorrheal  inflammation,  or  persisting  infection  and  allied  influences, 
to  which  the  condition  has  been  attributed.  It  has  been  suggested  that 
the  condition  is  a slowly  progressing  hyperplasia  of  an  inflammatory 

1 Wiehmarm,  Virch.  Arch.,  Nov.  3,  1904,  p.  279.  Rothschild,  Virch.  Arch. 

Bd-  clxxx,  H.  3,  p.  539.  Moullin,  Enlargement  of  the  Prostate;  Its  Treatment 

and  Radical  Cure,  London,  1904.  Bingham,  Shuttleworth,  and  others  Brit  Med 
Jour.,  Nov.  10,  1906,  p.  1262. 

2 A Text-book  of  Genitourinary  Diseases,  translated  by  Bonney,  1909. 
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type  or  that  it  is  neoplastic;  concerning  these  hypotheses  the  evidence 
seems  incomplete.  Casper  concludes  that  the  cause  is  undetermined. 

It  is  possible  to  recognize  at  least  two  forms  of  prostatic  hyper- 
trophy depending  upon  whether  the  new  tissue  is  composed  of  elements 
derived  from  (a)  the  interstitial  tissues  or  (b)  the  epithelial  or  glandu- 
lar substance;  organs  in  which  both  structures  participate  are  frequently 
encountered,  usually,  however,  one  dominates.  In  the  first  of  these 
groups  the  newly  formed  elements  are  largely  unstnped  muscle  and 
fibrous  tissue,  histologically  resembling  myofibroma  of  the  uterus.  . In 
some  instances  the  fibrous  tissue  is  in  excess  and  m others  the  lesion 
appears  myomatous.  It  is  also  possible  to  recognize  circumscribed  or 
nodose  types  and  organs  in  which  the  lesion  is.  diffuse.  The  fibrous  or 
fibromvomatous  prostate  is  usually  firm,  resists  incision,  the  cut  surfaces 
bulge,  "and  are  gray  or  grayish-white.  Histologically  the  new  tissue  is 
composed  of  unstriped  muscle  containing  more  or  less  fibrous  tissue. 
The  muscle  cells  may  be  in  whorls,  formed  by  multicentric  grouping, 
or  more  diffuse.  Cyst-like  dilatations  of  gland  spaces  and  areas  of 
necrosis  are  sometimes  present. 

The  glandular  or  adenomatous  type  of  prostatic  hypertrophy  gives 
rise  to  large,  soft,  spongy,  often  succulent  masses  which  may  be  symmetric 
or  nodular.  Dilatation  of  gland  spaces  often  results  in  the  formation  of 
cysts.  This  type  has  also  been  called  parenchymatous  prostatic  enlarge- 
ment. Histologically  the  condition  resembles,  adenoma.  In  distended 
acini  the  epithelium  is  often  flattened,  occasionally  necrotic  and  des- 
quamating, sometimes  in  part  destroyed.  . . _ 

In  prostatic  enlargement  the  urethral  impediment  to  urinary  discharge  . 
and  the  resulting  retention,  are  frequently  followed  by  .cystitis,  peri- 
cystitis, dilatation  of  the  ureters  and  ureteritis,  pyelitis  and  pyelo- 
nephritis, and  inflammations  of  the  seminal  vesicles,  vas  deferens,  and 

epididymis.  . 

Corpora  amylacea  of  the  prostate  are  round,  ovoidal  or  slightly  ir- 
regular, stratified  bodies  occupying  the  acini  and  ducts.  Although  re- 
sembling starch  they  are  proteids  probably  resulting  from  neciosis  or 
other  changes  in  epithelium  or  possibly  are  direct  derivatives  of  the  pios- 
tatic  secretion.  In  some  respects  they  resemble  lardacein,  but  unlike 
this  substance  are  prone  to  pigmentation  which  changes  the  grayish 
color  to  amber,  yellowish-brown  or  even  black.  Calcareous  infiltration  or 
incrustation  converts  them  into  prostatic  calculi.  It  is  not.  probable, 
however,  that  all  prostatic  stones  are  of  this  origin.  Phleboliths  in  the 
prostatic  or  periprostatic  veins,  cystic,  periurethral,  or  in  other  con- 
tiguous veins,  and  calcification  of  any  of  these  structures,  frequently  cast 
shadows  on  x-ray  plates  resulting  in  the  erroneous  diagnosis  of  urethral 
or  vesical  calculi. 

Prostatitis,1  inflammation  of  the  prostate,  may  be  acute  or  chronic, 
simple,  suppurative,  or  interstitial;  it  may  be  primary  or  secondary,  the 
former  is  exceedingly  rare.  _ _ I 

Acute  catarrhal  prostatitis  is  usually  due  to  irritation  propagated 
from  the  urethra.  Posner  and  Rapoport2  hold  that  retained  secretion 
without  infection,  may  cause  inflammation  of  the  prostate,  a view  not 
generally  maintained.  No  doubt  retention  favors  prolongation  of  any 
inflammation  once  inaugurated.  It  is  commonly  a manifestation  of  mild 

1 Infections  of  the  Prostate,  see  Ravogli,  Trans.  Amer.  Urological  Assoc.,  1908. 

2 Deut.  med.  Woch.,  1905. 
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infection  although  it  is  possible  that  irritant  injections,  trauma  of  in- 
strumentation, and  other  forms  of  injury  may  be  at  least  accessory  causes. 
The  process  is  usually  associated  with  posterior  urethritis.  Pathologically 
the  gland  is  slightly  enlarged  and  hyperemic ; the  inflammation  is  chiefly  in 
the  ducts. 

Suppurative  prostatitis1  is  the  gravest  of  the  prostatic  inflammations. 
Necessarily  it  is  due  to  infection,  commonly  from  the  urethra  as  in  gonor- 
rhea, or  from  the  bladder.  It  is  rarely  metastatic,  although  I have  seen 
such  a case.  Usually  the  process  begins  in  the  ducts,  extends  to  the 
ramifications  of  the  gland  and  into  the  interstitial  tissue.  Sometimes 
it  is  diffuse,  manifested  by  general  enlargement,  exquisite  tenderness,  and 
widely  disseminated  polymorphonuclear  infiltration  of  one  or  more  lobes 
of  the  gland.  The  diffuse  form  may  localize,  resulting  in  a circumscribed 
collection  of  pus,  prostatic  abscess.  Multiple  abscesses  are  sometimes 
present  and  such  multicentric  infections  may,  by  peripheral  extension 
and  necrosis,  unite  to  form  a larger  abscess.  The  infection  may  be  prop- 
agated to  the  contiguous  tissues  giving  rise  to  suppurative  periprosta- 
titis or  paraprostatitis  or  even  peritonitis.  Thromboses  of  the  veins, 
embolism,  and  pyemia  are  occasionally  terminations  of  the  process. 
The  abscess  may  rupture  into  the  urethra  or  bladder,  or  burrow  into  the 
perineum,  scrotum,  pararectal  tissues,  or  rectum.  Occasionally  rupture 
takes  place  into  the  bladder  or  urethra  and  externally  by  one  of  the  routes 
indicated  resulting  in  the  formation  of  a fistulous  tract.  Prostatic  phleg- 
mon is  usually  attended  by  sepsis  which  may  be  intense. 

Chronic  Prostatitis  may  be  a continuation  of  the  acute;  it  is  usually 
the  result  of  infection,  especially  gonorrhea,  or  from  cystitis,  calculus 
disease,  or  other  local  bacterial  process.  Anatomically  it  is  possible  to 
recognize  catarrhal,  suppurative,  and  sclerotic  types,  although  usually 
more  than  one  form  is  present.  In  the  ducts  and  gland  structure  the 
change  may  be  of  the  catarrhal  type,  usually  attended  by  a notable  increase 
in  the  fibrous  tissue,  in  other  words  a combined  catarrhal  and  intersti- 
tial productive  prostatitis.  In  some  cases  the  swelling  of  the  gland  is 
conspicuous,  justifying  the  term  edematous  prostatitis;  it  is  probable 
that  marked  swelling  is  due  to  an  acute  exacerbation.  In  still  other 
instances  small  intraglandular  or  periacinar  collections  of  polymorphonu- 
clear leukocytes  justify  the  term  chronic  suppurative  prostatitis..  Any 
neglected  or  undrained  acute  suppurative  lesion  is  prone  to  continuance, 
often  in  a marked  or  latent  form,  springing  into  activity  often  from  slight 
causes.  In  all  forms  of  chronic  prostatic  inflammation  there  is  a decided 
tendency  toward  fibrosis  and  sclerosis. 

Tuberculosis  of  the  prostate-  also  called  tuberculous  prostatitis  may  be 
acute  or  chronic.  The  acute  form  may  be  of  hematogenous  origin  and  the 
lesions  miliary.  In  chronic,  often  latent  tuberculosis  of  the  prostate, 
fresh  disseminations  of  bacilli  give  rise  to  superimposed  acute  lesions.  The 
chronic  tuberculous  prostatitis  may  be  fibroid  or  caseous;  mixed  forms 
also  occur.  Caseous  manifestations  sometimes  receive  accessions  of 
pyogenic  bacteria,  giving  rise  to  a mixed  lesion.  Although  occasionally  of 
hematogenous  origin  it  is  evident  that  the  prostate  may  be  infected  from  the 
bladder,  seminal  vesicles,  ureter  and  urethra.  I saw  at  autopsy  a tu- 
berculous prostatitis  and  periprostatitis  communicating  by  a sinus  with  a 

1 Hinrichsen,  Langenbeck’s  Arch.,  Bd.  lxxiii.,  H.  2.  Alexander,  Annals  of 
Surgery,  Dec.,  1905. 

2 Crowder,  Amer.  Jour.  Med.  Sci.,  June,  1905,  p.  1022. 
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perforation  through  the  acetabulum  resulting  from  chronic  tuberculosis 
of  the  hip  joint.  When  prostatic  tuberculosis  extends  to  the  contiguous 
tissue  the  condition  is  called  tuberculous  periprostatitis. 

Tumors  of  the  prostate  may  be  primary  or  secondary.  Assuming 
that  the  so-called  hypertrophy  of  the  prostate  (p.  949)  is  not  neoplastic 
it  may  be  said  that  tumors  of  the  organ  are  exceedingly  rare;  this  is 
especially  true  of  benign  growths.  Sarcoma  of  the  prostate1  is  often 
sharply  circumscribed,  undergoes  metastasis  late,  but  when  gr  wing 
rapidly,  which  is  not  common,  promptly  infiltrates  contiguous  structures. 
Malignant  tumor  of  the  prostate  developing  in  childhood  or  adolescence 
is  probably  a sarcoma  and  usually  of  the  spheroidal,  spindle,  or  mixed- 
cell type.  With  increasing  years  carcinoma  becomes  more  frequent 
and  is  much  commoner  than  sarcoma.  Primary  carcinoma  of  the  pros- 
tate- may  be  nodular,  consisting  of  a fairly  circumscribed  mass  or  masses, 
or  it  may  be  diffuse,  in  the  latter  instance  infiltrating  a definite  area  or 
the  entire  prostate.  It  tends  to  involve  contiguous  tissues,  especially 
the  bladder,  but  may  also  attack  the  rectum,  seminal  vesicles,  or  other 
adjacent  tissue.  In  some  instances  cancer  of  the  prostate,  like  occasional 
mammary  cancers,  manifests  a decided  tendency  to  bone  marrow  metas- 
tasis which  may  be  quite  general.  Such  have  been  called  osteoplastic 
cancers  of  the  prostate.  Secondary  cancer  of  the  prostate  may  be  due 
to  extension  from  bladder,  rectum,  or  other  contiguous  structure. 
Lymphogenous  and  hematogenous  metastasis  to  the  prostate  are  rare. 
Cancers  of  the  prostate  are  prone  to  involve  the  lymphatics  of  the 
pelvis  and  sometimes  retroperitoneal  lymph-nodes. 


PENIS. 

Malformations3  of  the  penis  are  infrequent.  Absence  of  the  organ 
is  usually  associated  with  other  and  more  extensive  developmental 
defects.  In  a case  reported  by  Harris4  the  testicle  and  scrotum  were 
normally  developed,  the  urethra  opened  in  the  perineum,  but  nothing 
comparable  to  a penis  could  be  found.  The  corpora  cavernosa  may  not 
be  symmetric,  leading  to  bends  and  deviations  during  an  erection.  The 
penis  may  be  bifid,  sometimes  contains  two  canals,  one  a part  of  the 
reproductive  tract  and  the  other  urinary.  The  prepuce  may  be  absent, 
short,  or  redundant;  the  preputial  opening  may  be  small  not  permitting 
retraction  over  the  glans  (phimosis)  or  when  retracted  cannot  be  readily 
drawn  forward  (paraphimosis).  Abnormal  shortness  of  the  frenum 
is  not  infrequent,  and  adhesions  between  the  prepuce  and  the  glans  is 
occasionally  observed.  Urethral  abnormalities  are  described  on  page 
644.  The  meatus  may  be  abnormally  small,  divided  by  a septum  or, 
rarely,  a number  of  septa,  or,  still  less  frequently,  be  partly  closed  by  a 
cribriform  or  net-like  membrane.  Malformation  of  the  raphe  may  . . 
accompany  hypospadias  or  occur  independently.  Torsion . or  partial 
rotarv  displacement  of  the  organ  has  been  described. 

1 Gibson,  Jour.  Amer.  Assoc.  Med.  April  23,  1910,  p.  1372. 

2 Young,  Annals  of  Surgery,  Dec.,  1909.  Salinger,  Folia  Urologica,  Bd.  iv, 
1909. 

3Jones,  Brit.  Med.  Jour.,  Jan.  r 5 , 1910,  p.  137.  Edington,  Brit.  Med.  Jour.,  i 
Sept.  21,  1907.  Ruggles,  Med.  Rec.,  Jan.  9,  1909. 

4 Phila.  Med.  Jour.,  Jan.  8,  1898. 
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Acquired  deformities1  of  the  organ  result  from  injury,  inflammation, 
ulcerative  and  edematous  processes,  elephantiasis,  pseudo-elephantiasis, 
or  elephantiasis  nostras,  and  diseases  of  the  cavernous  and  spongy 
bodies.  Chronic  edemas  due  to  lymphatic  or  venous  obstruction  result 
m a notable  increase  of  connective  tissue  probably  a type  of  chronic 
lymphangiectasis,  lymphangitis  or  perilymphangitis  which,  when  marked, 
give  rise  to  notable  enlargement  to  which  the  term  elephantiasis  is  ap- 
plied. It  is  doubtful  whether  the  distinction  between  true  elephantiasis 
due  to  filarial  disease  and  pseudo-elephantiasis — due  to  other  causes 
or  resembling  the  true  form — is  justified;  it  can  be  maintained  on  etio- 
logical grounds  only;  cases  occur  in  which  the  histology  of  both  forms 
is  identical.  Possibly  false  elephantiasis  may  be  better  placed  with  the 
elephantoid  affections  (p.  198). 

Bilhaut-  and  others  have  reported  instances  of  marked  arching  of 
the  oigan  due  to  local  fibroses  or  scars,  also  called  indurative  tumors  of 
the  cavernous  body. 

An  acquired  malposition  involving  the  cavernous  bodies,  glans, 
spong\  body,  and  urethra,  characterized  by  displacement  of  these  struc- 
tures from  the  prepuce  and  investing  skin  into  the  scrotum,  femoral, 
or  hypogastric  subcutaneous  tissues,  is  called  luxation;  the  forms,  fol- 
lowing the  anatomic  divisions  just  indicated,  are  Luxatio  penis  scrotalis, 
Luxatio  penis  femoralis  and  Luxatio  penis  hypogastria,  respectively. 
Luxation  may  be  accompanied  by  rupture  of  the  urethra. 

Hyperemia  (pathologic)  of  the  penis  is  seen  in  inflammatory  processes 
Congestion  of  the  penis  may  be  a part  of  general  venous  stasis  or  due  to 
such  local  conditions  as  thrombosis,  obliterating  inflammations  of  the 
penile  veins,  venous  obstruction  due  to  tumors,  or  mechanical  com- 
pression of  the  vein  by  encircling  dressings,  bands,  strings,  and  finger 
rings. 

Scars  on  the  prepuce,  glans,  or  skin  are  usually  suggestive  of  past 
veneieal  lesions,  notably  chancre  and  chancroid;  phagedenic  and  gangre- 
nous ulcers  necessarily  leave  more  evidence  than  simple  ulcerations. 

Calcareous  deposits  in  the  cavernous  bodies  may  result  from  inflam- 
mation or  thrombosis,  less  frequently  they'  are  due  to  other  causes, 
email  patches  of  true  bone  have  been  observed. 

Inflammations  of  the  penis:t  may  involve  the  prepuce — posthitis,  the 
glans  balanitis,  or  both  prepuce  and  glans — balanoposthitis.  Inflam- 
mations of  the  ensheathing  skin  are  not  unlike  those  occurring  elsewhere; 
the  same  is  true  of  the  inflammatory  processes  involving  the  subcutaneous 
cellular  tissue  and  fascia.  Inflammation  of  the  corpora  cavernosa  is 
called  cavernitis.  Inflammations  of  the  urethra — urethritis — are  de- 
scribed on  p.  684. 

Balanoposthitis1  is  more  frequent  than  separate  inflammation  of  the 
prepuce  or  glans.  It  may  be  due  to  such  specific  infections  as  gonor- 
rhea, chancroid  and  syphilis,  want  of  cleanliness  or  to  accumulated 
secretions  and  discharges  and  consequent  infection  by  one  or  several 
I bacteria  which  find  in  the  smegma  conditions  favorable  to  their  growth. 
In  addition  to  the  organisms  causing  the  specific  conditions  mentioned 


Jour. 


* Taylor,  New  York  Med.  Jour.,  June  8,  1907. 

2 Rev-  pratique  des  mal.  des  organes  genito-urinaires,  1909. 

3 Tedenat  and  Martin,  Arch.  gen.  de  Chir.,  Aug.  25,  1909. 

4 Vincent,  Ann.  de  dermat.  et  de  syphil.,  June, ’1904.  Corbus 
. Amer.  Med.  Assoc.,  May  8,  1909. 
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the  usual  pyogenic  organisms  are  frequently  present,  also  yeasts,  molds, 
and  spirochaetes.  Inflammations  of  the  prepuce  and  glans  are  said  to 
be  frequent  in  diabetics. 

Catarrhal  Balanoposthitis. — The  lesion  may  be  of  the  catarrhal 
type  possessing  the  usual  characters  of  catarrhal  inflammation  of  mucosae 
(p.  551).  Occasionally  superficial  ulcers  occur,  erosive  balanoposthitis,  in 
which  condition  flakes  of  epithelium  undergo  necrosis  and  exfoliate.  Less 
commonly  definite  ulcers,  ulcerative  balanoposthitis,  result  from  extension 
of  erosions,  or  from  deeper  primary  necroses  of  the  mucosa  or  mucocuta- 
neous junction.  Intense  infection,  particularly  in  the  debilitated,  and 
often  accompanying  such  general  disturbances  as  typhoid,  diphtheria, 
and  the  acute  eruptive  diseases,  such  as  chicken-pox  and  variola,  results 
in  the  production  of  a membrane,  membranous  balanoposthitis,  or  may 
proceed  to  extensive  necrosis  or  even  gangrene,  gangrenous  balanopos- 
thitis. When  the  catarrhal  exudate  is  accompanied  by  abundant  migra- 
tion of  polymorphonuclear  leukocytes,  as  is  often  the  case  in  gonorrhea, 
the  condition  is  really  a suppurative  catarrh  and  is  called  suppurative 
balanoposthitis.  Any  of  the  inflammations  sufficiently  intense  to  destroy 
the  epithelium  may  be  followed  by  adhesions  between  the  glans  and  pre- 
puce. A greatly  narrowed  fore-skin  which  cannot  be  retracted  often  re- 
sults in  a chronic  balanoposthitis,  occasionally  attended  by  the  formation 
of  cretaceous  accumulations  or  sometimes  definite  stones  called  preputial 
calculi. 

Cavernitis,  inflammation  of  the  cavernous  bodies,  may  be  acute  or 
chronic.  The  most  serious  of  the  acute  forms  is  suppurative;  that  due  to 
pyogenic  infection  is  occasionally  observed  in  gonorrhea  and  sometimes 
terminates  in  circumscribed  or  diffused  suppuration  and  definite  abscess 
formation.  Sometimes  as  the  result  of  an  acute  lesion  or  in  other  cases 
primarily  chronic,  an  indurative  cavernitis  gives  rise  to  an  excess  of 
fibrous  tissue,  destruction  of  the  blood  sinuses,  and  consequently  important 
functional  disturbance  which  may  result  in  impotence.  Chronic  nodular 
cavernitis  gives  rise  to  irregular  collections  of  fibrous  tissue,  sometimes 
called  plastic  induration  of  the  corpora  cavernosa.  It  may  be  due  to  injury. 

Contusions  or  bruises  of  the  penis  are  frequently  followed  by  wide- 
spread extravasations  and  after  healing  by  nodular  scars.  If  the  urethra 
has  been  damaged  urinary  extravasation  and  infection  are  prone  to  occur. 

Fracture  of  the  penis — really  a form  of  laceration — is  due  to  sudden 
angular  bending  of  the  erect  organ,  usually  involves  injury  of  one  or  both 
the  corpora  cavernosa  and  may  be  followed  by  sclerosis  and  nodular 
induration. 

Chancre,  the  initial  lesion  of  syphilis,  is  usually  primary  on  the 
penis,  commonly  involving  the  glans  or  prepuce.  The  lesion  is  described 
on  p.  160. 

Chancroid,  soft  chancre,  a non-specific  sore,  is  commonest  on  the 
glans  or  prepuce  but  may  involve  any  part  of  the  organ;  for  description 
see  p.  103. 

Tuberculosis  of  the  penis1  may  be  primary  or  secondary;  both  forms 
are  rare.  Primary  tuberculosis  is  usually  due  to  the  infection  of  a wound, 
is  commonest  in  children  in  which  it  is  due  to  the  application  of  saliva 
containing  tubercle  bacilli  during  ritual  circumcision.  Chronic  ulcerative, 
caseous,  and  fibroid  tuberculosis  of  the  organ  are  rare.  The  ulcerative 
type  of  the  affection  may  cause  extensive  destruction  of  the  penis. 

1 Sabrazes  and  Muratet,  Sem.  Med.,  Sept.  18,  1901. 
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Tumors  of  the  Penis. — Papillomata  (p.  311),  hard  and  soft,  sessile  or 
pedunculated,  single  or  multiple,  may  involve  the  glans,  prepuce,  or  other 
parts  of  the  cutaneous  covering  of  the  organ.  They  are  frequently  the 
result  of  continued  irritation  due  to  uncleanliness,  narrowed  prepuce 
and  phimosis  or  venereal  disease,  especially  gonorrhea.  Condyloma 
acuminata,  verruca  acuminate  or  venereal  wart,  is  a papillary  growth 
consisting  of  papillae  composed  of  soft,  cellular  connective-tissue  stalks 
or  cores  surmounted  by  numerous  layers  of  stratified  squamous  epithe- 
lium. The  growth  may  be  small  and  multiple  or  a large  mass  involving 
the  greater  part  of  the  glans  and  prepuce.  Papillomata  of  the  mucous 
surface  of  the  prepuce  or  of  the  glans,  especially  when  associated  with 
unrelieved  phimosis  and  allowed  to  persist,  may  undergo  epithelioma- 
tous  change. 

Connective-tissue  tumors  of  the  penis  are  infrequent.  Fibromata, 
myomata,  and  osteomata  have  been  reported  but  are  exceedingly  rare. 
Sarcoma  rarely  involves  the  organ. 

Carcinoma1  of  the  penis  constitutes  about  two  per  cent,  of  all  cancers. 
It  is  practically  always  a squamous-cell  epithelioma  (p.  321).  The  lesion 
usually  begins  on  the  prepuce;  less  frequently  it  arises  from  the  glans 
including  the  meatus,  or  from  the  urethra.  Phimosis  or  other  form  of 
chronic  irritation  is  present  in  about  eighty-five  per  cent,  of  the  cases. 
Cancer  of  the  penis  is  most  common  between  the  ages  of  50  and  60  years; 
next  in  frequency  are  the  fifth  and  seventh  decades  in  the  order  given.  It 
has  been  observed  as  early  as  the  twenty-second  year.  Occasionally  the 
disease  progresses  slowly,  persisting  for  ten  or  more  years  without  serious 
disturbance  of  the  general  health;  such  cases  are  quite  exceptional. 
The  inguinal  glands  are  enlarged  in  seventy-five  per  cent,  of  the  cases  and 
metastasis  is  usually  lymphatic,  although  involvement  of  the  cavernous 
bodies  or  penile  veins  may  be  followed  by  hematogenous  dissemination. 
It  is  well  to  remember  that  enlargement  of  the  lymph-nodes  may  be  a 
manifestation  of  accompanying  infection  and  not  neoplastic,  and  that 
consequently  its  prognostic  value  in  any  particular  case  must  be 
uncertain. 


OVARY. 

Internal  Secretion.2 — The  influence  of  the  ovary  upon  body  growth 
and  the  development  of  sex  characters  is  much  less  evident  than  the 
manifest  activity  of  the  testicle.  The  interstitial  cells  so  fully  developed 
in  the  human  testicle  and  analogous  structures  definitely  present  in 
the  ovaries  of  many  animals,  are  inconspicuous  or  rudimentary  organs  in 
woman,  and  it  does  not  appear  possible  to  attribute  to  them  any  important 
function  in  the  human  female.  It  seems  to  have  been  definitely  estab- 
lished3 that  the  corpus  luteum  and  possibly  other  structures  of  the  ovary 
produce  agents  which  exert  important  influences  upon  nutrition,  sex 
function,  notably  menstruation  and  pregnancy,  and  possibly  upon  the 

‘Patterson,  Univ.  Penna.  Med.  Bull.,  July,  1901.  Barney,  Pub.  Mass.  Gen 
Hosp.,  vol.  ii,  No.  1,  1908. 

2 Bond,  Brit.  Med.  Jour.,  July  21,  1906,  p.  121.  Morley,  The  Physician  and 
Surgeon,  1910.  Frank,  Arch.  Intern.  Med.,  Sept.  15,  1910.  Biedl,  Innere  Sekre- 
tion,  Berlin,  1910. 

3 Lane-Claypon,  Brit.  Med.  Jour.,  July  1,  1905,  p.  18.  Frankel,  Arch.  f.  Gvnak 
lxxv,  3. 
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nervous  system.  The  well  known  beneficial  effects  of  castration  in 
osteomalacia  (see  p.  845)  and  experimental  studies  on  animals  seem  to 
establish  that  the  ovary  exerts  some  influence  upon  phosphorus  and 
calcium  metabolism.  Loeb  has  attributed  to  the  secretion  of  the  corpus 
luteum  a sensitizing  action  on  the  uterine  mucous  membrane.  The 
well  known  influence  of  castration  on  the  uterus  establishes  the  func- 
tional importance  of  the  ovary  in  relation  to  uterine  nutrition  and 
function.  After  removal  of  the  ovaries  in  young  animals  uterine  de- 
velopment lags  and  ends  in  hypoplasia.  The  production  of  artificial 
menopause  by  ovariotomy  as  a therapeutic  measure  also  shows  that 
the  organ  greatly  influences  the  nutrition  and  circulation  of  the  uterus. 
Except  in  a very  general  and  superficial  way,  nothing  is  known  concerning 
the  substance  or  substances  and  the  mode  of  action  by  which  the  obvious 
results  of  castration  are  brought  about.  Enlargement  of  the  ovary  seen 
during  pregnancy  and  the  changes  observed  in  the  corpus  luteum  verum 
as  compared  with  the  corpus  luteum  spuriosum  are  suggestive,  but  not 
as  yet  satisfactorily  understood. 

Malformations  and  Malpositions. — The  ovaries  may  be  absent;  in  such 
cases  deformity  of  the  uterus  is  frequently  present.  Absence  of  one 
ovary  is  occasionally  observed.  The  reported  supernumerary  ovaries 
are  for  the  most  part  of  doubtful  nature.  Roberts  states  that  super- 
numerary ovaries  do  not  occur,  and  that  the  bodies  so  described  have 
another  origin.  Eden1  believes  that  the  supernumerary  ovary  reported  by 
Winckel  must  be  accepted.  The  organ  lay  in  front  of  the  broad  ligament 
and  was  attached  to  the  uterus.  Supernumerary  ovaries  possess  their 
own  ducts;  accessory  ovaries  are  without  ducts.  The  latter  are  more 
frequent.  Frank2  reported  a papillary  cystadenoma  of  a third  ovary. 
One  or  both  ovaries  and  frequently  misplaced  organs  may  be  hypoplastic 
or  infantile.  Malpositions3  of  the  ovary  may  be  congenital  or  acquired. 
Rarely  the  ovary  fails  to  descend  and  may  lie  above  the  pelvic  brim.  The 
ovary  may  be  prolapsed  behind,  laterally  or  in  front  of  the  uterus  or 
when  the  latter  organ  descends  the  ovary,  unless  abnormally  attached, 
accompanies  it.  Hernia  of  the  ovary  may  occur  through  any  patent  or 
readily  dilatable  opening  in  the  abdominal  wall  provided  the  ovarian 
attachments  are  sufficiently  long  to  reach  the  point  of  exit.  Of  88  in- 
guinal hernias  of  the  ovary  collected  by  Andrews,  3 1 were  on  the  right 
side,  44  on  the  left,  and  8 were  bilateral.  In  5 the  location  was  not  stated. 
Of  the  5 cases  of  femoral  hernia  3 were  on  the  right  and  2 on  the  left. 
Obturator  hernia  and  ischiatic  hernia  also  occur.  Twists  of  the  pedicle, 
strangulation,  and  incarceration  may  be  seen. 

Atrophy  of  the  ovary  is  a physiologic  process  after  the  menopause. 
Such  organs  are  small,  fibroid,  pale,  often  granular  and  nodular.  Pres- 
sure on  the  ovary  as  a result  of  adhesions,  tumors,  cysts,  enlarged  and 
misplaced  uterus,  or  from  other  causes,  results  in  atrophy  of  the  organ. 
Misplaced  ovaries  may  be  enlarged,  but  microscopic  examination  usually 
shows  that  disturbances  in  nutrition  have  resulted  in  atrophy  of  the  ova- 
producing  structures.  As  a result  of  chronic  indurations,  inflammatory 

1 Manual  of  Gynecology,  19 11,  p.  530. 

2 Surg.  Gyn.  and  Obstet.,  Jan.,  1989. 

3 Andrews,  Jour.  Amer.  Med.  Assoc.,  Nov.  24,  1906,  p.  1707.  Ward,  Jour. 
Amer.  Med.  Assoc.,  Nov.  2,  1907,  p.  1510.  Carstens,  Jour.  Amer.  Med.  Assoc., 
Nov.  2,  1907,  p.  1512.  Stratz,  Zeit.  f.  Geburts.  u.  Gvnak.,  1909,  Bd.  lxv,  H.  2,  p. 
283. 
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or  otherwise,  wasting  occurs.  The  premature  atrophy  of  developing  ova 
may  result  in  the  formation  of  follicular  cysts. 

Hypertrophy  of  the  ovary  rarely,  if  ever,  occurs.  Premature  en- 
largement of  the  organ  accompanying  precocious  menstruation,  might  be 
looked  upon  as  a manifestation  of  hypertrophy.  The  early  removal  or 
destruction  of  one  ovary  produces  no  conspicuous  hypertrophic  change  in 
the  remaining  organ.  The  ovarian  enlargements  accompanying  ectopia, 
disturbed  circulation,  and  inflammatory  processes  are  not  hypertrophies. 

Hyperemia  of  the  ovary  attends  menstruation  and  acute  inflammations. 
The  more  vascular  organs  observed  during  pregnancy  is  an  evidence  of 
the  participation  of  the  ovarian  action  in  this  function. 

Congestion  of  the  ovary  may  be  due  to  cardiac  disease  and  other 
forms  of  venous  retardation  and  is  not  uncommon  i.n  misplaced  ovaries; 
especially  when  pressure  or  torsion  impedes  the  venous  return.  In  the 
absence  of  fibrosis  congested  ovaries  are  large,  edematous,  and  red  or  pur- 
plish. When  the  condition  persists  interstitial  fibrosis  and  atrophy 
without  necessary  reduction  in  the  size  of  the  ovary  may  occur. 

Ovarian  hemorrhage  may  occur  into  the  Graafian  follicles,  follicular 
hemorrhage,  into  a corpus  luteum,  into  the  interstices  of  the  ovary, 
interstitial  hemorrhage,  or  into  the  peritoneal  cavity.  When  occurring 
in  the  organ  it  is  sometimes  called  ovarian  apoplexy  or  hematoma  of  the 
ovary.  Congestions  and  especially  torsions  of  the  veins  ,may  give  rise 
to  sudden  interstitial  or  follicular  hemorrhage,  particularly  the  former, 
sometimes  resulting  in  a rapid  and  enormous  enlargement  of  the  organ. 
The  entire  ovary  may  undergo  necrosis;  such  a termination  is  unusual. 
The  changes  which  occur  resemble  those  seen  in  infarction  (p.  274). 

Lejars1  recognizes  acute  and  chronic  torsions  of  the  ovary  and  of 
ovarian  tumors;  the  acute  rapidly  develop  and  are  complete,  giving  rise  to 
the  changes  just  indicated.  In  chronic  torsion,  venous  obstruction,  of 
varying  degrees  of  intensity  but  never  complete,  is  almost  constantly 
present.  In  most  instances  the  blood  coagulates  and  later  liquefies  and 
is  absorbed.  A scar  which  may  be  pigmented  remains.  External 
rupture  and  fatal  internal  hemorrhage  are  exceedingly  rare;  Burger2 
operated  upon  such  a case  and  found  two  liters  of  fluid,  mostly  blood, 
in  the  abdominal  cavity.  Ovarian  hemorrhages  accompanying  infectious 
diseases  are  usually  interstitial,  slight,  and  unimportant. 

Ovarian  concretions  or  stones  in  the  ovary  consist  of  firm,  calcified 
bodies,  grayish  or  reddish  in  color,  ovoidal  and  smooth  or  slightly  granu- 
lar, consisting  of  fat,  cholesterin,  phosphates  of  calcium  and  magnesium, 
and  traces  of  chlorids  and  sulphates.  It  is  usually  evident  that  the 
stone  has  arisen  in  a follicle  and,  it  is  probable,  has  resulted  from  calcifica- 
tion of  a follicular  hemorrhage  or  other  necrotic  intrafollicular  substances. 

Inflammation  of  the  ovary,  oophoritis,  may  be  acute  or  chronic,  pri- 
mary or  secondary.  Primary  inflammation  of  an  ovary  occupying  a normal 
position  may  possibly  be  due  to  hematogenous  infection  or  to  embolism 
but  is  exceedingly  rare.  Most  inflammations  of  the  ovary  are  secondary 
to  bacterial  invasion  of  contiguous  tissues  and,  therefore,  examples  of 
propagated  infection.  Trauma,  hemorrhage,  or  other  forms  of  injury, 
and  the  succeeding  reparative  process  necessarily  induces  inflammatory 
phenomena.  Secondary  inflammations  of  the  ovary  also  result  from 
peritonitis,  infections  extending  from  the  Fallopian  tube,  parametrium, 

1 Sem.  Med.,  July  17,  1907,  p.  337. 

2 Amer.  Jour.  Med.  Sci.,  Sept.,  1904,  p.  549. 
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or  other  contiguous  tissue.  Ovaries  in  hernial  sacs  frequently  inflame. 
Pyemias  and  septicemias,  and  infectious  diseases  attended  by  bacteremia 
such  as  typhoid,  plague,  and  cholera,  may  give  rise  to  oophoritis.  One 
of  the  most  severe  forms  of  ovarian  inflammation  is  that  accompanying 
puerperal  sepsis  in  which  tube,  ovary,  and  pelvic  peritoneum  are  affected. 
Based  on  the  character  of  the  inflammatory  process  it  is  possible  to  recog- 
nize a serous  form  (oophoritis  serosa)  in  which  the  organ  is  enlarged, 
hyperemic,  and  edematous.  In  hemorrhagic  oophoritis  circumscribed 
and  diffused  hemorrhages  are  present.  Pyogenic  infection  of  the  ovary 
results  in  a suppurative  oophoritis,  oophoritis  purulenta ; the  polymor- 
phonuclear leukocytes  may  be  collected  in  minute  foci,  so-called  miliary 
abscesses,  or  the  suppuration  may  be  diffuse.  Larger  purulent  collec- 
tions, massive  abscesses  of  the  ovary,  in  which  the  lesion  embraces  a 
major  portion  of  the  organ,  are  less  frequent  and  usually  result  from 
confluence  of  many  smaller  abscesses.  Propagated  infection  extending 
to  the  surface,  or  the  rupture  of  an  ovarian  abscess,  may  induce  sup- 
purative peritonitis.  Adhesions  may  bind  the  ovary  to  a Fallopian 
tube  into  which  the  abscess  ruptures,  tuboovarian  abscess.  Extensions 
into  the  bladder  or  into  an  attached  loop  of  large  or  small  intestine,  or 
into  the  rectum  are  also  paths  by  which  the  pus  sometimes  escapes. 
Suppuration  in  a prolapsed  ovary  may  result  in  the  discharge  of  an  abscess 
through  some  pathway  not  possible  in  an  ovary  occupying  its  normal 
position.  This  is  true  of  most  vesical  and  rectal  perforations  and  of 
abscesses  opening  into  the  vagina.  Suppurative  perioophoritis  is  really 
a form  of  serous  membrane  inflammation.  (See  p.  455.)  With  regard 
to  the  portion  of  the  ovary  involved,  the  inflammation  may  be  primarily 
follicular  or  interstitial,  quickly  becoming  diffuse  and  involving  both 
structures.  In  all  forms  of  oophoritis  peritoneal  irritation  or  infection 
usually  results  in  the  formation  of  adhesions  by  which  the  ovary  is  at- 
tached to  any  contiguous  structure  with  which  it  chances  to  be  brought 
in  apposition  during  the  inflammatory  process.  In  this  way  the  ovary 
is  frequently  bound  in  abnormal  positions,  the  tunics  greatly  thickened, 
and  the  organ  covered  by  bands  of  cicatricial  tissue. 

Chronic  oophoritis  embraces  the  contracted,  sclerosing  processes  at- 
tended by  a notable  increase  in  fibrous  tissue  and  great  thickening  of 
the  tunica  .albuginea.  It  may  be  a sequence  of  repeated  acute  inflam- 
mations or  an  insidious,  slowly  progressing  fibrosis  of  arteriosclerotic 
origin,  or  the  result  of  long  continued  interference  with  the  blood  supply 
that  notably  accompanies  displacements  of  the  organ.  Among  the  causes 
of  chronic  oophoritis  pelvic  infections,  particularly  those  of  the  puerperium 
and  those  due  to  gonorrhea,  occupy  important  positions.  In  chronic 
cortical  oophoritis  thickening  of  the  tunica  albuginea  is  most  marked; 
cellular  infiltration  of  the  cortex,  notably  around  the  vessels,  and  advanc- 
ing fibrosis  lead  to  induration;  the  follicular  destruction  is,  in  some  cases, 
nearly  complete.  In  chronic  interstitial  oophoritis  the  irritant,  what- 
ever it  may  be,  manifests  its  first  activity  in  the  area  of  the  hilum,  gradu- 
ally progressing  as  Pinto1  has  shown  until  the  entire  organ  is  affected, 
therefore  constituting  a chronic  diffuse  oophoritis. 

Tuberculosis  of  the  ovary2  is  rarely  primary,  commonly  it  is  due  to 
extension  from  a Fallopian  tube  or  other  contiguous  structure.  Acute 

1 Zentralbl.  f.  Gynak.,  June  n,  1904. 

2 Celler,  Amer.  Jour.  Obst.,  Oct.,  1904.  Glockner,  Amer.  Jour.  Med.  Sci.,  Sept., 

1 9°4i  P-  551. 
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hematogenous  infection  gives  rise  to  miliary  tubercles.  In  most  in- 
stances the  lesion  is  caseous,  or  fibrocaseous,  and  chronic,  showing  the 
usual  manifestations  of  these  types  of  tuberculosis.  Tuberculosis  of 


Fig.  450. — Ovarian  Cyst,  Early  Stage  of  Formation. 

Irregular  cavities  lined  with  tall  columnar  epithelium  which  has  shrunken  away  from  the  wall  of  the  cyst 
during  process  of  fixation.  In  one  space  the  epithelium  has  dropped  out  entirely.  (Roberts.) 

the  ovary  may  be  secondary  to,  and  constitute  an  involvement  of,  ovarian 
cyst  and  tumors.  Glockner  observed  13  cases  of  secondary  tuberculous 
infection  of  an  ovarian  cyst  and  one  of  ovarian  cancer. 


Fig.  451. — Ovarian  Cyst  of  Simple  Adenomatous  Type. 

Section  of  the  more  solid  portion  of  a simple  multilocular  glandular  cyst  of  the  ovary  under  low  power, 
to  show  the  complex  nature  of  the  growth.  Innumerable  cystic  spaces  are  seen  in  the  section,  lined 
by  a simple  layer  of  columnar  epithelium  like  that  of  a mucous  gland.  In  some  areas  the  spaces  are 
large  and  filled  with  mucin;  in  others  the  spaces  are  smaller  and  crowded  together  in  great  complexity. 

Actinomycosis  of  the  ovary  is  one  of  the  rarest  manifestations  of  the 
disease.  Taylor  and  Fisher1  report  the  only  primary  case  of  which  I 
have  any  knowledge;  the  other  six  recorded  cases  were  secondary. 

1 Lancet,  March  13,  1909. 
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Syphilis  of  the  ovary  is  also  rare.  The  parasite  of  this  disease  has 
been  demonstrated  in  organs  showing  no  gross  lesion.  Gummata  have 
been  observed. 

Tumors  of  the  Ovary. — In  no  other  organ  is  the  difficulty  in  a satis- 
factory grouping  of  neoplasms  greater.  The  old  division  into  solid  and 
cystic  tumors  is  manifestly  inadequate;  less  than  ten  per  cent,  of  the 
ovarian  new  growths  are  solid  and  many  of  the  cysts  are  so  clearl)  tumors 


Fig.  452. — Ovarian  Cystadenoma.  Multilocular. 

Entire  tumor  weighed  25  pounds;  contents  of  cysts  muciginous.  1.  Outer  surface  of  main  cyst  wall. 
2,  2.  Large  secondary  cysts.  3,  4.  Smaller  cysts.  5.  Adhesions  on  the  surface  of  the  main  cyst. 
(Roberts.) 


that  the  suggested  two  groups  offer  no  material  help  even  in  diagnosis. 
The  structures  in  the  ovary  from  which  tumors  are  supposed  to  arise 
are  the  Graafian  follicle,  the  germinal  cells,  some  vestige  of  the  Wolffian 
body,  the  connective  tissue  of  the  ovary,  and  from  the  blood-  and  lymph- 
vessels.  The  discussion  of  ovarian  neoplasms  and  cysts  makes  little 
attempt  to  group  systematically. 

Hydrops  folliculorum  or  follicular  cysts  result  from  the  degeneration 
of  Graafian  follicles  without  rupture.  These  cysts  are  usually  multiple, 
thin  walled,  and  lined  with  columnar  epithelium  which,  in  the  larger  cysts, 
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is  notably  flattened  and  sometimes  not  demonstrable.  Such  c)^stic 
ovaries  are  rarely  larger  than  a good-sized  fist,  occasionally,  however, 
a cyst  of  this  type  attains  a diameter  of  20  cm.  to  30  cm.  The  contained 
fluid  is  usually  clear.  Blood,  cellular  detritus,  and  pigment  are  occasionally 
observed.  A number  of  cysts  developing  contiguously  may,  by  absorp- 


453- 

Cyst-adenonia  of  the  ovary  (Charing  Cross  Hospital  Museum).  A portion  of  the  cyst  wall  has  been  removed 
down  septa.  “(£)  character  of  the  tumor'  The  midges  seen  in  the  interior  are  traces  Sf  broken 


tion  of  the  intervening  walls  at  points  of  contact,  result  in  the  forma- 
tion of  a large  cyst  with  communicating  loculi. 

Corpus  luteum  cysts  are  less  frequent;  the  walls  are  thicker  than 
those  of  follicular  cysts,  and  in  the  earlier  stage  are  convoluted. 

Adenoma  or  cystadenoma,  adenomatous  cyst  of  the  ovary,  multilocular 
cystadenoma,  or  proliferating  multilocular  cyst  is  the  most  frequent  ovarian 
growth,  often  attaining  an  enormous  size.  Cysts  with  their  contents 
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weighing  from  fifty  to  seventy-five  kilos  are  rarely  seen,  but  the  smaller 
growths^ frequently  removed  by  surgeons  would,  if  not  operated  upon, 
have  attained  such  dimensions.  Concerning  their  origin  little  is  accu- 
rately determined.  They  arise  from  the  germinal  epithelium,  Graafian 
follicles,  corpus  luteum,  or  one  of  the  embryonal  vestiges  of  the  organ. 
Eden  believes  that  their  derivation  from  germinal  epithelium  is  established; 
other  writers  are  less  positive.  Primarily  the  growth  is  multilocular  but 
the  absorption  of  many  septa  may  result  in  a single  large  cyst,  in  some  parts 
of  the  wall  of  which  numerous  smaller  cysts  are  found.  Parts  of  the 
atrophied  septa  may  remain  as  tall  or  flattened  ridges  still  indicating  the 
outline  of  separate  cysts  which  have  merged.  In  the  smaller  cysts  the 
epithelium  is  columnar,  tall,  the  cells  possessing  large,  ovoidal  or  spheroidal 
basal  nuclei.  Rarely  more  than  one  layer  of  cells  is  present.  The 


Fig.  454. — Papillomatous  Ovarian  Tumor. 

1.  Remains  of  ovary  partially  converted  into  a cyst,  which  has  burst.  2.  Cystic  portion  of  ovary.  Its 
interior  is  filled  with  papillomatous  growth.  3,  3,  3.  Papillomatous  masses  in  which  the  ovary  is 
embedded.  Many  of  these  have  sprouted  through  the  cyst  wall.  4.  Pedicle. 

The  disease  was  bilateral;  it  occurred  in  a woman  of  28.  There  were  no  deposits  in  the  peritoneum.  The 
growth  consists  of  pure  myxomatous  tissue  lined  with  columnar  epithelium.  There  is  no  evidence  of 
carcinoma.  {Roberts.) 


connective  tissue  forming  the  wall  of  the  cyst  is  condensed  externally 
and  more  cellular,  often  containing  gland-like  structures  in  the  deeper 
layers  and  in  the  septa  at  their  thickest  points.  Large  vessels  course  over 
the  tumor  and  branches  penetrate  and  follow  the  septa  which  are  often 
quite  vascular.  Extension  and  proliferation  of  the  adenomatous  ele- 
ments can  usually  be  recognized  in  the  external  wall  or  in  the  septa, 
consequently  the  cyst  may  increase  in  size  from  greater  distention  of 
formed  loculi  or  by  the  production  of  new  loculi  in  the  areas  of  adeno- 
matous proliferation.  The  contained  fluid  does  not  always  possess  the 
same  physical  and  chemical  characters.  The  specific  gravity  is  rarely 
below  1. 010  or  over  1.030.  Albumins  and  mucin-like  bodies  (pseudo- 
mucin) are  present.  A contained  glycoproteid  reduces  copper  sulphate 
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in  the  presence  of  an  alkali  and  is  not  precipitated  by  boiling  or  by  the 
mineral  acids.  The  viscosity  of  the  fluid  varies;  it  is  often  syrupy  or 
even  thicker.  Extravasated  blood  may  render  it  brownish  or  greenish 
or  some  shade  of  yellow.  The  resemblance  to  partly  liquefied  gelatin 
has  led  to  the  use  of  the  term  gelatinoid  or  colloid  cysts;  both  terms  are 
objectionable.  Microscopically  the  fluid  usually  contains  a few  leuko- 
cytes, desquamated  epithelium,  and  granular  detritus  in  which  pigment  is 
sometimes  present.  Cholesterin  and  other  crystals  are  also  found. 


l 


6 57 

Fig.  455. — Ovary,  Dermoid  Cyst. 


An  ovarian  cyst  with  thick  walls.  The  interior  is  occupied  by  a raised  area  of  soft  tissue  covered  with  true 
skin;  numerous  hairs  project  from  the  surface,  and  in  places  nipple-like  processes  are  seen.  Below 
and  to  the  left  are  three  well-marked  teeth. 

r.  Fimbriated  extremity  of  the  tube.  2.  Meso-salpinx.  3.  Mass  of  skin,  hairs,  and  nipple-like  projections. 
4.  Cyst  wall.  5.  Three  well-formed  teeth.  6.  Remains  of  ovarian  tissue.  7,  7.  Secondary  cysts 
in  the  wall  of  main  cyst.  8.  Pedunculated  cyst  of  the  fimbriae  (hydatid  of  Morgagni).  (Roberts.) 

Indications  are  that  the  fluid  is  produced  by  the  epithelium,  the  cells  of 
which  may  assume  goblet  contours  and  be  distended  by  secretion.  The 
increment  resulting  from  degeneration  and  desquamation  of  epithelium, 
transudation  from  the  vessels,  leukocyte  migration,  and  hemorrhage  is 
probably  not  large.  Adhesions,  resulting  in  fixation,  are  frequently 
formed.  The  intestines  are  pressed  upward  and  pressure  is  also  exerted 
upon  the  uterus,  bladder,  colon,  sigmoid,  and  rectum.  Inflammation 
and  suppuration  are  occasionally  observed.  Sometimes  infection  and 
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suppuration  occur,  occasionally  as  a complication  of  infectious  diseases  si 

such  as  typhoid.1  , , , 

Papilliferous  or  papillary  cyst  of  the  ovary,  also  called  cystadenoma  | 

papilliferum,  is  a closely  related  tumor  the  cyst  cavities  of  which  show  1 
on  their  walls  varying  degrees  of  papillary  growth.  They  are  more  fre- 
quently unilocular  than  cystadenoma  and  usually  do  not  grow  so  large,  j 
The  epithelium  is,  as  a rule,  not  so  high.  The  papillae  are  of  the  villous  | 
type  (see  p.  312)  each  consisting  of  a central  core  of  delicate  connective 
tissue  containing  blood-vessels  and  covered  by  a mantle  of  epithelial  J 
cells;  branching  is  frequently  observed.  The  amount  of  the  papillary 
growth  vanes  from  small  velvety  patches  to  large  masses  occupy  ing  most 


Fig.  456. — Teeth  from  Ovarian  Dermoid. 

An  irregular  branching  piece  of  bone  contained  in  a dermoid  cyst  of  the  ovary,  in  which  are  implanted 
well-formed  teeth.  1,  1.  Bony  mass.  2.  A tooth  resembling  a canine  of  the  first  dentition.  3,  3,  3* 
Teeth  resembling  molars.  (Roberts.) 


of  the  space  in  smaller  cysts.  The  papillary  growth  eventually  extends 
through  the  wall  of  the  cyst  and  appears  on  the  surface,  whence  it  is  prop- 
agated to  the  peritoneum,  first  as  small  warty  elevations  upon  the 
contiguous  serosa  and  eventually  as  a widespread  involvement.  Some- 
times before  extension  to  the  peritoneum,  and  practically  always  after, 
ascites  appears.  Metastasis  to  the  thoracic  contents  is  usually  a late 
manifestation.  The  origin  of  these  cysts  is  uncertain.  Eden  states 
that  the  view  that  they  arise  from  Wolffian  relics  is  now  known  to  be 
untenable.  The  fact  that  similar  papillomatous  growths  may  appear 
on  the  surface  of  noncystic  ovaries  and  manifest  similar  disseminating 
tendencies,  is  suggestive  of  origin  from  germinal  cells.  Although  this 

1 Zantschenko,  Monats.  f.  Geburts.  u.  Gynak.,  Bd.  xix,  [H.  1.  Waldagne, 
Centralbl.  f.  Bakt.,  March  ii,  1905,  p.  249. 
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form  of  tumor  is  usually  regarded  as  malignant,  or  potentially  so,  it  is 
known  that  relapse  may  not  follow  removal1 2  and  that  even  after  papillary 
growths  have  developed  on  the  serosa  excision  of  the  papillary  tumor 
may  result  in  a cure.  Nevertheless  the  line  of  distinction  between  such 
growths  and  true  cancer  cannot  be  sharply  drawn,  and  the  term  papil- 
lary cancer  given  to  the  more  malignant  of  the  papilliferous  cystadeno- 
mata  apparently  rests  on  sound  clinical  grounds. 

Cancer  of  the  ovary  may  be  primary  or  secondary.  Of  the  highly 
malignant  forms  of  tumor  described  in  preceding  chapters  nothing 
further  need  be  said.  Scirrhous  and  encephaloid  types  of  ovarian  car- 
: cinoma  occur  as  primary  growths  and  show  the  usual  metastatic  ten- 
i dency  of  such  neoplasms.  Cylindric-cell  carcinoma  (adenocarcinoma)  also 
; occurs.  Occasionally  cancer  of  the  ovary  manifests  a tendency  to  colloid 
i change.  Squamous-cell  cancers  of  the  ovary  probably  arise  from  tera- 
tomata or  dermoid  growths.  Primary  carcinoma  of  the  ovary  sometimes 
affects  both  organs  or  may  be  primary  in  one  ovary  and  secondary  in  the 
other.  Ovarian  cancer  gives  rise  to  secondary  deposits  in  the  peritoneum 
and  omentum  and  may  disseminate  through  the  pedicle.  It  is  frequently 
stated  that  secondary  cancer  of  the  ovary  is  rare;  the  observations  of 
Bland-Sutton3  tend  to  discredit  this  view.  The  ovarian  growth  may  be 
secondary  to  cancer  of  the  Fallopian  tube  or  uterus,  alimentary  canal,  or 
mamma. 

Connective-tissue  tumors  of  the  ovary  are  relatively  infrequent. 
Ovarian  fibromata  are  dense  tumors,  frequently  bilateral,  and  show  the 
usual  histology  of  such  fibrous  neoplasms.  Myofibroma  and  adenomyoma 
occasionally  involve  the  ovary.  Sarcomata  are  also  infrequent;  they  are 
usually  mixed-cell  although  pure  spindle  types  are  occasionally  observed. 
Melanotic  sarcoma3  of  the  ovary  is  among  the  rarest  tumors. 

Endothelioma  and  perithelioma  are  among  the  rarer  ovarian  tumors. 

An  interesting  form  of  ovarian  neoplasm,  also  rare,  is  a tumor  contain- 
ing structures  resembling  thyroid,  and  called  by  Pick  struma  colloides 
ovarii  aberrata,4  or  simply  struma  ovarii.  The  resemblance  to  colloid 
goiter  is  often  striking.  Pick  believes  that  the  neoplasm  is  a form  of 
teratoma. 

Dermoid  cysts  of  the  ovary5  are  forms  of  teratoma,  the  embryoma  of 
Wilms.  They  are  slow  growing  tumors  frequently  observed  in  young 
women,  but  occurring  at  all  ages.  They  possess  the  usual  characters  of 
dermoids  (see  p.  364),  and  contain  hair,  fat,  keratin  in  the  form  of  horn, 
teeth,  connective-tissue  structures  such  as  bone,  cartilage,  and  muscle, 
both  striped  and  unstriped.  Ganglion  cells,  medullated  fibers,  and  neu- 
roglia are  occasionally  present;  they  are  usually  unilocular  but  sometimes 
both  ovaries  are  involved.  Teratomata  and  dermoids  are  usually  small, 
rarely  weighing  a kilo;  Brownlee6  recorded  a dermoid  weighing  15  kilos 
removed  from  a spinster  60  years  of  age. 


1 Pozzi,  Amer.  Jour.  Obstet.,  Oct.,  1904. 

2 Brit.  Med.  Jour.,  Jan.  4,  1908,  p.  5. 

3 Winternitz,  Johns  Hopkins  Hosp.  Bull.,  Oct,,  1909. 

4 Bell,  Obst.  Soc.  of  London,  June  7,  1905.  Frank,  Amer.  Jour.  Obst.,  vol.  lx, 
No.  3,  1909.  Norris,  Amer.  Jour.  Obst.,  vol.  lx,  No.  6,  1909. 

Askanazy,  Die  Dermoidcysten  des  Eierstocks,  Stuttgart,  1905.  Pappa,  Ann. 
des  mal.  des  organes  gen.-urin.,  Dec.  15,  1904.  Norris,  Amer.  Jour.  Obst.,  vol. 
liii,  No.  6,  1906. 

“Annals  of  Surgery,  Jan.,  1907. 
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FALLOPIAN  TUBE. 

Malformations  of  the  Fallopian  Tube.1 — Absence  of  the  oviducts  may 
be  unilateral  or  bilateral.  Hyperplastic  or  rudimentary  tubes  are  more 
frequent;  nonfimbriated  or  imperfectly  fimbriated  tubes  are  still  more 
common.  So-called  multiple  oviducts  are  usually  examples  of  accessory 
openings,  duplicated  or  triplicated  pavilions.  Diverticula  are  occasion- 
ally encountered.  Stenoses  and  atresias  of  congenital  origin  occur.  The 
insertion  of  tube  into  the  uterine  horns  may  be  abnormal. 

Malpositions  of  the  Fallopian  tubes  may  be  congenital  or  acquired, 
some  of  the  former  accompany  malformations  and  malpositions  of  the 

uterus.  A Fallopian  tube  may  be  longitudinally 
attached  to  the  uterus,  usually  posteriorly.  Pro- 
lapse or  malposition  of  the  ovary  commonly 
changes  the  position  and  relation  of  the  corre- 
sponding duct.  Fallopian  tubes  with  or  without 
their  accompanying  ovaries  may  be  present  in  her- 
nias.2 As  a result  of  inflammation  involving  the 
Fallopian  tubes  or  the  appendix  the  two  struc- 
tures are  frequently  attached  by  adhesions.3 
Bland-Sutton  reported  a case  in  which  an  appen- 
dicular abscess  discharged  through  the  oviduct. 

Atrophy  of  the  Fallopian  tubes  follows  the  meno- 
pause (senile  atrophy) . An  oviduct  attached  to 
the  outside  of  a growing  tumor  may  by  traction  be 
wasted  to  a thin  membranous  band  or  cord.  Ex- 
ternal pressure  on  the  tube  by  tumors,  cysts,  and 
inflammatory  adhesions,  and  internal  pressure  due 
to  inflammatory  exudates,  blood,  retained  tubal 
menses  and  tumors,  also  give  rise  to  wasting  of  the 
wall  of  the  organ. 

Hypertrophy  of  the  Fallopian  tubes  in  a sense 
that  the  functional  power  of  the  organ  is  increased,  does  not  occur.  The 
mucosa  may  be  thickened  and  increase  in  the  thickness  of  the  muscle 
and  serous  layers  is  occasionally  observed;  these  changes,  however,  are 
usually  due  to  inflammation. 

Hematosalpinx  may  be  continuous  with  blood  accumulation  in  the 
uterus,  or  uterus  and  vagina.  One  of  the  most  frequent  causes  of  hemato- 
salpinx is  tubal  pregnancy.  Tubal  menstruation  and  some  forms  of 
salpingitis  may  give  rise  to  hematosalpinx.  Occlusion  of  both  ends  of  the 
tube  with  the  accumulation  of  fluid  (not  bloody)  is  called  sactosalpinx. 

If  the  fluid  be  thin  and  watery  the  condition  is  called  hydrosalpinx.  In 
pyosalpinx  the  tube  contains  pus.  Hydrosalpinx,  mucosalpinx,  and  pyo- 
salpinx  are  usually  of  inflammatory  origin;  the  last  named  is  commonly 
the  result  of  gonorrhea. 

Salpingitis  or  inflammation  of  an  oviduct  may  be  unilateral  or  bi- 
lateral, acute  or  chronic,  and  is  manifested  by  the  usual  changes  observed 
in  inflammation  of  mucous  membranes  (see  p.  551).  Inflammation  | 

1^.  1 Debierre,  Malformations  of  the  Genital  Organs  of  Woman,  1905,  Simes’  Trans- 

- Andrews,  Jour.  Airier.  Med.  Assoc.,  Nov.  2 c,  190=;.  Parkes,  four.  Amer.  Med. 
Assoc.,  Aug.  20,  1910,  p.  649. 

3 Bland-Sutton,  Brit.  Med.  Jour.,  July  15,  1905.  Cole,  Jour.  Amer.  Med. 
Assoc.,  Nov.  7,  1908,  p.  1598.  y 
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Fig.  458. — Uterus,  Fallopian  Tubes,  Bladder  and  Rectum. 

Double  hydrosalpinx  with  marked  distention.  The  distal  ends  of  the  Fallopian  tubes  are  attached  by 

firm  adhesions  in  Douglas’  pouch.  (Roberts.) 


- ' » 


Fig.  459. — Chronic  Salpingitis. 

Under  a high  power  the  round-celled  infiltration  of  the  stroma  is  seen;  detached  and  swollen  epithelial  cells 

are  present  in  the  interstices.  (Eden.) 
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especially  involving  the  muscle  and  connective  tissues  has  been  called 
interstitial  salpingitis,  and  when  surrounding  the  tube  is  perisalpingitis. 

Acute  catarrhal  salpingitis  in  the  simplest  and  mildest  from  is  little 
known.  It  is  alleged  that  it  may  follow  cold  and  exposure  particularly 
during  menstruation,  may  be  secondary  to  the  milder  forms  of  acute 
endometritis,  or  be  due  to  infection  by  continuity,  contiguity,  or  be  of 
hematogenous  origin.  The  mucosa  shows  the  ordinary  changes  of  a mild 
acute  catarrhal  inflammation  (see  p.  551).  It  occasionally  follows 
the  acute  form  but  is  usually  a late  stage  of  a mild  suppurative  lesion 
or  is  a persisting  infection  in  which  frank  suppuration  has  not  occurred. 

Chronic  catarrhal  salpingitis  is  usually  the  result  of  persisting  in- 
fection, especially  when  adhesions,  angulations,  narrowings  or  stric- 
tures, uterine  tumors  or  other  causes  prevent  free  drainage  of  the  tube. 
As  in  other  chronic  catarrhal  inflammations  cellular  hyperplasia  occurs  in 
the  submucosa,  the  epithelium  proliferates,  desquamates,  necroses,  and, 
as  a result  of  the  denudation,  adhesions  form.  Strictures  or  uniform 
narrowing,  or  alternate  stricture  and  saccular  dilatation,  produce  multi- 
form distortions  of  the  tube.  The  connective  tissue  hyperplasia  may  be 
restricted  to  the  submucosa  or  involve  the  muscle  layer  which  may  become 
greatly  thickened,  a condition  which  has  received  the  unfortunate  name  of 
hypertrophic  myosalpingitis.  It  is  probably  nothing  more  than  an  ex- 
tension of  the  interstitial  salpingitis,  although  Rouzski1  believes  that 
the  two  conditions  can  be  distinguished. 


Fig.  460.  Fallopian  Tube,  Puerperal  Salpingitis  due  to  Gonorrhea;  Pyosalpinx. 
Observe  great  thickening  of  wall  and  occlusion  of  the  abdominal  ostium.  The  tube  contained  thick,  yellow 

pus.  (Roberts.) 

Suppurative  salpingitis  is  due  to  infection  of  the  oviduct  by  pyogenic 
organisms,  commonly  the  gonococcus,  consequently  the  usual  appella- 
tion gonorrheal  salpingitis,  is,  in  most  cases',  correct.  Gurd2  concludes 
that  at  least  eighty  per  cent,  of  inflammations  of  the  oviduct  are  due  to 
the  gonococcus.  Although  usually  a disease  of  adults,  notably  during  the 
sexually  active  period,  it  is  also  known  that  gonorrheal  salpingitis  occurs 
m infancy  and  in  childhood.2  Suppurative  salpingitis  accompanying 
puerperal  infections,  is  usually  of  gonorrheal  origin  but  may  be  due  to 
infection  by  other  pyogenic  bacteria,  notably  streptococci  and  staphylo- 
cocci. Primarily  the  lesion  affects  chiefly  the  mucosa  and . submucosa; 
m the  earlier  stages  the  swollen,  often  eroded  and  intensely  hyperemic 

‘ Roussky  Vratch,  Dec.  11,  1904. 

3 Med.  Research,  Aug.  1910,  p.  151. 

ic  well,  and  also  Carpenter,  Brit.  Jour.  Children’s  Dis.,  Oct.,  1904. 
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mucous  membrane  is  infiltrated  by  polymorphonuclear  leukocytes  which, 
escaping  into  the  lumen,  may  pass  onward  into  the  uterus  or  be  discharged 
into  the  peritoneum;  in  the  latter  case  the  contained  organism  gives  rise 
to  gonococcal  peritonitis.  Erosions  of  the  mucosa  and  adhesions  between 
the  eroded  surfaces,  or  exudative  occlusion,  may  seal  one  or  both  ends  of 
the  affected  tube.1  In  the  latter  case  the  accumulation  of  pus  in  the 
interior  of  the  tube  results  in  a pyosalpinx.  The  distention  may  be 
uniform  producing  a sausage-like  enlargement,  or  it  may  be  irregular  and 
sacculated.  In  the  acute  stages  of  the  inflammation  miliary  abscesses 
may  be  formed  in  the  wall  of  the  tube.  Chronic  suppurative  salpingitis 
is  due  to  persistence  of  the  infection,  is  attended  by  milder  exudative 
phenomena,  polymorphonuclear  leukocytes  are  less  abundant,  and  the  wall 


Fig.  461. — Chronic  Pyosalpinx. 

(Charing  Cross  Hospital  Museum.) 

The  dilatation  is  fairly  uniform,  the  tube  wall  is  thickened,  and  a septum  is  formed  near  the  abdominal  end 

(Eden.) 

of  the  tube  often  contains  collections  of  lymphocytes,  plasma  cells,  and 
mast  cells.  Fibrous  tissue  production  is  often  excessive.  The  infection 
occasionally  assumes  quiescent  stages  interrupted  by  recurring  acute  at- 
tacks. The  bacteria  may  be  propagated  through  the  tube  into  the  peri- 
toneum or  an  acute  local  or  diffuse  peritonitis  may  result  from  rupture  of 
a pus  tube.  The  latter  course  is  infrequent.2  Latent  suppurative  sal- 
pingitis may  undergo  recrudescence  as  a result  of  some  added  infection;  in 
this  way  general  infective  diseases,  such  as  typhoid3  may  be  complicated. 

Tuberculosis  of  the  Fallopian  tubes4  may  be  primary  or  secondary, 
occurs  at  all  ages,  may  be  acute  or  chronic,  active  or  latent.  It  is  some- 
times first  manifested  during  the  puerperium.  The  interminable  dis- 
cussion that  has  arisen  as  to  whether  it  is  the  result  of  ascending  infection 
or  is  primary  in  the  tubes,  whence  it  descends,  has  resulted  in  the  con- 
clusion that  ascending  infection  is  exceedingly  rare.  The  lesion  usually 
begins  in  the  tubes,  later  involving  other  structures.  An  acute  tuber- 
culous salpingitis  in  which  bacilli  may  be  found  without  anatomical  tu- 

1 Ries,  Amer.  Jour.  Obst.,  lx,  1909. 

2 Bonney,  Surg.,  Gyn.,  and  Obstet.,  Nov.,  1909,  p.  542. 

3 Dirmoser,  Zentralbl.  f.  Gyniik.,  Oct.  8,  1904.  Scudder,  Boston  Med.  and 
Surg.  Jour.,  July  20,  1905. 

^ 4 Lea,  Jour.  Obst.  and  Gyn.  of  Brit.  Emp.,  April,  1905.  Hohlfeld,  Zentralbl. 
f.  Gyn.,  No.  23,  1907.  Jung  and  Bennecke,  Arch.  f.  Gyn.,  1906,  Ixxx,  1.  Martin, 
Jour.  Amer.  Med.  Assoc.,  Sept.  19,  1908.  Simmonds,  Arch.  f.  Gyn.,  lxxxviii,  No.  i' 
1909.  Blau,  Ueber  d.  Enstehungu.  Verbreitung  d.  Tuberk.  i.  Weibli.  Genital’trakte’ 
Berlin,  1909.  Rosenstein,  Monatsch.  f.  Geb.  u.  Gyn.,  Bd.  xx,  H.  4. 
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bercles  is  possible.  In  recent  cases  tubercles  in  the  submucosa  or  inter  I 
stitial  tissue  of  the  tube  are  present.  By  confluence  and  extending  ne- 
crosis areas  of  the  mucosa  are  destroyed,  caseous  material  accumulates 
in  the  lumen  of  the  tube  (tuberculous  pyosalpinx),  and  fibrosis  occurs  in 
the  wall.  Extensive  adhesions  are  common  and  the  oviduct  may  be 
embedded  in  a fibrocaseous  mass.  Extension  to  the  ovary  is  sometimes 
observed.  Tuberculous  peritonitis  may  precede  or  follow  the  Fallopian 
infection.  Fibrosis  and  healing-in  are  exceedingly  rare.  Sirpmonds 
maintains  that  the  condition  is  always  progressive,  although  necessarily 
the  rate  of  advance  varies. 


5 


Fig.  462. — Fallopian  Tube,  Papilloma. 

Tube  enlarged  and  dilated  by  papillomatous  masses  springing  from  the  mucosa.  Patient  lived  twenty-two 
years  after  operation.  1.  Uterine  end  of  tube.  A bristle  is  passed  through  this  to  the  fimbriated  ex- 
tremity. 2.  Bristle  issuing  from  fimbriated  extremity  of  tube.  3.  Ovary,  which  is  healthy.  A 
small  pedunculated  cyst  is  seen  below  the  tube  near  the  ovary.  4.  Wall  of  tube,  turned  down  to 
show  growth  inside.  5,5.  Masses  of  papillomatous  growth  filling  the  tube.  (Roberts.) 


Actinomycosis  of  the  Fallopian  tubes  is  an  infrequent  affection.  Wag- 
ner1 believes  that  it  is  practically  always  secondary  to  intestinal  actino- 
mycosis and  especially  to  actinomycotic  affections  of  the  appendix. 

Tumors  of  the  Fallopian  tubes.  Adenoma  and  adenomyoma  have  been 
observed.  Papillomata-  are  infrequent  tumors  of  the  oviduct;  they  are 
soft,  villous,  dendritic  masses,  the  papillae  of  which  are  covered  by  cil- 
iated columnar  epithelium;  often  the  ciliation  is  difficult  to  demon- 
strate. Gland-like  structures  at  the  base  or  in  certain  parts  of  the  growth 


1 Surg.  Gyn.  and  Obst.,  1910,  p.  148. 

2 Nadory,  Centralbl.  f.  Gynak.,  1904,  No.  23. 
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suggest  an  adenomatous  element.  Cancer  of  the  Fallopian  tubes  may  be 
primary  or  secondary;  the  latter  due  to  extension  from  the  uterus  or 
ovaries.  Primary  cancer  of  the  Fallopian  tubes  is  an  infrequent  affec- 
tion; Doran1  collected  62  cases;  in  24  the  disease  was  bilateral.  Boxer2 
believes  that  the  disease  may  be  propagated  from  one  oviduct  to  the  other 
by  way  of  the  lymphatics.  Connective  tissue  tumors  of  the  Fallopian 
tubes  are  very  rare.  It  is  rather  remarkable  considering  the  embryonic 
relation  of  tube  and  uterus  that  myoma  is  not  more  frequent.  Sarcoma 
of  the  Fallopian  tubes  is  also  rare.  Doran  has  collected  7 instances  in 
which  the  tumor  was  primary. 

Aside  from  hydrosalpinx  due  to  congenital  atresia,  chronic  inflam- 
mation in  an  oviduct  the  ends  of  which  are  occluded,  and  possibly  from 
other  causes,  there  occurs  a form  of  distention  called  tuboovarian3  cyst 
which  Doran  attributes  to  fusion  of  a cyst  of  the  ovary  with  a Fallopian 
tube  into  which  the  cyst  contents  escape;  the  condition  is,  therefore,  a 
hydrosalpinx  deriving  its  fluid  contents  from  cysts  of  the  ovary  with 
which  it  communicates. 


UTERUS. 

Malformations  of  the  uterus4  may  result  from  developmental  defect 
due  to  imperfect  fusion  of  the  ducts  of  Muller  during  early  fetal  life  or 
arrest  in  growth  even  when  the  embryologic  processes  to  a certain  stage 
have  advanced  normally.  Rarely  the  uterus  is  absent,  or  represented  by 
a fibrous  band  or  cord;  in  such  cases  the  Fallopian  tubes  also  are  im- 
perfect. Hypoplasia  of  the  uterus  is  much  more  frequent;  developmental 
arrest  may  be  traced  to  any  period  from  before  or  shortly  after  birth  to 
puberty.  Dysmenorrhea,  sterility,  and  a list  of  nervous  phenomena  have 
been  attributed  to  uterine  hypoplasia.5  The  organ  is  small,  occasion- 
ally of  the  fetal  type,  but  usually  infantile.  Hypoplasia  of  the  heart 
and  vascular  system  may  accompany  the  condition. 

The  commoner  malformations  due  to  imperfect  fusion  of  the  Mullerian 
ducts  are  diagrammatically  shown  in  Fig.  463  and  their  origin  given  in  the 
legend. 

Retroflexions,  anteflexions,  and  retroversions  are  rare  malpositions  of 
congenital  origin,  usually  being  acquired.  The  uterus  may  occupy  a 
hernial  sac.  Among  the  rare  malformations  of  the  reproductive  organs  in 
the  male  is  the  presence  of  a uterus  which  may  be  contained  within  a 
hernia.6 

Acquired  Malpositions  of  the  Uterus. — Ascent  of  the  uterus  accom- 
panies pregnancy,  and  neoplasms  and  cysts  which  pull  the  organ  out  of 
place.  Pelvic  exudations,  cysts,  hemorrhage,  and  neoplasms  of  sufficient 
size  originating  below  the  uterus  may  press  the  organ  upward.  Descent 
or  prolapse  of  the  uterus  results  from  inadequate  support,  increased  in- 

1 Jour.  Obst.  and  Gyn.,  of  Brit.  Emp.,  Oct.,  1904. 

2 Monatsschr.  f.  Geb.  u.  Gyn.,  Nov.,  1909. 

3 Handley,  Brit.  Med.  Jour.,  June  30,  1906.  Davidsohn,  Berl.  klin.  Woch., 
May  30,  1910. 

4 Debierre,  Malformations  of  the  Genital  Organs  of  Woman,  1905,  Simes’ 
Translation.  MacGregor,  Jour.  Obst.  and  Gyn.  of  Brit.  Emp.,  May,  1906.  Jelling- 
haus,  Bull.  Lying-in  Hosp.  of  City  of  New  York,  June,  1908. 

3 DeBovis,  Sem.  Med.,  Sept.  23,  1908. 

6 Comil  and  Brossard,  Rev.  de  Gyn.  et  de  Chir.  Abdominale,  March-April, 
1908,  p.  195.  Bland-Sutton,  Brit.  Med.  Jour.,  Oct.  30,  1909,  p.  1265. 
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Diagrammatic  Illustration  of  the  forms  of  Double  Uterus. 

(Giles,  Trans.  Obstet.  Soc.  Lond.,  vol.  xxxvii,  p.  304.) 

ia.  Uterus  septus  or  bilocular  uterus.  In  the  illustration  the  septum  extends  from  the  summit  of  the  uterus 
to  the  vulva  resulting  in  two  uterine  cavities  and  two  vaginae.  The  two  ducts  of  Muller  have  fused  in 
the  median  line  but  the  septum  representing  the  point  of  fusion  has  not  disappeared  at  any  point. 

10.  Uterus  subsepius  or  uterus  bilocularis  subseptus.  The  condition  is  essentially  the  same  as  in  ia  ex- 
cept that  the  septum  between  the  two  ducts  of  Muller  has  disappeared  in  the  lower  parts  resulting 
in  normal  vagina  and  normal  cervix,  the  body  of  the  uterus  only  being  divided.  The  septum  may 
disappear  in  the  body  of  the  uterus  but  persist  in  the  cervix.  The  condition  is  then  called  u terns 
tncollis  unicorporeus.  When  the  septum  persists  at  the  os  only  the  condition  is  called  uterus  biforis. 

2a.  Uterus  bicorms.  The  Mullerian  ducts  have  fused  from  the  internal  os  downward  and  in  the  illustra- 
tmn  the  septum  extends  the  length  of  the  vagina.  The  upper  extremities  of  the  ducts  are  still  separate 
and  form  the  two  horns  of  the  malformed  organ.  This  is  a form  of  the  uterus  duplex. 

2D.  uterus  bicorms  unicollis.  The  septum  between  the  ducts  of  Muller  has  disappeared  from  the  internal 
os  downward.  It  is  the  uterus  semi-duplex. 

3.  Uterus  unicornis.  This  malformation  is  due  to  imperfect  development  of  one  Mullerian  duct. 

4.  uterus  aiaelpkys.  Both  Mullerian  ducts  are  developed  each  giving  rise  to  a uterus  possessing  its  own 
vagina.  Occasionally  the  vaginal  septum  disappears  and  both  uteri  open  into  a single  vagina. 
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tra-abdominal  pressure,  and  increased  weight  (Montgomery).  In  com- 
plete prolapse  or  procidentia  the  organ  escapes  from  the  vulva  and  lies  out- 
side the  body;  between  this  extreme  malposition  and  the  normal  all  de- 


Fig.  464.— Uterus  Didelphys.  ( Montgomery .) 


Fig.  465. — Uterus  Septus.  ( Montgomery .) 


grees  of  descent  are  possible.  Clinicians  often  speak  of  and  classify 
different  degrees  of  prolapse  each  more  or  less  in  accord  with  some  par- 
ticular view.  The  prolapsed  uterus  usually  carries  with  it  more  or  less 
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of  the  vagina  and  may  also  be  accompanied  by  parts  of  the  bladder,  rec-  I 
turn,  ovaries,  and  tubes  and  even  intestinal  coils.  Less  conspicuous  are  the 
forms  of  deviation  which  include  the  flexions  and  versions.  In  the  for- 
mer the  uterine  axis  is  bent,  the  upper  segment  leaning  out  of  the  normal 
line.  In  this  manner  anteflexion,  retroflexion,  or  lateral  flexion  may 
occur.  In  retroversion  the  fundus  of  the  uterus  falls  backward  and  the 
cervix  ascends.  In  anteversion  the  fundus  falls  forward  and  the  cervix 
is  directed  backward.  In  lateral  version  the  fundus  passes  to  one  side 
and  the  cervix  is  directed  oppositely.  Combinations  of  versions  and 
flexions  are  not  infrequent;  for  example  the  retroverted  uterus  is  usually 
retroflexed.  When  the  uterus  is  turned  inside  out  the  condition  is  termed 
inversion  which  may  be  complete  or  partial,  and  like  other  positional 
disturbances  of  the  organ  may  be  acute  or  chronic.  A twisting  of  the 


Fig.  466. — Uterus  Bifidus.  ( Montgomery .) 


uterus  on  its  longitudinal  axis,  torsion,  has  been  described.  Abnormal 
position  materially  disturbs  the  function  of  the  organ  and  results  in 
pressure  upon  other  structures — bladder,  ureters,  rectum.  Congestion, 
inflammation,  edema,  adhesions,  and  incarceration  of  the  uterus  in  its 
abnormal  position,  and  additional  stress  upon  the  supporting  structures, 
commonly  result. 

Atrophy  of  the  uterus  is  physiologic  after  the  menopause.  Removal 
or  destruction  of  the  ovaries,  and  other  forms  of  arrest  or  ovarian  func- 
tion are  followed  by  wasting  of  the  uterus.  The  pressure  of  tumors, 
accumulated  secretions  within  the  uterus,  and  external  pressure  may  induce 
atrophy..  In  diseases  attended  by  suppression  of  the  menses,  such  as  tu- 
berculosis, pernicious  anemia,  Addison’s  disease,  and  exophthalmic  goiter, 
abnormally  small  uteri  are  frequently  found.  The  atrophy  may  be  uni- 
form, involving  the  entire  organ,  or  more  marked  in  the  vaginal  portion  or 
in  the  corpus. 
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Hypertrophy  of  the  uterus  as  a physiological  process  is  observed  during 
gestation.  The  hyperplasias  occurring  in  some  forms  of  chronic  endome- 
tritis and  attending  polypoid  growths  are  sometimes  called  hypertrophies. 

Anemia  of  the  uterus  accompanies  profound  systemic  anemias;  some 
arteriosclerotic  uteri  are  anemic.  Hyperemia  of  the  uterus  is  physio- 
logic during  menstruation  and  necessarily  during  gestation  the  blood 
supply  of  the  organ  is  increased.  Many  of  the  inflammations  involving  the 
uterus  induce  hyperemia. 

Congestion  of  the  uterus  may  be  a part  of  a general  venous  conges- 
tion, such  as  that  accompanying  heart  disease;  it  may  also  follow  local 
circulatory  disturbances  interfering  with  venous  return.  Malposed  uteri 
are  frequently  congested  and  the  intensity  of  the  congestion  is  often 
directly  proportionate  to  the  extent  of  the  malposition;  it  is  most  intense 
in  procidentia  and  inversion. 

Hemorrhage  from  the  uterus  is  physiological  during  menstruation. 
Excessive  menstrual  loss  is  called  menorrhagia.  Hemorrhage  manifested 
without  regard  to  menstrual  periods  is  called  metrorrhagia.  Hemorrhage 
into  the  myometrium  is  called  interstitial  uterine  hemorrhage ; subserous 
and  submucous  hemorrhages  also  occur.  Pathologic  uterine  hemorrhage 
may  be  due  to  many  influences.  Such  constitutional  disturbances  as 
scurvy,  leukemia,  and  hemophilia,  infectious  processes  like  typhoid,  vari- 
ola, and  numerous  bacteremias,  are  occasionally  causes.  It  may  accompany 
hemorrhagic  septicemias  (see  p.  254)  and  poisoning  by  arsenic  and  phos- 
phorus. Malposition  and  congestion  from  any  cause  increase  the  tendency 
to  hemorrhage.  Inflammations  of  the  endometrium  may  induce  bleeding. 
Many  tumors  of  the  uterus  are  accompanied  by  abnormal  discharges  of 
blood  or  blood-stained  fluid,  a symptom  most  marked  in  malignant  disease 
and  in  myoma.  A frequent  cause  of  hemorrhage  is  deplacentation  includ- 
ing detachment  of  the  developing  or  developed  placenta;  this  also  em- 
braces hemorrhages  due  to  abortion,  those  following  delivery  and  hemor- 
rhages resulting  from  abnormal  retention,  in  whole  or  part,  of  the  placenta. 
Uteri  supplied  by  arteriosclerotic  vessels  sometimes  bleed  (uterine  apo- 
plexy). Uterine  hemorrhages  may  be  due  to  extra-uterine  pregnancy. 

Inflammations  of  the  uterus1  include  those  of  the  mucosa  (endometri- 
tis), of  the  serosa  (perimetritis),  and  of  the  uterine  muscle  (metritis).  In- 
flammation extending  into  the  cellular  tissue  of  the  broad  ligament  is 
called  parametritis. 

Endometritis  or  inflammation  of  the  endometrium  includes  also  endo- 
cervicitis,  an  inflammation  of  the  cervical  canal.  Inflammation  involv- 
ing the  body  of  the  uterus  necessarily  implicates  the  canal;  inflammation 
of  the  latter  structure,  however,  may  occur  without  immediate  involve- 
ment of  the  endometrium  of  the  corpus.  In  a general  way  endometritis  is 
not  unlike  inflammations  of  other  mucosas.  (See  p.  551.) 

Acute  catarrhal  endometritis  is,  no  doubt,  in  all  cases  an  infection, 
usually  entering  through  the  vagina.  Inflammation  of  the  endometrium 

1 Jung,  Zentralbl.  f.  Gynak.,  No.  33,  1904.  Lorentz,  Arch.  f.  Gynak.,  Bd.  lxx., 
H.  2.  Schaffer,  Arch.  f.  Gynak.,  lxxvi.,  3.  Gardner  and  Goodall,  Brit.  Med.  Jour.', 
Nov.  3,  1906.  Shaw,  Chronic  Metritis;  its  Pathology  and  its  Relation  to  Chronic 
Endometritis,  1906.  Ewald,  Amer.  Jour,  of  Obstet.,  March,  1907.  Bridoux,  These 
de  Paris,  1908.  Ahreiner,  Arch.  f.  Gynak.,  1908,  lxxxv.,  2.  Gardner  and  Novak, 
Jour.  Amer.  Med.  Assoc.,  Oct.  9,  1909.  Ehrenfest,  Amer.  Jour,  of  Obst.,  Sept.j 
1909.  Schickele,  Sem.  Med.,  Aug.  4,  1909,  p.  367.  Hirsch,  Virch.  Arch.,  Bd’.  cxcvp 
H.  3,  June,  1909.  Gardner,  Jour.  Amer.  Med.  Assoc.,  Jan.  21,  1911.  Theilhaber’ 
Arch.  f.  Gynak.,  lxxxvi,  1908. 
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may  accompany  infectious  diseases,  notably  variola,  scarlet  fever,  and  ty- 
phoid and  is  frequently  a manifestation  of  gonorrhea.  The  mucosa  is  red, 
swollen,  and  often  bleeds  at  the  slightest  touch.  The  swelling  may  narrow 
the  cervix  and  lead  to  retention  or  at  least  impede  the  escape  of  menstrual 
or  other  discharges.  The  latter  may  be  mucous,  serous,  mucoserous,  or 
sanious.  When  the  escape  of  blood  is  abundant,  the  term  hemorrhagic 
endometritis  is  sometimes  used.  Histologically  the  blood-vessels  are  dis- 
tended, and  perivascular  exudation  is  present.  In  some  cases  the  changes 
in  the  glands  are  most  striking,  consisting  of  marked  hyperplasia,  exfolia- 
tion, and  desquamation — acute  glandular  endometritis.  In  others  the  in- 


. j Fig-  467. — Chronic  Endometritis,  Glandular  Variety. 

ihe  glands  are  very  numerous  and  irregularly  corkscrew- shaped  in  outline;  a cystic  dilatation  of  con- 
siderable size  is  seen  near  the  surface.  {Eden.) 


terstitial  tissues  appear  to  bear  the  brunt  of  exudation  and  necrosis, 
justifying  the  term  acute  interstitial  endometritis.  The  presence  of  pyo- 
genic organisms  induces  migration  of  large  numbers  of  polymorphonu- 
clear leukocytes  converting  the  lesion  into  a mucopurulent  or  purulent 
endometritis.  This  form  sometimes  accompanies  gonorrhea. 

Chronic  catarrhal  endometritis  assumes  many  forms  in  some  of  which 
the  essential  basis  of  a catarrhal  inflammation,  a flow,  is  absent,  thus 
resembling  dry  catarrh  affecting  other  mucosae.  The  mucous  membrane 
may  be  greatly  thickened  constituting  what  is  sometimes  called  hyper- 
trophic  or  hyperplastic  endometritis;  irregular  elevations,  composed  of  pro- 
liferated connective-tissue  cells  and  glandular  structures,  may  be  produced 
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thpP°!lTld  f?d°mejrttlS'  .Whfre  the  proliferation  conspicuously  involves 
u COndlV0niS  called  glandular  endometritis.  In  interstitial 
tlihi,pf  p migrated  and  proliferated  cells  accumulate  between  the  gland 

detachment  o^r  rthe  att/Cted  endometnum  may  undergo  necrosis  and 
m 3xf0hatlve  endometritis.  Sometimes  a definite  membrane 

n?  k g hbnn  ^ PreSent  °r  aPPears  Periodically  constituting  one  form 

of  membranous  endometritis  (see  below) 

tbe^ethPeral  CI?d0metrTitis  follows  ^bor  or  the  premature  discharge  of 
the  fetus  or  embryo.  It  is  an  infective  process  due  to  a number  of  bac- 
teria including  pyogenic  bacilli  and  cocci,  especially  the  streptococcus 


„ ..  . , , Fig.  468. — Chronic  Endometritis,  Interstitial  Form 

The  section  is  taken  through  one  of  the  polypoid  processes  of  the  endometrium 
paratively  few  and  their  epithelium  is  atrophied.  {Eden.) 


The  glands  are  con 


and  staphylococcus.  Saprophytic  bacteria  are  often  present,  givino-  rise 
to  decomposition  of  retained  clots  or  placental  tissue,  breaking  up 'dead 
proteins  and  producing  offensive  odors,  putrid  metritis.  The""  infection 
extends  to  the  sinuses  of  the  myometrium,  inducing  a septic  metritis  at- 
tended by  necrosis  of  the  unstriped  muscle  and  the  migration  of  polymor- 

fnhfpkUCf-lear  leukoc>;tes  m sufficient  numbers  to  result  in  diffuse  suppurative 
infiltration  or  collected  m masses  constituting  small  abscesses  The 
mfection  may  be  propagated  along  the  veins  in  which  thrombi  occur— 
an1^ lie' thv°™h°-Phl tebitis— or  into  the  lymphatics,  acute  septic  lvmph- 
angitis.  The  extent  of  the  destructive  phenomena  must  depend  upon 
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the  virulence  of  the  infection  or  the  resistance  of  the  patient.  Masses 
of  the  uterus  undergo  necrosis  (slough)  and  if  the  patient  survives,  separate 
and  are  discharged.  Extending  necrosis  may  perforate  the  uterus,  induce 
peritonitis,  which  may  also  occur  without  perforation,  or  establish  com- 
munication between  the  uterine  cavity  and  the  bladder,  vesico -uterine 
fistula,  or  between  the  uterus  and  rectum,  recto -uterine  fistula,  and  occa- 
sionally open  externally  through  the  abdominal  wall.  The  thrombo- 
phlebitis and  thrombo-lymphangitis  may  be  widespread,  involving  either 
or  both  sets  of  vessels  in  the  pelvis  and  extending  to  the  vessels  of  the 
thigh.  The  inflammation  often  extends  to  the  peritoneum  covering  the 
uterus  resulting  in  a perimetritis  or  pelvic  peritonitis  which  is  usually 
suppurative  and  is  identical  with  other  suppurative  inflammations  of 
serous  membranes.  (See  p.  564.  and  Fig.  266.)  Involvement  of  the 
lymphatics  leads  to  inflammation  of  the  cellular  tissue  (parametritis)  in 
which  abscesses  may  form. 

Membranous  endometritis  includes  a number  of  conditions  some  of 
which  are  probably  not  of  inflammatory  origin.  In  the  so-called  mem- 
branous dysmenorrhea  casts  of  the  uterus  may  exfoliate,  obstruct  the 
cervical  canal,  and  give  rise  to  severe  pain.  The  membrane  is  smooth  in- 
ternally, shaggy  or  villous  externally,  and  upon  microscopic  examination, 
fibrin  may  be  present  although  usually  the  structure  is  largely  cellular 
and  scantily  supplied  with  fragments  of  glands.  Periodicity  in  the  dis- 
charge of  the  membrane  is  sometimes  manifested;  the  condition  may 
be  called  exfoliative  endometritis.  True  fibrinous  casts  are  uncommon  and 
genuine  diphtheritic  membrane  exceedingly  rare. 

Metritis  or  inflammation  of  the  myometrium,  aside  from  that  form  oc- 
curring during  the  puerperium,  is  not  common.  In  severe  infections  of 
the  endometrium  as  a result  of  wounds  in  attempts  to  induce  abortion, 
rarely  as  a result  of  hematogenous  infection,  acute  suppurative  metritis 
occurs.  Abscesses  may  form  and  extension  take  place  along  the  lines 
already  indicated  when  discussing  puerperal  metritis. 

Chronic  metritis  is  usually  associated  with  chronic  inflammation  of 
some  contiguous  structure  such  as  endometrium  or  the  tissues  around 
the  uterus.  A chronic  fibrosing  or  sclerotic  metritis  has  been  described 
as  a part  of  arteriosclerotic  disease  of  the  uterus.  In  addition  to  sclerosed 
vessels  the  myometrium  is  fibroid  and  contracted. 

Tuberculosis  of  the  uterus1  may  be  due  to  infection  from  the  Fallo- 
pian tubes  ( descending  infection),  invasion  from  the  blood  ( hematogenous  ' 
infection),  extension  from  the  cervix  ( ascending  infection).  The  latter 
is  exceedingly  rare  and  involves  the  question  of  seminal  transmission  of 
tuberculosis.  The  disease  may  occur  in  childhood  but  is  most  frequent 
during  the  reproductive  period.  The  lesion  in  the  endometrium  may  be 
circumscribed  or  diffuse.  The  mucosa  is  swollen,  thickened,  and  in  the 
earlier  stages  may  contain  no  demonstrable  macroscopic  tubercles;  these 
bodies,  however,  can  usually  be  recognized  under  the  microscope.  Later 
tubercles  become  evident,  caseation  extends,  giving  rise  to  irregular 
caseous  ulcers  which  may  invade  the  myometrium.  The  local  form  may 
extend  over  the  entire  lining  of  the  uterine  cavity.  Nodular,  caseous,  or 
fibrocaseous  tuberculosis  of  the  myometrium  is  occasionally  encountered. 


2. 


1908.  Allesandri,  Surg.,  Gynec.,’  and  Obstet.,'  Nov. 


Deletrez,  Ann.  Gyn.  et  Obst.,  Jan., 
ov.,  1910,  p.  449. 
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Sometimes  the  cervix  is  occluded  giving  rise  to  a tuberculous  pyometra. 
Primary  tuberculosis  of  the  myometrium  is  exceedingly  rare.  This  is 
in  accord  with  the  well  known  fact  that  tuberculosis  of  muscle  rarely 
occurs.  Archambault  and  Pearce,1  and  Bland-Sutton2  have  reported 
instances  of  tuberculosis  of  uterine  tumors  (adenomyomata). 

Tumors  of  the  Uterus. — Adenoma  of  the  cervix,  less  frequently  the 
body  of  the  uterus,  is  occasionally  observed.  Papilloma  of  the  cervix 
occasionally  occurs.  The  most  important  neoplasm  of  the  uterus  is 
cancer. 3 Williams4  states  that  of  2,649  neoplasms  of  the  uterus  1,571 
were  cancers,  2 were  sarcomas.  Spencer5  has  shown  that  more  women  die 
of  cancer  of  the  uterus  than  of  cancer  of  any  other  part  of  the  body;  in 
England  and  Wales  during  a five-year  period  there  were  19,645  deaths  from 
cancer  of  the  uterus.  Cancer  of  the  breast  came  next  with  a mortality 
of  14,308. 


Fig.  469. 

Uterus;  Tuberculous  Mass  Arising  in  the  Endometrium,  Possibly  an  Adenomyoma  Infected 

with  Tubercle  Bacilli.  ( Bland-Sutton .) 

Practically  all  cancers  of  the  uterus  are  primary  in  that  organ.  Car- 
cinoma uteri  may  begin  in  the  vaginal  portion  of  the  cervix,  within  the 
cervical  canal  or  in  the  corpus  (see  Fig.  470) . Cervical  cancer  is  usually  of 
the  squamous-epithelioma  type,  occurs  late  in  life,  and  extends  less  rapidly 
than  adenocarcinoma  and  glandular  cancer.  The  growth  on  the  cervix 
may  be  of  the  warty  or  verrucose  type,  consisting  of  an  irregular,  nodular, 
warty,  cauliflower-like  growth  projecting  into  the  vagina.  So-called  in- 
oculation extension  to  the  vaginal  walls  may  be  present.  As  in  other 
forms  of  uterine  cancer  bleeding  is  often  an  early,  persistent,  and  ominous 
symptom.  Necrosis  and  infection  of  discharges  result  in  a most  pene- 
trating fetid  odor,  a symptom  that  may  be  present  in  any  form  of  uterine 
cancer.  Cylindric-cell  cancer  or  adenocarcinoma  arising  in  the  cervix 
and  body  of  the  uterus  may  also  give  rise  to  cauliflower-like  growth. 
Cancer  arising  in  the  mucosa  rapidly  invades  the  myometrium  and  may 
perforate  the  uterus,  appearing  on  the  surface  as  irregular  nodes  which 
are  sometimes  warty  or  excrescent.  Although  most  cancers  of  the  body 

1 Trans.  Sect.  Path,  and  Physiol.,  Amer.  Med.  Assoc.,  1906. 

2 Brit.  Med.  Jour.,  Jan.  23,  1909,  p.  198. 

3 McCann,  Cancer  of  the  Womb,  its  Symptoms,  Diagnosis,  Prognosis,  and 
Treatment,  London,  1906.  Ballard,  Amer.  Jour,  of  Obst.,  vol.  lxi,  No.^,  1910. 

4 Uterine  Tumors,  London,  1901. 

5 Brit.  Med.  Jour.,  Aug.  24,  1907. 


980 


. SPECIAL  PATHOLOGY. 


CERVICAL  CANCER 


Fig.  470. — Cancer  of  Uterus  (Diagrammatic)  Showing  the  Positions  in  which  the  Disease  May 

Arise.  {Eden.) 


a 

Fig.  471.- — Squamous-cell  Cancer  of  the  Cervix. 

Multipara,  aged  27.  The  section  is  made  through  the  edge  of  the  growth.  At  a are  seen  two  epithelial 
processes,  one  in  cross  section,  the  other  running  up  to  the  surface.  {Eden.) 


REPRODUCTIVE  ORGANS. 


981 


Of  the  uterus  are  of  the  cylindric-cell  type,  scirrhous  and  encephaloid  are 
encountered;  Norris1  has  reported  a case  of  primary  squamous-cell  epithe- 

homa  of  the  corpus,  and  has  collected  from  literature  several  cases,  some 
of  which  are  doubtful. 

Cancer  of  the  uterus  may  extend  to  the  vaginal  vault  by  direct  in- 
filtration or  grafting  through  an  eroded  mucosa.  Extension  may  also 


T ™ t,F  472-— Uterus,  Columnar-cell  Carcinoma  Beginning  in  the.  Cervix 

' lhe  mut-h-expanded  cervix.  2.  Fundus  uteri,  which  is  free  from  growth.  3.  Portion  of  friable  papillarv 
carcinomatous  growth.  4,  4.  Simple  mucous  polypi.  5.  Fallopian  tube  ( Roberts  ) Y 


occur  to  the  bladder,  ureters,  or  rectum.  Involvement  of  the  lymphatics 
of  the  pelvis  may  appear  early.  Hematogenous  dissemination2  is  infre- 
quent but  is  always  a possibility;  when  present  the  lungs  and  pleura  are 
usually  affected.  I have  seen  involvement  of  the  retroperitoneal  lymph- 
nodes,  thoracic  duct,  and  cervical  lymph-nodes  secondary  to  primary 
cancer  of  the  uterus  ivithout  hematogenous  dissemination. 

1 Norris,  Amer.  Jour,  of  Obstet.,  vol.  lvi,  No.  5. 

2 Offergeld,  Arch.  f.  Gynak.,  Bd.  lxxxiii,  H.  2. 
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Chondroma,  myxoma,  angioma,  and  hemangioma  of  the  uterus  are 
among  the  rarest  tumors.  Pure  fibroma  is  also  exceedingly  rare.  In- 
cluding the  case  reported  by  Ellis  there  were,  in  1906,  fifteen  cases  of  uter- 
ine lipoma  on  record.  The  most  common  benign  tumor  of  the  uterus  is 
myoma,1  called  also,  because  of  the  frequent  presence  of  fibrous  tissue,  the 
myofibroma  or  fibromyoma.  These  neoplasms  are  usually  termed  uterine 
fibroids.  The  general  morphology  and  histology  of  uterine  myomata  are 
discussed  on  p.  339.  The  neoplasms  usually  begin  in  the  interior  of  the 


INTERSTITIAL  FIBROID 
BECOMING  SUBMUCOUS 


INTERSTITIAL  fibroid 
BECOMING  5UBSER0U5 


Fig'  4?3-  The  Formation  of  Submucous  and  Subserous  Fibroids  (Diagrammatic),  a,  a.  Small 

interstitial  fibroids.  (Eden.) 


myometrium,  interstitial  fibroids.  As  the  tumors  augment  in  size  the 
resistance  of  the.  uterine  muscles  increases  and  the  tumor,  following  a 
path  of  least  resistance,  passes  toward  the  mucosa,  submucous  fibroid, 
01  toward  the  serosa,  subserous  fibroid.  Myomata  lying  immediately 
under  the  peritoneum,  developing  centers  of  necrosis  and  consequently 
m animation,  may.become  attached  to  the  omentum,  intestine,  mesentery, 
bladder,  or  Fallopian  tube;  a single  tumor  may  become  attached  to  a 
number  of  these  structures.  New  vessels  are  formed  at  the  point  of  attach- 


1 Kelly  and  Cullen,  -Myomata  of  the  Uterus,  1900 
.Beitr.  z.  Lehre  v.  Uterusmyom.,  Berlin,  1910. 


Garkisch,  Klin.  u.  anat. 
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ment  and  may  finally  supply  the  major  part  of  the  nutrition  of  the  tumor 
which  is  now  called  a parasitic  uterine  myoma.1  An  interesting  change 
seen  in  myomata  of  the  uterus  is  a so-called  red  degeneration2  consisting 
of  areas  of  softening  attended  by  marked  reddening  of  the  affected  areas. 
This  change  has  been  attributed  to  increased  vascularity,  interstitial 
hemorrhage,  rapid  hyperplasia,  thrombosis  or  thrombotic  softening, 
and  is  also  regarded  as  possibly  a form  of  infarction  with  or  without  in- 


Fig.  474. — Uterus,  Large  Submucous  Polyp  Occupying  Interior  op  Organ  and  Extending  through 
Cervix  into  Vagina.  Patient  had  Metrorrhagia  for  Several  Years. 

1.  Uterine  wall  containing  large  sinuses.  2.  The  fibroid  polypus.  3.  Small  fibroid  in  anterior  wall  of 
uterus.  4.  Cavity  of  uterus.  5.  Bladder.  6.  Vagina.  {Roberts.) 

fection.  Necroses  occurring  in  uterine  fibroids  may  account  for  some  of  the 
instances  in  which  fever3  is  present.  In  addition  to  necrosis,  inflam- 
mation and  suppuration  may  occur.  Disturbances  in  the  circulation  may 
induce  edema  and  interstitial  hemorrhage.  The  sudden  enlargement  some- 
times observed  and  occasionally  attributed  to  sarcomatous  degeneration,  is 
frequently  due  to  edema  and  rarely  to  interstitial  hemorrhage.  The 
cystic  degeneration  occasionally  found  has  been  attributed  to  autolytic 

1 Cullen,  Jour.  Amer.  Med.  Assoc.,  Dec.  14,  1907,  p.  1994. 

2 Bland-Sutton,  Brit.  Med.  Jour.,  June  19,  1909,  p.  1471.  Smith  and  Shaw 
Jour.  Obst.  and  Gyn.,  British  Empire,  1909,  xv,  p.  225. 

3 von  Franque,  Zeit.  f.  Geburts.  u.  Gynak.,  1909,  No.  3. 
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fluidification  of  necrotic  areas,  and  to  the  accumulation  of  serum  in  dilated 
spaces  within  the  neoplasm.  A definite  fatty  degeneration  is  sometimes 
observed.  Calcareous  degeneration  consists  in  the  deposit  of  lime  salts 
irregularly  and  diffusely,  or  in  definite  masses — “womb-stones.”  After 


Fig.  475. — Gravid^Uterus  in  Section.  Walls  contain  fibroids;  the  fibroid  in  the  center  is  submucous 
• and  its  capsule  covered  with'  the  decidua.  (Bland- Sutton.) 


the  menopause  myomata  sometimes  rapidly  undergo  atrophy;  it  is  not 
known  how  much  of  this  shrinkage  is  due  to  degenerative  and  regressive 
changes  in  the  tumor  cells  or  to  what  extent  it  depends  upon  a lessened 
edema,  or  a reduction  of  the  blood  supply  accompanying  the  climacteric. 


Fig. 


4,6.  Uterus  Distorted  by  Fibroids  and  Containing  a Fetus  of  Four  Months’  Development. 

(Bland- Sutton.) 


Myomata  may  be  accompanied  by  other  neoplastic  manifestations.  Fat 
collections  resembling  lipomata  may  be  observed  and  angiomatous  fibro- 
myoma1  occurs,  ihe  most  important  combination  is  that  observed  in  the 
uteiine  adenomyoma,-  probably  a distinct  tumor  the  gland-like  elements 

2 n Cn  and  Clarke,  Jour.  Obst.  and  Gyn.,  British  Empire,  May,  1906. 

Gullen,  Adenomyoma  of  the  Uterus,  1908.  Bland-Sutton,  Brit.  Med.  Jour., 
Jan.  23,  1909,  p.  198.  v . j - 
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of  which  are  thought  to  arise  from  aberrant  Wolffian  structures,  from 
M tiller  s duct,  from  that  part  of  the  Wolffian  canal  known  as  Gartner’s 
duct,  or  from  glands  of  the  endometrium.  Pure  adenomyoma  is  a benign 
neoplasm  of  which  Cullen  found  73  specimens  among  between  1300  and 
1400  cases  of  myoma  uteri  examined.  These  neoplasms  consist  of  a 


Fig.  477. — Uterus  in  Section  Showing  Diffuse 
Adenomyoma. 

The  polypoid  process  partly  occupying  the  lower 
portion  of  the  uterine  cavity  and  slightly  dilated 
internal  ring,  contains  gland  elements.  ( Bland - 
Sutton.) 


Fig.  478. — Uterus,  Section,  Showing 
Localized  Patch  of  Adenomyoma  in 
Pgsterior  Wall.  {Bland- Sutton.) 


matrix,  reticulum  or  groundwork  made  up  of  unstriped  muscle  and 
fibrous  tissue  and  containing  gland  tubules  lined  with  columnar  epithelium 
of  the  same  type  as  that  observed  in  the  glands  of  the  uterus.  A large  part 
of  the  uterus  may  be  involved  or  the  growth  may  be  restricted  to  one  or 
more  areas.  Capsules  and  sharp  demarcations  are  usually  absent.  In 


Fig.  479.  Uterus,  Section  of  Endometrium  Showing  Peculiar  Stroma  in  which  the  Gland  Tubes 

are  Embedded.  ( Bland-Sutton .) 

some  cases  the  gland  elements  predominate,  in  others  they  are  less  abun- 
dant; definite  cysts  occur  and  as  in  other  forms  of  myoma  telangiectasis 
may  be  present.  Adenomyomata  may  involve  the  cervix  or  body  of  the 
uterus,  may  become  subperitoneal  or  intraligamentary;  the  submucous 
form  may  acquire  pedicles  and  become  definite  polyps.  They  mav  be 
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associated  with  squamous-cell  cancer  of  the  cervix.  Cullen  has  described  ' 
the  transformation  of  adenomyoma  into  adenocarcinoma. 

It  may  be  stated  in  passing  that  tumors  indistinguishable  from  adeno- 
myomata  may  occur  elsewhere  than  in  the  uterus.  Adami1  regards  adeno- 
myomata  as  essentially  identical  with  certain  prostatic  tumors.  Meyer2 
believes  that  many  so-called  adenomyomata  are  inflammatory  hyperplasias 
and  not  neoplasms. 

Sarcoma  of  the  uterus  is  not  a frequent  tumor;  it  may  be  primary  in 
the  myometrium  or  arise  from  the  endometrium.  All  of  the  usual  cell 
types  occur.  Sarcoma  and  endothelioma3  may  occur  together.  The  latter  j 
is  also  observed  alone.  Sarcoma  botryoides  or  vesicular  sarcoma  is  among 
the  rare  uterine  sarcomata.  The  so-called  mixed  tumors4  of  the  uterus 
contain  sarcomatous  tissue,  smooth  muscle,  sometimes  striated  muscle, 
cartilage,  and  other  forms  of  connective  tissue ; structures  resembling  car- 
cinoma may  be  present.  Chorioepithelioma  (see  p.  359)  usually  begins 
in  the  uterus. 


VAGINA. 

Malformations5  of  the  Vagina. — Absence  of  the  vagina  is  usually  asso- 
ciated with  absence  of  the  uterus.  Partial  absence  is  more  frequent. 
Atresia,  partial  or  complete,  is  less  rare.  Strictures  and  membranous 


Fig.  480. — Vaginal  Occlusion  Resulting  in  Hematocolpometra. 

( Montgomery .) 


diaphragms  are  occasionally  observed.  Partitioned  or  double  vagina  is 
usually  associated  with  similar  malformation  of  the  uterus,  and  results  from 
imperfect  fusion  of  Muller’s  ducts.  In  cases  of  double  uterus  one  organ 
may  possess  a complete  vagina  (unilateral  vagina)  and  the  other  uterus  a 


I ^Tan.s’  Sect.  Path,  and  Bact.,  Amer.  Med.  Assoc.,  1907,  p.  333. 

* Virch.  Arch.,  Bd.  cxcv,  1909.  v ' y *** 

3M’Weeny  and  Gibson,  Jour.  Path,  and  Bact.,  Oct.,  1007,  p.  132. 
Jour.  Amer.  Med.  Assoc.,  Oct.  10,  1908,  p.  1227.  y / > f j 

! Herb,  Surg.  Gyn.  and  Obstet,  May,  1910. 

ebierre,  Malformations  of  the  Genital  Organs  of  Woman,  1905. 


Dorland, 
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vagina  not  opening  at  the  vulva  (blind  lateral  vagina) . The  vagina  may 
communicate  with  the  bladder  or  uterus,  or  with  both.  The  vagina  may 
be  hypoplastic  and  when  two  are  present  they  may  not  be  symmetric. 

Imperfect  hymen  and  other  forms  of  vaginal  atresia  may  be  unrecog- 
nized prior  to  puberty  at  which  time  the  accumulated  menses  distend 
the  existing  vagina,  hematocolpos.  When  vaginal  occlusion  is  high  or  the 
accumulation  large,  distention  of  the  uterus  (hematometra)  may  also  oc- 
cur, the  latter  condition,  however,  is  usually  the  result  of  atresia  of  the 
cervix.  When  the  blood  distends  both  uterus  and  vagina  the  condition  is 
called  hematocolpometra. 

Acquired  deformities  of  the  vagina  result  from  lacerations,  ulcera- 
tions, loss  of  perineal  support,  chronic  inflammations,  neoplasms,  and  cysts. 
Relaxation  and  loss  of  normal  pelvic  support  may  cause  the  anterior 
vaginal  wall  to  prolapse,  cystocele,  or  the  posterior  wall  to  press  forward 
and  downward,  rectocele.  The  sacs  formed  as  a result  of  relaxation  and 
loss  of  support,  may  contain  intestine  (enterocele)  or  hernias  of  other  organs 
(ovary) . Chronic  inflammation,  healing  ulcers,  adhesions  between  apposed 


Fig.  481. — Communication  of  Rectum  and  Bladder  with  Vagina. 

( Montgomery .) 


surfaces  may  narrow  or  occlude  the  lumen,  in  the  latter  case  giving  rise  to 
acquired  atresia.  Tears  or  pressure  necroses,  the  extension  of  neoplasms, 
usually  cancer,  may  establish  communication  between  the  bladder  and 
vagina  (vesicovaginal  fistula),  between  the  vagina  and  urethra  (urethro- 
vaginal fistula),  between  the  ureter  and  vagina  (ureterovaginal  fistula), 
or  between  the  rectum  and  vagina  (rectovaginal  fistula).  Various  combi- 
nations of  these  fistulous  tracts  may  be  synchronously  present. 

Atrophy  of  the  vaginal  mucosa  and  disappearance  of  the  rugae  may  oc- 
cur. It  is  usually  a senile  process. 

Hypertrophy  of  the  vagina  is  made  to  include  many  forms  of  thickening 
but  the  term  should  not  be  used  for  that  purpose.  Hyperplasia  of  the 
submucosa  and  of  the  epithelium  is  sometimes  observed.  Bands  of 
hyperplastic  fibrous  tissue  and  limited  collections  of  hypertrophic  muscle 
are  occasionally  observed. 

Vaginitis  or  colpitis  or  elytritis  or  inflammation  of  the  vagina,  may 
be  acute  or  chronic.  Based  on  the  anatomical  forms  of  inflammation  of 
mucous  membranes  it  is  possible  to  recognize  catarrhal,  suppurative, 
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pseudomembranous,  and  gangrenous  types  of  vaginitis.  Clinicians  fre- 
quently base  their  classifications  of  vaginal  inflammation  upon  the  etiol- 
ogy or  some  associated  factor.  Following  this  plan  it  is  possible  to  recog- 
nize simple  vaginitis,  gonorrheal  vaginitis  or  specific  vaginitis,  puerperal 
vaginitis,  and  parasitic  vaginitis;  other  descriptive  terms  are  also  occasion- 
ally used.  This  mixture  of  anatomical,  etiological,  and  clinical  classifica- 
tions has  resulted  in  great  confusion  out  of  which  it  is  difficult  to  construct 
a logical  nomenclature. 

Acute  catarrhal  vaginitis  may  be  due  to  many  forms  of  vaginal  in- 
fection, the  presence  of  irritant  contents  derived  from  fistulous  com- 
munications with  the  bladder  or  rectum,  irritant  discharges  from  the 
uterus,  and  occasionally  this  form  of  vaginitis  complicates  the  eruptive 
fevers.  The  affected  mucosa  is  red,  slightly  edematous,  at  first  dry  and 
later  bathed  in  exudate  which  may  be  thin  and  serous,  or  cellular  and  rich 
in  mucus. 

Chronic  catarrhal  vaginitis  frequently  succeeds  the  acute  and  is  often 
due  to  persistence  of  some  of  the  causes  of  the  latter.  The  changes  ob- 
served are  those  usually  accompanying  chronic  catarrhal  inflammation  of 
mucosas  (see  p.  553).  When  the  inflammation  has  been  of  long  duration, 
particularly  in  the  aged  (senile  vaginitis) , the  vagina  notably  at  the 
superior  end  may  be  constricted,  the  mucosa  smooth  and  mottled,  the 
epithelium  in  places  desquamated  and  in  others  thickened.  When  the 
surface  of  the  mucosa  is  granular,  roughened,  or  papular,  the  term  granu- 
lar vaginitis  is  employed.  Considering  the  intensity  of  gonorrheal  in- 
flammation of  the  vulva,  uterus,  and  Fallopian  tubes  it  is  rather  re- 
markable that  the  vagina  is  not  more  intensely  inflamed.  In  the  earlier 
stages  of  gonorrheal  inflammation,  the  mucosa  is  swollen,  the  epithelium 
desquamates,  and  leukocytic  migration  is  fairly  abundant,  resulting  in  the 
formation  of  a white  or  yellowish-white  mucopurulent  discharge.  Except 
in  children  active  gonorrheal  vaginitis  quickly  abates  although  the  gono- 
coccus may  abide  indefinitely.  The  thin  mucosa  of  childhood  and  the 
wasted  vaginal  mucous  membrane  of  the  aged  are  said  to  be  more 
susceptible  to  gonorrheal  inflammation  than  during  the  intervening 
period. 

Membranous  vaginitis  is  exceedingly  rare;  it  may  be  a manifestation 
of  diphtheria  but  also  occurs  in  other  infectious  diseases  independent  of 
the  Klebs-Loeffler  bacillus.  The  membrane  resulting  from  the  necrotic 
action  of  concentrated  antiseptic  solutions,  hot  douches,  and  allied  forms 
of  injury  is  due  to  necrosis  of  the  mucosa,  which  may  be  superficial  or 
deep,  and  should  not  be  regarded  as  a manifestation  of  membranous  in- 
flammation. The  exfoliative  lesion  of  thrush  is  also  of  this  type.  There 
are  cases  of  vaginal  disease  in  which  occasionally,  sometimes  periodically, 
a complete  or  almost  complete  cast  of  vaginal  mucosa  is  detached  and 
discharged.  This  has  been  called  exfoliative  vaginitis. 

Purulent  vaginitis  should  include  those  forms  of  vaginal  inflammation 
in  which  the  discharge  contains  pus.  Some  types  of  gonorrhea  are  at 
one  stage  mucopurulent.  A diffuse  suppurative  lesion  of  the  vaginal 
mucosa  may  accompany  puerperal  sepsis,  follow  trauma,  or  arise  without 
known  cause.  Some  cases  of  erysipelatous  vaginitis  are  of  this  type. 
It  is  clearly  due  to  infection  by  pyogenic  organisms.  The  submucosa 
is  diffusely  infiltrated  with  polymorphonuclear  cells;  necrosis  of  areas 
of  the  mucosa  frequently  results,  profound  septic  phenomena  are  usually 
present.  Purulent  inflammations  of  structures  contiguous  to  the  vagina 
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may  involve  the  wall  or  e'xtend  through  the  mucosa.  As  a result  of  in- 
fection by  gas-producing  organisms,  especially  during  the  puerperium, 
an  inflammation  occurs  accompanied  by  blebs  or  cysts  in  the  mucosa 
and  the  production  of  gas — emphysematous  vaginitis. 

Tuberculosis  of  the  vagina  is  exceedingly  rare,  probably  never  primary, 
but  secondary  to  tuberculosis  of  the  vulva,  uterus,  or  perirectal  tissues. 
Caseous  infiltration  or  irregular  ulcers  are  formed;  although  readily  de- 
tected histologically,  macroscopic  tubercles  are  rarely  present.  Hy- 
perplastic tuberculosis  of  the  vagina  is  usually  secondary  to  involvement 
of  the  sigmoid  or  rectum. 

Syphilis  of  the  Vagina. — Chancre  of  the  vagina  is  very  rare.  Mucous 
patches  are  more  common;  syphilitic  sclerosis,  gummatous  infiltration,  and 
definite  circumscribed  gummata  have  been  observed. 

Tumors  of  the  vagina1 2  may  be  primary  or  secondary;  the  latter  are 
the  more  common.  Papillomata  are  occasionally  observed.  Squamous- 
cell epithelioma  is  the  most  frequent  form  of  cancer  arising  in  the  vagina;  it 
may  give  rise  to  diffused  infiltration  with  scanty  ulceration  or  definite 
epitheliomatous  ulcers.  Cancer  of  the  vagina  secondary  to  primary 
lesions  in  the  cervix,  vulva,  or  urethra  is  more  common.  Of  the  connective- 
tissue  tumors  involving  the  vagina  myomata  are  the  most  frequent;  rhab- 
domyoma is  rare.  Myomata  composed  of  unstriped  muscle  with  varying 
quantities  of  fibrous  tissue,  fibromyomata,  are  more  common.  They 
usually  arise  in  the  anterior  wall  and  may  be  sessile  or  pedunculated;  as 
a rule  they  are  solitary.  Sarcoma  of  the  vagina-  is  a rare  tumor  occurring 
at  any  age,  but  infrequent  after  fifty.  In  McFarland’s  collection  of  102 
recorded  cases  34  were  instances  of  sarcoma  botryoides.  This  form  is  re- 
stricted to  infancy  and  childhood  and  characterized  by  the  formation  of 
cyst-like  areas  of  intense  local  edema  and  degeneration  resembling  clusters 
of  currants  or  grapes.  Sarcomata  in  adults  are  usually  spheroidal  or 
mixed-cell  tumors;  fibrosarcoma  is  often  sharply  circumscribed.  It 
is  possible  that  fibromyomata  of  the  vagina  may  undergo  sarcomatous 
transformation.  Chorio-epithelioma3  may  be  primary  in  the  vagina; 
vaginal  metastases  of  primary  uterine  growths  also  occur  (see  p.  359). 

Cysts  of  the  vagina4  are  rare.  There  has  been  much  speculation  as 
to  the  origin  of  vaginal  cysts.  Many  are  due  to  inclusion  within  vaginal 
or  perineal  lacerations;  others  are  retention  c)^sts  of  vaginal  glands. 
Cysts  may  also  develop  from  remains  of  Gartner’s  ducts  and  the  ducts 
of  Muller.  Some  are  dilated  lymph  channels  and  are  probably  exudative 
in  origin.  Normal  or  supernumerary  ureters  may  give  rise  to  vaginal 
cysts.  Cysts  of  urethral  origin  may  project  into  the  vagina.  Cystic 
degeneration  of  thrombi  in  the  veins  of  the  vaginal  wall  has  also  been 
considered  a cause.  The  cysts  may  be  single  or  multiple  and  var)^  from 
1 or  2 mm.  to  10  cm.  in  diameter.  Cysts  of  Gartner’s  duct  may  be  soli- 
tary or,  if  several  vestiges  are  present,  multiple;  in  the  latter  case  they 
occur  in  a single  row. 

1 Williams,  Vaginal  Tumors  with  Special  Reference  to  Cancer  and  Sarcoma, 
London,  1904. 

2 Rollin,  Rev.  de  Gynecol.,  1905,  ix,  No.  6.  McFarland,  Amer.  Jour.  Med. 
Sci.,  April,  1911,  p.  570. 

3 Duplay,  These  de  Paris,  1905. 

4 Cullen,  Johns  Hopkins  Hosp.  Bull.,  June,  1905.  Risch,  Zeitsch.  f.  Geburts. 
u.  Gyn.,  1909,  lxiv,  3. 
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VULVA. 

Malformations  of  the  vulva1  are  rare;  in  such  cases  the  bladder  and 
vagina  may  communicate  with  the  rectum;  the  atresia  may  also  involve 
the  anus.  The  labia  may  be  imperfectly  developed  or  absent.  The 
labia  majora  may  be  redundant,  occasionally  forming  long,  thick,  apron- 
like folds.  The  clitoris  is  sometimes  large,  resembling  a penis,  so-called 
hypertrophy  of  the  clitoris.  Like  the  penis  the  clitoris  may  be  bifid. 
The  hymen  or  indication  of  a destroyed  hymen  is  rarely  absent.  The 


Fig.  482.— Hypertrophy  of  Clitoris. 

( From  Hartmann’s  Operations  of  Gynecology.) 

structure  may  be  firm,  membranous  and  imperforate,  leading  to  reten- 
tion of  menstrual  fluid.  Hymen  septus  possesses  two  openings  com- 
monly lateral,  the  hymen  cribriformis  numerous  small  openings  irregu- 
larly placed.  . Partitioned  or  duplicated  hymen  accompanies  double 
vagina.  Acquired  deformities  of  the  vulva  result  from  lacerations  and 
other  forms  of  injury,  abscesses,  and  chronic  inflammations  and  diseases 
of  the  lymphatics.  The  latter  include  lesions  resulting  from  lymphatic 
obstruction,  elephantiasis,  and  the  indurating  edema  of  syphilis.2  Phag- 

Transi?Lo'erre*  ^a^orma^lons  °f  the  Genital  Organs  of  Woman,  1905,  Simes 

2 Taylor,  Jour.  Amer.  Med.  Assoc.,  July  13,  1907. 
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edenic  ulcerations,  gangrenous  and  other  necrotic  processes  may  de- 
stroy the  labia  or  even  deeper  structures,  and  during  cicatrization  give 
rise  to  contraction,  stenosis,  and  other  deformities  resulting  in  narrow- 
ing of  the  vulva  and  also  urethral  obstruction. 

Atrophy  of  the  pudendum  is  seen  in  old  women,  often  associated  with 
emaciation;  the  labia  majora  are  thin  and  retracted,  the  nymphae  small 
and  pale,  and  the  contained  vessels  sclerotic.  In  kraurosis  vulvae  the 


Fig.  483. — Vulva,  Spurious  Elephantiasis. 
{Roberts.) 


smaller  labia  waste,  the  skin  becomes  dry  and  shiny,  the  rete  atrophies, 
the  sebaceous  and  sweat  glands  disappear,  and  the  corneous  layer  thickens 
and  becomes  scaly;  the  corium  is  the  seat  of  more  or  less  hyperplasia. 
The  vaginal  orifice  may  be  narrowed.  The  affection  resists  treatment 
and  like  other  hyperkeratoses  may  terminate  in  cancer  (see  Precancer- 
ous  Conditions,  p.  319).  The  cause  is  unknown. 

Hypertrophy  of  the  labia  does  not  merit  a separate  position.  The 
term  is  used  to  embrace  many  forms  of  hyperplasia  and  includes  elephan- 
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tiasis.  The  condition  last  named  is  usually  restricted  to  the  labia  majora 
although  the  nymphae  and  clitoris  may  be  involved.  The  cause  is  often 
obscure;  lymphatic  obstruction,  chronic  lymphangitis,  or  perilymphangitis 
(see  p.  543)  of  mild  but  long  continuing  forms  are  usually  present.  Filarial 
elephantiasis  (see  p.  198)  is  rare  outside  the  tropics;  that  due  to  other 
causes  manifests  no  geographic  or  climatic  limits  and  constitutes  what 
Eden  calls  spurious  elephantiasis.  In  elephantiasis  the  involved  structures 
are  greatly  thickened,  and  the  labia  lengthened,  reaching  even  to  the  knees. 
The  condition  may  be  unilateral  or  bilateral.  The  cutaneous  covering 
is  sometimes  smooth  and  atrophic  but  usually  corrugated  or  nodular. 
Chronic  edema  is  frequently  present  and  acute  exacerbations  with  evident 
inflammation  are  commonly  observed.  Erosions,  ulcerations,  suppura- 
tions, and  even  gangrene  develop  in  the  later  stages.  Histologically,  in 
uncomplicated  cases,  the  connective  tissue  is  enormously  increased,  the 
fibrils  coarse  and  hyaline,  and  the  lymph-vessels  dilated;  the  new  tissue 
may  be  almost  acellular.  During  the  acute  exacerbations  leukocytic 
infiltration  occurs,  the  kind  and  number  of  the  white  cells  being  influenced 
by  the  presence  and  intensity  of  any  associated  infection;  usually  mono- 
nuclear leukocytes  are  most  abundant  but  of  course  active  pyogenic 
infection  is  attended  by  polymorphonuclear  accumulations.  The  epithe- 
lial investment  may  be  thin  and  wasted;  usually  the  rete,  when  not 
macerated  by  moisture,  is  stretched  and  the  corneous  layer  abnormally 
thick.  The  sweat  and  sebaceous  glands  and  the  hair  follicles  are  often 
atrophic. 

Trauma  of  the  vulva  may  be  due  to  accidental  violence,  blows,  kicks, 
falls  astride  or  with  wide  separation  of  the  limbs,  or  to  injury  received 
during  coitus;  labor  is  a most  frequent  cause  of  contusions  and  tears. 
Chemical  injury  results  from  the  use  of  too  concentrated  antiseptic 
solutions  and  thermal  irritation  from  hot  fluids.  Traumatic  hemorrhage 
may  be  concealed  or  open;  the  former  gives  rise  to  a blood  collection 
usually  affecting  the  labia  majora  and  called  hematoma  of  the  vulva  or 
hematocele.  The  same  conditions  follow  subcutaneous  rupture  of 
varicose  veins.  The  extravasated  blood  may  infiltrate  the  subcutaneous 
tissues  about  the  vulva  or  extend  upward  beneath  the  skin  of  the  abdom- 
inal wall.  Rupture  externally  may  quickly  prove  fatal.  If  promptly 
restricted  the  blood  coagulates,  later  liquefies,  and  is  finally  absorbed. 
Infection  and  consequent  suppuration  are  especially  dangerous  complica- 
tions. 

Vulvitis,  inflammation  of  the  vulva,  may  be  acute  or  chronic  and, 
with  regard  to  the  character  of  the  inflammation,  catarrhal,  pseudo- 
membranous, suppurative,  or  gangrenous.  Ulcerative  and  erosive  forms 
are  also  described.  The  skin  of  the  vulva  is  subject  to  essentially  the 
same  morbid  processes  as  elsewhere;  specific  lesions,  however,  such  as 
chancre  (see  p.  161),  chancroid  (p.  103),  and  gonorrhea  are  most  frequent. 

Acute  simple  vulvitis  is  a mild  catarrhal  affection  such  as  results 
from  friction  of  clothing,  the  moderate  trauma  of  frequent  coitus,  the 
application  of  irritant  solutions,  and  infection  by  organisms  of  little  viru- 
lence. In  infants  and  children  it  has  been  attributed  to  irritant  soaps 
and  alkalies  in  diapers,  and  to  intestinal  parasites,  especially  thread  worms. 
The  condition  is  usually  of  short  duration  and  characterized  by  redness, 
slight  swelling,  and  at  first  dryness,  followed  by  an  abnormal  moistness 
as  is  usual  in  acute  catarrhal  inflammations  (p.  551). 

Acute  mucopurulent  catarrhal  vulvitis  is  a term  applied  to  a much 
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^Tn^a?mat^0\th+an  att^nds  the  acute  simPle  lesion-  It  is  usually 

rorri^  TE  °^gm  but  may  be  due  to  organisms  other  than  the  gono- 
• ^ redness,  injection,  and  edema  are  much  more  intense  than 

the  cIBnrhfo  6 6 ^^phae  are  swollen,  the  glands  prominent, 

The  drtriired  Tu  mJe,cted’.and  the  urinary  meatus  red  and  pouting. 
1 3 i g 11S  of  sbort  durati°n  and  the  discharge  copious,  containing 

Gar  leu1koc/tes,  masses  of  necrotic  and  desquamated 

mav  he  and  oftfn  erythrocytes;  in  severe  infections  fibrin 

may  be  present  Superficial  necrosis  of  the  epithelium  may  justify  the 

mu™  ™51^  vulvitls  ; deeper  lesions  involving  the  entire  thickness  of  the 
’ f-  Present  m ulcerative  vulvitis.  In  gonorrheal  vulvitis  the 

of  1 BLtholin0SwhUSh  descnbed  W1.th  frequent  involvement  of  the  glands 
cL  B tholllJ  which  usually  enlarge  and  sometimes  suppurate.  In 
me  cases  of  vulvitis  the  follicles  are  swollen,  red,  and  prominent,  vesicles 

or  pustules  develop;  the  skm  lesion  is  essentially  a follicular  dermatitis- 
the  affection  is  called  follicular  vulvitis.  ' uermautis, 

m u cons ^rvr ° n ^ U S ™lvitis  results  from  any  pyogenic  infection  of  the  sub- 
fob  W 1 r neOUS,  connective  tissue.  It  may  be  due  to  or  rather 

o low  trauma.  Gonorrhea  is  sometimes  a cause;  infection  following  de- 
livery may  also  result  m suppuration.  Any  pyogenic  organism  may  cause 
phlegmonous  vulvitis  but  the  gonococcus,  streptococcus,  and  ordinary 

foffn,°pCC1  h +the  USUm  bacteria  Present.  The  inflammation  may  be 
use  with  intense  reddening,  edema,  and  induration  not  unlike  erysipe- 
las (erysipelatous  vulvitis)  or  circumscribed  (abscess).  The  location  mav 
indicate  that  the  infection  occurred  through  Bartholin’s  gland,  the  usual 

0fnBarTh1o1fojVUlr0Vfgmai1  abscess‘  is  commonly  stated  that  abscess 
of  Bartholin  s gland  is  due  to  gonorrhea;  that  is  doubtless  true  but  it 

fr°m  °4-ther  causes-  The  periglandular  induration  may  be 
intense  and  evident  suppuration  may  be  delayed.  An  infected  hema- 
toma or  even  a more  diffuse  extravasation  (contusion  or  bruise)  may  be 
the  starting  point  of  suppuration.  ; ' 

Pseudomembranous  vulvitis  is  rare;  it  may  complicate  diphtheria 
and  be  due  to  the  Bacillus  diphtheriae  or  result  from  infection  by  the 
pneumococcus,  bacillus  of  Fnedlander,  streptococcus,  or  other  pyogenic 

(s?eap1S“55)Membrane  formation  is  rare>y  conspicuous  or  extensive 

Vulvovaginitis  in  children1  is  a readily  communicable  infectious 
process  due  to  the  gonococcus.  Institutional  epidemics  are  of  frequent 
occurrence,  especially  where  constant  vigilance  is  not  maintained  A 
single  case  introduced  into  a children’s  ward  or  home  often  inaugurates 
an  epidemic.  Ihe  anatomic  characters  of  the  affection  and  consequent^ 
the  symptomatology  are  most  varied.  In  the  earlier  acute  sta^e  it  is 
often  a mucopurulent  vulvitis  or  vulvovaginitis;  later  it  may  be  latent 
and  almost  symptomless.  Patients  of  the  latter  group  are  infected  and 
infective  1 germ  carriers,”  but  for  periods  without  symptoms— a fact 
that  renders  their  exclusion  from  institutions  difficult.  The  infection 
may  persist  for  years.  The  impression  that  it  is  not  a serious  disease 
is  clearly  wrong;  the  uterus  and  peritoneum  may  be  invaded  and  Marfan2 
has  recorded  a case  m which  the  gonococcus  was  obtained  from  the 
circulating  blood;  endocarditis  was  also  present. 

Gangrenous  vulvitis,  one  form  of  which  is  called  noma  of  the  vulva, 

1 Alice  Hamilton,  Jour.  Infect.  Dis.,  March  50,  1008. 

2 Sem.  Med.,  June  i,  1910. 


994 


SPECIAL  PATHOLOGY. 


occurs  under  about  the  same  conditions  as  noma  elsewhere  (see  p.  248  1 
and  p.  688).  The  gangrenous  vulvitis  following  difficult  labor  (often 
instrumental  labor)  may  be  a simple  necrosis  due  to  trauma,  contusion  , 
or  bruising,  or  an  extending  infection  involving  structures  the  vitality 
of  which  has  been  weakened  by  injury. 

Chancroid  of  the  Vulva. — The  vulva  is  the  usual  site  of  chancroid 
(see  p.  103)  in  the  female.  Syphilis  of  the  Vulva. — The  initial  lesion 
of  genital  syphilis  (see  p.  160)  is  commonly  located  on  some  part  of  the 
vulva.  Mucous  patches  and  eruptive  lesion  of  secondary  syphilis  com-  j 
monly  involve  the  vulva.  Condylomata  are  of  frequent  occurrence; 
gummata  are  rare. 

Tuberculosis  of  the  vulva1  is  not  of  common  occurrence.  As  usually  j 
manifested  it  resembles  lupus.  The  generally  recognized  form  con- 
sists of  a necrotic  progressing  ulcer,  parts  of  which  heal  while  others 
extend.  The  demonstration  of  characteristic  tubercles  and  bacilli  are 
necessary  to  accurate  diagnosis  and  as  other  acid-fast  organisms  are 
frequently  present  this  adjuvant  fails.  Paoli  thought  infection  might  ! 
occur  in  coitus.  Hamburger  reported  an  instance  in  a child  of  three 
years.  In  addition  to  the  ulcerative  form  or  associated  with  it  a distinct  1 
hyperplastic  lesion  may  be  present;  the  fibrous  induration  affects  the 
subcutis  and  submucosa;  the  hyperplastic  masses  may  be  pedunculated 
or  diffuse.  Under  the  name  esthiomene  has  been  included  some  forms 
of  lupus  of  the  pudendum,  no  doubt  cases  of  syphilis  and  possibly  other  j 
infections. 

Tuberculosis  of  the  gland  of  Bartholin  has  been  reported.2 

Tumors  of  the  vulva  may  be  primary  or  secondary;  both  forms  are 
rare.  Papilloma  may  develop  as  a single,  hard  or  soft  wart,  or  in  ir- 
regularly collected  masses,  sessile  or  pedunculated.  The  relation  to 
irritation  is  indicated  by  the  frequency  with  which  papillomata  accom- 
pany chronic  gonorrhea,  leukorrhea,  uncleanliness,  and  other  forms  of  1 
local  irritation.  Primary  cancer  of  the  vulva3  is  usually  of  the  squamous-  5 
cell  epithelioma  type  and  is  rare  before  the  fiftieth  year.  In  Dittrick’s 
collection  a labium  majus  was  involved  in  52  cases,  clitoris  in  35,  nymphae 
in  21,  commissures  and  vestibule  in  7;  Jacoby4  collected  67  cases  of 
cancer  of  the  clitoris.  The  neoplasm  may  constitute  a distinct  tumor, 
a diffuse  infiltration  without  elevation,  or  deep  crater-like  ulcers.  Aris- 
ing on  one  labium  the  apposed  lip  may  be  inoculated.  Lymphatic 
metastases  sometimes  appear  early  but  may  be  long  delayed. 

Lipomata  usually  arise  in  the  labia  majora,  or  mons  veneris.  They 
may  be  large  and  resemble  elephantiasis.  Fibroma5  is  an  infrequent 
tumor  of  the  pudendum.  It  may  occur  at  any  age  but  is  commonest 
between  30  and  50.  Usually  the  tumor  is  small  but  masses  weighing 
75  pounds,  and  268  pounds  have ‘been  reported.  Sometimes  they  are 
multiple;  they  are  frequently  edematous  and  occasionally  cystic. 

Fibromyomata,  myomata,  myxomata,  hemangiomata,  lymphangio- 
mata, and  chondromata  are  exceedingly  rare.  The  nonmalignant 
connective-tissue  neoplasms  usually  arise  in  the  labia  majora.  Among 

1 Paoli,  La  Gynecol.,  1897.  Bonnin,  These  de  Paris,  1904.  Bender,  Rev. 
de  Gynecol.,  1907. 

2 Lecene,  Ann.  d.  Gyn.  et  d’Obst.,  xxxvi,  1909. 

3 Dittrick,  Amer.  Jour.  Med.  Sci.,  Aug.,  1905,  p.  277.  Serafini,  Gazz.  degli 
Osped.,  Sept.  30,  1906.  Bozer,  These  de  Paris,  1908. 

4 Zentralbl.  f.  Gynak.,  1904,  No.  30. 

5 Schumann,  Amer.  Jour.  Med.  Sci.,  March,  1907. 
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the  infrequent  tumors  of  the  vulva  sarcoma  may  be  mentioned.  Melano- 
tic and  mixed-cell  types  occur. 

The  most  frequent  cyst  of  the  vulva  is  that  arising  in  Bartholin’s 
gland.1  Usually  the  cyst  represents  a dilated  duct  although  the  gland 
body  is  occasionally  involved.  The  fluid  within  the  cyst  may  be  aqueous 


or  mucoid;  partial  inspissation  and  cell  desquamation  may  render  the 
contents  atheromatous.  Vulvo-vaginal  cysts  frequently  suppurate. 
Cysts  may  also  result  from  imperfect  absorption  of  extravasated  blood 
or  accumulations  of  fluid  in  the  canal  of  Nuck.  Fetal  vestiges  of  Gart- 
ner’s duct  may  give  rise  to  cysts. 


*Fig.  484. — Bartholinian  Cyst,  Formed  by  Dilatation  of  the  Duct  of  Bartholin’s  Gland.  {Eden.) 


1 Cullen,  Jour.  Amer.  Med.  Assoc.,  Jan.  21,  1905. 
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MAMMARY  GLAND. 

Malformations  and  Malpositions.1 — Amastia,2  absence  of  both  mam- 
mae, is  rare;  absence  of  one  organ  is  more  frequent.  Sometimes  the 
thorax  beneath  the  mammary  area  is  also  malformed;  Whyte3  records 
an  instance  of  absence  of  the  right  breast  and  pectoral  muscle  in  a man 
whose  father  had  the  same  defect.  Instances  have  been  reported  in 
which  the  ovary  of  the  same  side  was  also  atrophied.  The  nipple  is 
occasionally  absent,  athelia,  hypoplastic  microthelia,  depressed  or  even 
invaginated. 

Polymastia4  is  more  frequent  than  absence  of  the  organ.  It  is  occa- 
sionally a familial  affection.  Polymastia  may  be  associated  with  poly- 
thelia (supernumerary  nipples)  or  a single  mamma  may  possess  several 


Fig.  485. — Polymastia.  ( Debierre .) 

Supernumerary  mamma  in  each  axilla;  the  normal  and  also  the  supernumerary  organs  secreted  milk. 


mammillae.  The  supernumerary  organs  may  be  situated  beneath  the 
normal,  in  the  axillae,  above  the  normal  gland,  elsewhere  on  the  thorax 
or  abdomen,  or  on  the  arm  or  thigh.  Ten  supernumerary  mammae  have 
been  observed  in  the  same  patient.  As  a rule  the  organs  are  immature 
and  rarely  capable  of  performing  their  normal  functions;  to  this,  however, 
there  are  exceptions.  When  a single  breast  possesses  more  than  one 
mammilla  the  supernumerary  nipple  is  rarely  well  formed  or  capable  of 
normal  function.  In  gynecomastia  the  male  breast  is  enlarged  and 
may  secrete  milk.  The  condition  is  sometimes  attended  by  other  feminine 
attributes.  Quintrie5  reported  an  instance  of  gynecomastia  in  which 
the  patient  had  an  anal  discharge  thought  to  have  been  menstrual, 

1 Debierre,  Malformations  of  the  Genital  Organs  of  Woman,  1905,  Simes’ 
Translation. 

2 Hubert,  Thfese  dc  Paris,  1907. 

3 Lancet,  Oct.  29,  1904,  p.  1249. 

4 A oung,  Boston  Med.  and  Surg.  Jour.,  March  24,  1904,  p.  319.  Iwai,  Arch,  de 
Med.  Exper.,  July,  1904,  p.  489.  Cignozzi,  Rif.  Med.,  March  9,1908.  Hofstatter, 
Munch,  med.  Woch.,  Nov.  1,  1910  p.  229c. 

5 Jour,  de  Med.  de  Paris,  June  19,  1898. 
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recurring  every  twenty-eight  days  for  eleven  years;  the  rectum  was 
normal,  menstruation  in  the  male  usually  occurs  from  the  urethra. 

Hypoplasia  of  one  or  both  organs  is  occasionally  observed.  Often 
smallness  ol  the  mamma  is  due  to  scanty  perimammary  or  retromam- 

dements^  rat“er  than  to  any  developmental  defect  of  the  active  gland 

Hem?rrhage  m a mamma  or  from  a nipple  may  be  a manifestation 
ot  vicarious  menstruation.  Definite  mammary  hematoma  or  diffuse 
emorrhagic  infiltration  of  the  organ  is  sometimes  traceable  to  injury, 
etromammarv  hematoma  also  occurs.  Occasionally  inflammations 
ot  the  mamma  and  mammary  neoplasms  are  attended  by  bloody  dis- 
charge from  the  nipple.  3 

Atrophy  of  the  mammae  occurs  in  wasting  diseases,  follows  the  meno- 
pause,  and  is  oiten  associated  with  absence  or  hypoplasia  of  the  uterus 
and  tubes  It  may  be  unilateral  or  bilateral.  Gasperini  and  Cartolari1 
lave  described  atrophy  of  the  breast  occurring  in  pulmonary  tubercu- 
losis, most  marked  on  the  affected  side.  They  called  the  condition 

amsomastia.  Their  conclusions  are  based  on  measurements  of  the  areola 
m women  only. 

, Jyp^phy  of  the  mammae.- — The  term  hypertrophy  is  not  applied 
to  the  functional  enlargements  accompanying  gestation  nor  to  the 
occasional  notable  increase  in  size  of  the  mamma  shortly  after  birth 
and  sometimes  persisting  for  months;  gynecomastia  is  by  some  writers 
placed  with  hypertrophies.  Warthin  described  mammary  enlargement 
accompanying  chonoepithehoma  of  the  testicle  and  Cereoli  noted  that 
the  organs  increased  in  size  in  exophthalmic  goiter.  Enlargement 
oi  the  mamma  and  wasting  of  the  testicle  have  been  known  to  follow 
orchitis  complicating  mumps.  In  that  affection  known  as  idiopathic 
hypertrophy  of  the  mammae  the  gland  sometimes  attains  enormous 
proportions;  in.  one  recorded  instance  the  two  mammai  weighed  124 
pounds,  approximately  60  kilos.  Unilateral  hypertrophy  gives  an  aver- 
age  weight  of  about  7 kilos.  . In  the  cases  reported  by  Durston  and  by . 
Albert  the  two  mammae  weighed  more  than  the  patients  from  whom 
the  enlarged  organs  were  removed.  Albert  concludes  that  the  hyper- 
trophy involves  both  gland  and  connective  tissue,  the  former  particu- 
larly when  the  condition  arises  during  gestation,  in  the  absence  of  which 
connective-tissue  increase  is  most  marked.  Idiopathic  hypertrophv 
ol  the  mamma  is  usually  progressive;  cases  arising  during  gestation  have 
been  known  to  regress  after  abortion  or  labor. 

Inflammations  of  the  mammae  properly  include  those  of  the  nipple 
ducts,  glandular  and  periglandular  tissues.  Inflammations  of  the 
retromammary  structures  may  be  due  to  diseases  of  the  mamma  but 
do  not  differ  from  similar  inflammations  occurring  in  the  same  tissues 
situated  elsewhere;  this  also  applies  to  inflammations  of  the  skin  coverino- 
the  organ.  45 

Thelitis  or  inflammation  of  the  nipple,  is  rare  in  the  nonlactating 
organ.  It  may  be  due  to  direct  injury  or  to  the  extension  of  cutaneous 
inflammations  arising  in  the  adjacent  skin.  It  usually  accompanies 


1 Rif.  Med.,  Jan.  31,  1910. 

- Bartel,  Zeitschr.  f.  Heilkunde,  Bd.  xxi,  iqoi  H 7 Cereoli  Go 7 
Osped.  e.  delle  Clin,  xxix,  p.  979,  Aug.  2,  1908.  Warthin,  Jour.  Amer’Med  Assof  * 
April  17  1909  p.  1276.  Albert,  Jour.  Amer.  Med.  Assoc.,  Oct.  15  1910  n ' °o’ 
Caubet,  Arch,  de  med.  des  enfants,  March,  1911.  9 ’ P'  339- 
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lactation  and  is  due  to  infection  of  abrasions  and  fissures  and  to  the  loss 
of  the  epithelium  which  normally  guards  the  organ  from  bacterial  invasion. 
It  is  most  frequent  in  primipara.  Pyogenic  organisms,  usually  staphy- 
lococci, less  frequently  streptococci,  are  commonly  present.  From  the 
primary  lesion  in  the  nipple  infection  may  extend  to  the  ducts,  gland 
lobules,  and  interstitial  tissue. 

Mastitis,  mammitis,  or  inflammation  of  the  mammas  may  be  acute  or 
chronic.  Acute  mastitis  usually  affects  the  secreting  organ  and  may 


Fig.  486.  Idiopathic  Hypertrophy  of  the  Mamm*  in  a girl  17  years  old.  (Debierre,  Simes’  translation.) 


be  unilateral  or  bilateral,  circumscribed  or  diffuse;  occasionally  blows 
upon  the  mamma,  irritation  by  corset  stays,  or  other  forms  of  injury  are 
followed  by  inflammation.  Usually  the  condition  arises  during  lactation 
and  is  due  to  infection  propagated  along  the  galactophorous  ducts  (ga- 
lactophoritis) . Fissures,  abrasions,  and  other  solutions  in  the  continuity 
of  epithelial  investment  of  the  nipple  constitute  points  through  which 
bacteria  enter.  It  is  probable  in  all  cases  the  inflammation  is  an  in- 
fection, ceitainly  in  those  terminating  in  abscess  formation.  Mastitis 
may  accompany  pyemia,  septicemia,  pneumonia,  typhoid,  and  other 
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infectious  diseases.  Mastitis  of  typhoid  fever1  has  been  especially  studied; 
in  about  half  of  the  cases  both  organs  are  involved;  fifty  per  cent.- of  the 
affected  mammae  suppurate.  It  is  probable  that  in  typhoid  and  allied 
conditions  infection  occurs  from  the  circulating  blood.  The  origin  of 
bacteria  found  in  the  milk  of  women  during  gestation  and  during  the 
puerpeiium,  and  of  children  is  less  certain;  Kostlin  found  in  these  groups 
| that  bacteria  were  demonstrable  in  the  milk  in  from  seventy-five  to  eighty- 
six  per  cent,  of  the  cases  examined.  Whether  the  microorganisms  come 
from  the  circulating  blood  or  enter  through  the  ducts  is  not  clear.  Bac- 
teria present  are  usually  staphylococci.  It  is  generally  held  that  in 
puerperal  mastitis  infection  occurs  through  the  nipple. 

No  doubt  changes  occurring  in  the  breast  during  gestation  and  lacta- 
tion render  the  organ  more  susceptible  to  infection.  The  affected  mamma 
enlarges,  becomes  firm,  tender,  edematous,  and  hyperemic.  These 
phenomena  may  be  diffuse  and  involve  the  entire  breast,  diffuse  mastitis, 
or  restricted  to  one  or  more  lobules,  nodular,  circumscribed,  or  localized 
mastitis.  In  about  half  of  the  cases  the  lesion  progresses  to  abscess 
foimation,  suppurative  mastitis.  Che  diffuse  form  sometimes  terminates 
m sepsis  and  death,  with  extensive  necrosis  of  the  breast  and  without  a 
definite  pus  collection.  In  the  case  reported  by  Planchu  and  Rendu- 
the  breast  resembled  a sponge  soaked  in  pus.  According  to  Tillaux3 
abscess  formation  in  puerperal  patients  is  five  times  more  frequent  than 
in  mastitis  arising  under  other  conditions.  The  subcutaneous  abscesses 
are  probably  due  to  propagation  of  inflammation  along  the  lymph  channels 
anterior  to  the  mamma,  mammary  lymphangitis.  Parenchymatous 
abscesses  involve  one  or  more  lobules  of  the  mamma  and  frequently 
result  in  the  destruction  of  affected  parts  of  the  gland.  Deep  abscess  of 
the  breast  or  retromammary  abscess  arises  in  the  connective  tissue 
between  the  mamma  and  the  chest  wall.  Any  form  of  abscess  involving 
the  gland  tissue  may  result  in  necrosis  of  the  affected  area  and  extensive 
sclerosis  of  contiguous  mammary  lobules. 

Chronic  mastitis1  includes  a number  of  alterations  in  the  mamma, 
some  of  which  are  clearly  not  of  an  inflammatory  nature.  In  its  simplest 
form  there  is  a notable  increase  in  fibrous  tissue,  both  intralobular  and 
interlobular,  of  the  organ;  the  epithelium  of  the  gland  wastes,  the  acini 
atrophy,  and  eventually  little  of  the  normal  mamma  remains.  This 
type  is  what  some  writers  evidently  have  in  mind  when  they  speak  of 
sclerosis  of  the  mamma.  In  other  cases  in  which  fibrosis  may  be  less 
intense  cysts  are  formed,  chronic  cystic  mastitis,  a form  of  cystic  disease 
of  the  mamma.  Delamare  and  Lecene5  record  two  cases  of  chronic 
sclerosing  mastitis  in  which  the  cysts  contained  cellular  detritus  and 
yellowish  concretions  (mammary  lithiasis)  largely  composed  of  cho- 
lesterin;  the  process  was  attributed  to  an  old  infection.  Concerning 
the  origin  of  these  cysts  there  has  been  much  dispute.  In  the  form  de^ 
scribed  by  Mintz  the  intralobular  connective-tissue  hyperplasia  is  ac- 
companied by  necrosis  of  the  cells  of  the  gland  which  may  in  some  acini 

1 McRae,  Johns  Hopkins  Hosp.  Bull.,  Jan.,  1902,  xiii,  p.  20.  MacConkey 
Brit.  Med.  Jour.,  Sept.  13,  1902,  p.  789.  Soulier,  Thfcse  de  Montpellier,  1906. 

-Lyon  Med.,  April  21,  1907. 

3 Press  Med.,  July  30,  1904,  p.  481. 

4 Mintz-  Berl-  klin-  Woch.,  Nov.  20,  1899.  Greenough  and  Hartwell,  Tour. 
Med.  Research,  June,  1903,  p.  416.  Curtis  and  Wood,  Med.  News,  Aug.  n’  iQOu 
Niclot  and  Massoulard,  Arch,  de  Med.  Exper.,  Nov.,  1900. 

5 Compt.  Rendu  Soc.  d.  Biol.,  Tome  iii,  1903. 
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entirely  disappear;  it  is  not  believed  that  these  are  retention  cysts.  In 
still  other  cases  fibrosis  around  the  galactophorous  and  smaller  acinous 
ducts  prevents  escape  of  any  fluid  arising  in  the  acini  and  the  fibrous 
hyperplasia  surrounding  the  gland  spaces  and  lobules  interferes  with  the 
hemic  and  lymphatic  absorption  of  fluid,  consequently  a dilatation 
of  the  affected  ducts  or  gland  spaces  occurs;  such  cysts  are  due  to  retention. 

In  another  group  of  mammae  the  interstitial  fibrosis  is  present,  but  a notable 
proliferation  of  the  gland  epithelium  occurs,  filling  or  distending  the 
gland  spaces,  and  later  as  a result  of  necrosis  and  degeneration  leads  to  ; 
cyst  formation.  In  this  type  epithelial  hyperplasia  is  added  to  the  con- 
nective-tissue overgrowth.  In  some  of  the  gland  spaces  of  the  last  de- 
scribed form  and  occasionally  without  the  manifestations  of  that  type, 
dilated  ducts  or  acini  are  found,  the  walls  showing  a distinct  papilloma- 
tous tendency.  The  inner  lining  of  such  cysts  may  show  a few  shreddy 
papillary  growths  projecting  into  the  cavity,  or  cavities  may  be  filled 
with  fine  dendritic  papillary  extensions  which  have  arisen  from  the  epi- 
thelium originally  lining  the  cavity.  It  is  evident  that  in  this  condition 
the  lesion  is  manifesting  a neoplastic  tendency  and  consequently  may 
properly  be  looked  upon  as  a papillary  cystadenoma  of  the  mamma.1 
These  tumors  have  been  called  duct  papillomata,  villous  papilloma, 
cystadenoma  intracanaliculare,  and  proliferous  cysts  of  the  breast.  Can- 
cer arising  in  such  masses  is  not  uncommon,  further  evincing  the  neoplastic 
tendency  of  the  change  and  justifying  the  term  duct  cancer  sometimes 
used.  Fifteen  of  the  twenty  cases  studied  by  Greenough  and  Simmonds 
were  associated  with  cancer,  adenocarcinoma.  Any  one  who  has  examined 
a large  number  of  mammae  must  recognize  that  between  the  fibroses 
characterized  by  varying  degrees  of  fibrous  hyperplasia,  definite  fibro- 
mata, and  fibroadenomata  of  the  mamma  it  is  possible  to  construct  a 
continuous  histologic  picture,  consequently,  the  fibroses  here  grouped  are 
in  some  of  their  forms  looked  upon  as  diffuse  fibroma  of  the  breast,  or, 
again,  as  diffuse  or  nodular  fibroadenoma  of  the  mamma. 

Occasionally  following  puerperal  mastitis  and  less  frequently  arising 
from  other  causes,  a chronic  suppurative  mastitis  occurs.  Purulent 
collections  come  and  go,  discharging  their  contents  through  galactopho- 
rous ducts  or  less  frequently  through  fistulous  tracts,  and  often  persist- 
ing months  or  even  years.  In  this  form  of  mastitis  the  lesion  is  mani- 
festly a continuing  infection  by  pyogenic  bacteria  which,  in  the  ducts 
or  sinuses  have  established  conditions  beyond  the  anti-infectious  re- 
sources of  the  individual.  I have  seen  this  chronic  suppurative  con- 
dition accompanying  both  sarcoma  and  carcinoma  of  the  mamma;  the 
former  was  readily  recognized,  the  latter  was  not  suspected  until  clinical 
evidence  of  sarcomatous  dissemination  led  to  a revision  of  the  histo- 
logic diagnosis.  In  both  acute  and  chronic  suppurative  mastitis  enlarge- 
ment of  the  axillary  lymph-nodes  is  not  uncommon,  and  in  the  absence 
of  a histologic  examination  of  these  structures  an  accurate  diagnosis 
becomes  difficult  or  impossible. 

Tuberculosis  of  the  mammas,2  scrofulous  or  tuberculous  mastitis, 

1 The  literature  of  papillary  cystadenoma  of  the  breast  is  given  by  Strasser, 
Jour,  of  the  Med.  Soc.  of  New  Jersey,  1909. 

* Cuneo,_  These  de  Paris,  1899.  Schley,  Annals  of  Surgery,  April,  1903,  p.  500. 
Nattan-Larrier,  Arch.  Gen.  de  Med.  Exp.  et  Anat.  Path.,  March,  1904,  p.  176. 
Muller,  Deut.  med.  Woch.,  1905,  No.  1.  von  Eberts,  Amer.  Jour.  Med.  Sci.,  July, 
1909.  Fuller,  New  York  Med.  Jour.,  Sept.  4,  1909. 
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results  from  infection  by  the  tubercle  bacillus.  Infection  may  be  hema- 
togenous; this  is  the  necessary  pathway  in  acute  miliary  tuberculosis 
of  the  breast.  Infection  by  the  mammary  ducts  must  be  conceded  as  a 
possibility  but  is  probably  rare.  Lymphogenous  infection  is  usually 
secondary  to  tuberculosis  of  the  axillary  lymph-nodes  or  pleura.  The 
disease  may  be  primary  or  secondary;  the  former  is  exceedingly  rare. 
Tubercle  bacilli  reaching  the  mamma,  particularly  the  lactating  organ, 
find  conditions  eminently  suited  to  their  growth.  Nocard  and  Nattan- 
Larrier  showed  that  ascending  tuberculous  galactophoritis  could  readily 


Fig.  487. — Tuberculosis  op  Mamma.  Microscopic  Appearance. 

(Rodman.) 


be  produced  by  injecting  tubercle  bacilli  into  larger  ducts.  The  method 
has  been  recommended  for  the  detection  of  tubercle  bacilli  scantily  present 
in  fluids  undergoing  investigation.  It  is  usually  stated  that  the  disease 
does  not  occur  before  puberty,  and  that  males  are  not  affected.  There 
are,  however,  rare  exceptions;  Muller  has  reported  an  instance  of  chronic 
tuberculous  mastitis  in  a boy.  Tuberculosis  and  cancer1  of  the  breast 
may  be  concurrent.  Anatomically  it  is  possible  to  recognize  miliary 
tuberculosis  which  is  the  acute  form,  and  chronic  fibrous  or  fibrocaseous 

1 Warthin,  Amer.  Jour.  Med.  Sci.,  July,  1899.  Kallenberger,  Arbeit,  a.  d. 
Gebiet.  d.  path.  Anat.,  Bd.  iv,  1902.  Scheidegger,  Ein  Fall  v.  Carcinom u.  Tuberk,  d. 
gleichen  Mamma.,  Aarau,  1904.  Fricke,  Beitr.  z.  klinik  d.  Tuberk.,  1907. 
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tuberculosis.  The  lesion  may  be  diffuse  or  nodular;  the  latter  is  some- 
times called  discrete.  The  histologic  changes  are  those  usually  accom- 
panying tuberculosis  (see  p.  124). 

Actinomycosis  of  the  mammae1  is  usually  secondary  to  pleuropulmon- 
ary  or  to  cutaneo-thoracic  actinomycosis.  The  lesion  begins  by  nodular 
infiltration  resembling  acute  neoplasm.  This  is  followed  by  peripheral 
extension,  involvement  of  the  skin,  necrosis,  and  discharge  of  actinomy- 
cotic pus  containing  the  parasite.  At  first  the  nodular  mass  is  usually 
fairly  defined,  later  the  lesion  becomes  diffuse.  The  axillary  lymph- 
nodes  are  not  involved,  although  when  suppuration,  and  mixed  infection 
occur  they  may  enlarge.  A retromammary  actinomycotic  lesion  is  occa- 
sionally observed. 

Syphilis  of  the  Mammae.2 — Chancre  of  the  nipple  or  skin  covering 
the  breast  is  occasionally  observed.  Lesions  during  the  secondary  stage 
are  usually  restricted  to  the  skin  and  nipple.  In  tertiary  syphilis  a 
diffuse  fibrous  sclerosis  of  the  mamma  may  occur  but  the  most  frequent 
lesion  is  gumma.  Of  the  fifty  gummata  collected  by  Heller,  one  was 
retromammary.  The  gummatous  mass  is  usually  circumscribed,  with- 
out adhesion,  and  closely  resembles  true  neoplasm  of  the  organ.  Dis- 
cerning clinicians  have  amputated  gummatous  breasts  under  the  im- 
pression that  they  were  dealing  with  malignant  tumors.  Marked  en- 
largement of  the  axillary  lymph-nodes  sometimes  is  present  and  retrac- 
tion of  the  nipple  makes  the  resemblance  to  scirrhus  often  striking. 
Syphilis  of  the  breast  occasionally  occurs  in  men.  Histologically  the 
lesion  resembles  gumma  occurring  elsewhere.  (See  p.  163.) 

Tumors  of  the  mammae3  are  among  the  most  frequent  neoplasms; 
especially  is  this  true  of  woman.  Not  only  are  new  growths  common  in 
the  mamma,  but  approximately  seventy-five  per  cent,  are  cancers  and  con- 
sequently the  appalling  mortality  from  mammary  tumor.  The  impression 
that  the  male  escapes  is  only  relatively  true;  considering  the  functionless 
organ  it  is  remarkable  that  he  is  a victim  at  all.  Of  750  tumors  of  the 
male  breast  embraced  in  Palmero’s4  collection  5 were  adenomata,  22 
adenofibromata,  9 cystadenomata,  26  fibromata,  5 lipomata,  24  sarco- 
mata, 7 angiomata,  one  each  of  enchondroma,  myxoma,  and  myoma, 
and  649  carcinomata. 

An  exhaustive  discussion  of  the  neoplasms  of  the  mamma  would 
require  a review  of  practically  all  the  commoner  varieties  of  new  growth.  I 
The  following  are  the  more  important  mammary  tumors. 

Papillomata  of  the  mammae  usually  are  cutaneous  and,  although 
rare,  commonly  involve  the  nipple5  or  adjacent  skin.  Papillomata  ; 
occurring  in  cysts  are  discussed  on  p.  1000. 

Adenoma  of  the  mammae,6  "as  a pure  growth,  is  one  of  the  rarest 
tumors  of  the  organ.  I have  seen  one  such  tumor  removed  by  the 

1 Editorial  N.  Y.  Med.  Jour.,  Aug.  18,  1906,  p.  343.  Risel,  Verhand.  d.  Deut. 
Path.  Gesellschaft,  1909,  p.  322. 

Matzenauer,  ^ien-  klin.  Woch.,  Oct.  2,  1902,  p.  1029.  Heller,  Munch,  med.  I 
Woch.,  April  28,  1903.  Beer,  Med.  News,  Oct.  28,  1905.  Bissell,  Med.  Record,  i 
July  13,  1907.  Deutsch,  Wien,  kliri.  Woch.,  Jan.  28,  1909. 

3 W.  Roger  Williams,  Monograph  on  Diseases  of  the  Breast,  its  Pathology  and 
treatment,  with  Special  Reference  to  Cancer,  London,  1894.  Warren,  Boston  Med. 
and  Surg.  Jour.,  July  27,  1905.  Rodman,  Diseases  of  the  Breast,  1908.  Cornil, 
iumeurs  du  Sem,  Paris,  1908. 

. I Turnon  della  Mammella  Maschile;  studio  Criticoclinico,  Palmero,  1907. 

5 Salsac,  Thfese  de  Paris,  1903. 

Speese,  Proc.  Path.  Soc.  of  Phila.,  Sept.,  1909,  p.  291. 
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younger  Gross  from  a girl  16  years  of  age.  The  tumor  was  ovoidal, 
irregularly  lobulated,  and  soft.  Enlargement  occurred  at  each  men- 
strual period,  followed  by  reduction  in  size.  Growth  had  been  slow; 
twenty  years  after  removal  there  had  been  no  recurrence.  Histologi- 
cally the  tumor  resembled  normal  mammary  structure.  A capsule 
was  present. 
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Fig.  488. — Simple  Adenoma  op  Mamma.  Microscopic  Appearance. 

(Rodman.) 


Carcinoma  of  the  mammae  is  the  most  frequent  neoplasm  of  the 
organ.  About  one  per  cent,  of  the  mammary  carcinomata  occur  in  men; 
ninety  per  cent,  of  the  patients  are  between  forty  and  sixty  years  of  age. 
History  of  injury  or  of  inflammation,  acute  or  chronic,  is  present  in 
fifteen  to  twenty-five  per  cent,  of  the  cases.  The  disease  is  rarely  bi- 
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lateral  and  one  breast  is  affected  as  often  as  the  other.  Extension  of 
primary  carcinoma  of  one  breast  to  the  opposite  organ  is  occasionally 
observed.  Although  lymphatic  metastasis  is  the  rule  in  carcinoma, 
secondary  growths  in  distal  bones,  in  the  choroid,  in  coexisting  uterine 
myomata,  and  in  the  lungs  show  that  hematogenous  dissemination 
occurs.  Notwithstanding  that  neglected  carcinoma  of  the  breast  is  one 
of  the  most  assuredly  fatal  diseases  occasional  cases  of  arrest  or  retro- 
gression occur.  In  atrophic  scirrhus  life  may  be  indefinitely  prolonged. 
Osier  has  recorded  several  instances  of  suspended  sentence;  occasionally 
recurrences  disappear,  usually  only  to  return  and  progress.  In  some 
cases  of  mammary  cancer  bone  metastases  are  widespread,  although 
the  primary  growth  may  be  small.1 

Scirrhous  carcinoma  (see  p.  327)  is  the  most  frequent  tumor  of  the 
breast.  Initially  the  lesion  is  monocentric,  consisting  of  a dense,  re- 


■ 4^9-  Part  of  Cutaneous  Surface  of  Right  Mamma  the  Seat  of  a Centrally  Placed  Primary 
T +u  r Scirrhous  Carcinoma  and  of  a Secondary  Nodule. 

jus  to  the  left  of  the  letter  A is  the  nipple,  showing  the  retraction  or  umbilication,  with  puckering  or 
dimpling  of  the  skin  of  the  surrounding  areola.  The  “bacon-rind”  appearance  is  even  more  marked 
just  to  the  left  of  B.  To  the  right  of  C is  a secondary  nodule,  firmly  attached  to  the  skin,  which 
is  drawn  m around  the  neoplasm;  the  surface  of  the  nodule  shows  the  stretched  skin  which  at  the 
nve  pale  ovoid  or  irregular  areas  is  greatly  thinned. 


sistant,  usually  irregular  mass,  in  the  earlier  stages  movable  with  the 
breast  tissue,  and  later  attached  to  the  skin  and  retromammary  struc- 
tures. The  mass  resists  incision,  may  creak  under  the  knife,  and  when 
cut  through  the  center  cups.  The  primarily  unicentric  lesion  by  lym- 
phatic extension— lymphatic  embolism  or  lymphatic  permeation — becomes 
multicentric,  giving  rise  to  outlying  nodules  and  involvement  of  the 
axillary  tymph-nodes.  Tuffier2  has  demonstrated  that  in  ulcerating 
cancel  outlying  nodules  may  be  produced  by  transcutaneous  infection 
of  hair  follicles.  Less  frequently  the  supraclavicular  lymph-nodes  and 
the  nodes  of  the  opposite  axilla  are  also  attacked.  The  histology  of 
t lese  tumors  is  described  on  p.  317.  Occasionally  the  fibrous  tissue 
ecomes  excessive,  contraction  occurs,  infiltration  progresses  slowly, 
u ceration  is  scanty  or  absent,  resulting  in  atrophic  scirrhus. 
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Encephaloid  carcinoma  of  the  breast  is  much  rarer  than  scirrhus. 
It  occurs  earlier,  grows  more  rapidly,  is  soft  and  brain-like,  and  quickly 
involves  the  lymph-nodes.  (For  description  see  p.  330.) 

Adenocarcinoma  of  the  mamma1  is  an  infrequent  tumor.  In  his 
first  paper  Halsted  states  that  he  had  observed  “five  or  six  in  less  than 
150  cases  of  breast  cancer.”  They  grow  fairly  rapidly  and,  after  per- 
forating the  skin,  unlike  most  breast  cancers,  manifest  a tendency  to 
form  fungoid  pedunculated  masses.  Sometimes  they  exude  a serous 
fluid.  Usually  adenocarcinoma  is  softer  than  other  breast  cancers. 
Glandular  enlargement  may  not  occur  even  when  removal  has  been 
followed  by  recurrence  in  the  wound.  The  tumor  is  made  up  of  large 
tubes  lined  with  epithelium  often  several  cells  deep.  Their  resemblance 
to  cylindric  cell  cancer  may  be  evident;  the  tendency  to  a tubular  arrange- 
ment of  the  cells  is  a most  striking  feature.  Adenocarcinoma  may 
undergo.,  transformation  into  the  more  frequent  forms  of  breast  cancer. 

Squamous-cell  epithelioma  (p.  321)  may  involve  the  skin  covering 
the  breast  or  more  frequently  the  nipple.  Morestin2  reports  a growth 


Fig.  490. — Carcinoma  op  the  Mamma;  Axial  Section  through  the  Nipple  in  Line  from  Sternum 

to  Axilla. 

The  depressed  nipple  occupies  the  summit  of  the  center  of  the  cancerous  area.  The  small  drawing  to  the 

left  shows  in  profile  the  cupping  of  the  incised  surface.  (Illustration  two-thirds  natural  size.) 

of  this  type  affecting  the  mammilla  with,  at  the  same  time,  a glandular 
cancer  of  the  deeper  mammary  structures. 

Colloid  carcinoma  (see  p.  331)  is  a rare  tumor  of  the  breast,  although 
gelatinoid  degeneration  of  scirrhus  and  encephaloid  is  occasionally 
observed.  Mucoid  cancer  is  an  exceedingly  rare  mammary  neoplasm. 

A chronic  eczematous  inflammation  of  the  nipple  and  areola  consti- 
tutes the  primary  manifestation  of  Paget’s  disease  of  the  breast.3  The 
lesion  is  now  regarded  as  primarily  a manifestation  of  cancer,  and  con- 
sequently has  been  called  malignant  papillary  dermatitis.  Adami  and 
Nicholls  call  it  squamous  epithelioma,  or  superficial  carcinoma  of  the 
skin.  Fabry  and  Trautmann  suggest  a possible  relationship  between 
Paget’s  disease  and  blastomycetic  dermatitis.  Jacobaeus  maintains 
that  the  carcinomatous  elements  present  in  the  lesion  are  not  the  progeny 
of  cutaneous  epithelium  but  are  derived  from  the  ducts  or  glandular 
carcinomatous  tissue.  Primarily  the  epithelial  layers  are  thickened, 

1 Halsted,  Trans.  Amer.  Surg.  Assoc.,  1898.  Stewart,  Amer.  Jour.  Med.  Sci., 
Sept.,  1903. 

2 Arch.  gen.  de  Med.,  April  21,  1903. 

3 Jacobaeus,  Virch.  Arch.,  Bd.  clxxviii,  1904,  p.  124.  Jackson,  Jour,  of  Cutane- 
ous and  Venereal  Diseases  including  Syphilis,  May,  1903,  p.  201.  Krognis,  Deut. 
Zeit.  f.  Chir.,  Bd.  73,  1904,  p.  165. 
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many  of  the  cells  becoming  vesicular  and  staining  imperfectly.  The  1 
derma  is  infiltrated,  particularly  by  lymphoid  and  plasma  cells,  and  later 
invasion  of  the  epithelium  becomes  evident.  Superficial  necrosis  gradu- 
ally extends,  destroying  the  mammilla  and  a slowly  widening  area  of  the 
adjacent  skin.  Finally  typical  cancer  results. 


Fig.  491.- — Adenocarcinoma  of  Mamma.  Microscopic  Appearance. 

(j Rodman.) 


Fibromata  of  the  mamma  are  usually  small,  dense,  generally  encap- 
sulated, often  nodular,  and  occasionally  multiple.  Fibrous-tissue  tumors 
possess  the  usual  histology  (see  p.  337)  of  fibromata  and  may  surround 
and  compress  ducts  without  extending  into  the  lumina;  this  form  is 
called  periductal  or  pericanalicular  fibroma.  In  other  cases  the  fibrous 
tissue  is  invaginated  within  the  ducts,  giving  rise  to  irregular  nodules 
covered  by  epithelium  and  occupying  the  canal,  constituting  intracanalic- 
ular  fibroma.  Most  fibromata  of  the  mamma  contain  gland  structure 
and  consequently  the  term  fibroadenoma1  is  frequently  applied.  The 
compound  word  probably  should  be  reserved  for  those  cases  in  which 
there  is  a definite  increase  in  the  gland  tissue,  but  this  is  often  difficult 
if  not  impossible  to  determine.  The  word  adenofibroma  is  frequently 

1 For  discussion  of  fibroepithelial  growths  see  Theile,  Arch.  f.  klin.  Chir., 
lxxxviii,  1908. 
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applied  to  any  fibrous  growth  containing  the  glandular  elements.  Brin 
and  Papin1  record  a fibroadenoma  involving  the  entire  mamma  and 
when  not  supported  reaching  to  the  thigh;  it  contained  calcareous  areas. 
With  the  exception  of  sarcoma  no  other  tumor  reaches  the  same  size. 
Dreydorff2  reported  a pendulous  fibroma  of  the  nipple. 

Lipoma  of  the  mamma  is  rare.  It  may  involve  the  retromammary 
fat,  the  fat  between  the  lobules  or  that  of  the  subcutaneous  tissue.  Mul- 
tiple lipomata  of  the  breast  may  make  the  organ  resemble  a bag  of  oranges; 
five  of  the  eighteen  reported3  cases  were  in  men.  Hoenigsberger4  re- 


Fig.  492. — Intracanalicular  Fibroma  op  Mamma.  Microscopic  Appearance.  (Warren.) 


ported  a bilateral  lipoma  weighing  35  pounds.  A diffuse  overgrowth 
of  the  perimammary  fat  is  occasionally  observed. 

Chondroma  of  the  mamma  is  exceedingly  rare;  the  tumors  are  usually 
small  and  possess  the  ordinary  characters  of  chondromata  (p.  334). 

Myxoma  of  the  mamma  is  soft,  sharply  circumscribed,  usually  solitary 
and  commonly  small,  although  I have  observed  one  such  tumor  20  cm.  in 
diameter.  They  are  infrequent. 

Angiomata’  and  lymphangiomata  of  the  breast  are  occasionally  ob- 
served. Angiomata  may  pulsate  and  sometimes  the  superficial  veins  are 
enlarged.  As  to  location  angiomata  may  be  mammillary,  paramammillary, 
subcutaneous,  or  glandular.  Less  than  fifteen  cases  are  on  record. 

1 Bull,  et  mem.  d.  1.  Soc.  anat.  de  Paris,  Feb.,  1902. 

2 Munch,  med.  Woch.,  March  21,  1906,  p.  557. 

3 Rev.  de  Chir.,  T.  xxiv,  No.  10,  1904. 

4 Munch,  med.  Woch.,  Jan.  31,  1905,  p.  222. 

6 Malapert  and  Moric.hau-Bcauchant,  Rev.  de  Chir.,  Feb.  10,  1904,  p.  200. 
Taddei,  Rif.  Med.,  Sept.  6,  1904. 
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Fig.  493— Sarcoma  of  the  Mammary  Gland;  Tumor  of  Several  Years’  Growth.  Patient  35  years 

of  age. 

A.  Nipple  that  appears  slightly  retracted;  this  appearance  is  not  due  to  a pulling-in  of  the  nipple  as  in 
carcinoma  but  results  from  the  forward  projection  of  the  skin  caused  by  the  enlarging  organ.  B. 
One  of  the  many  secondary  bosses  over  which  the  skin  is  thin  and  shining.  These  nodules  result  from 
the  polycentric  local  dissemination. 


Fig.  494.  Round-celled  Sarcoma  of  the  Mamma  which  had  Broken  Through  the  Skin  and 
uiven  Rise  to  Repeated  Hemorrhages.  {Stewart.) 
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Myoma  of  the  mamma  is  exceedingly  rare. 

Sarcoma  of  the  mamma  is  one  of  the  most  malignant  neoplasms  in- 
volving the  organ;  fortunately  it  is  rare;  not  over  two  or  three  per  cent, 
of  the  mammary  tumors  belong  to  this  class.  The  disease  may  occur  at 
any  age  and  in  the  young  is  much  more  frequent  than  cancer.  Most  of 
the  tumors  are  of  the  mixed-cell  variety,  although  spindle-cell  forms  are 
relatively  frequent.  That  form  of  spindle-cell  sarcoma  characterized 
by  the  long,  wavy  fibrils  and  clinically  known  as  recurring  fibroid  of 
the  breast  is  the  least  malignant  of  mammary  sarcomata.  With  regard 
to  their  relation  to  the  mammary  ducts,  pericanalicular  and  intracanal- 
icular  forms  of  sarcoma  may  be  recognized.  Angiosarcoma  and  endo- 


Fig.  495. — Mamma.  Endothelioma. 

In  the  upper  right  quadrant  is  the  margin  of  a mammary  duct. 


thelioma  of  the  breast  are  exceedingly  rare;  I have  seen  one  specimen  of 
each.  St.  Arnold1  records  an  instance  of  osteo-chondro-sarcoma  which 
he  attributes  to  misplaced  genetic  cells  from  the  sternal  end  of  the  clavicle. 

Cysts  of  the  mamma,  aside  from  those  occurring  in  chronic  inflam- 
matory fibrous  conditions  described  on  p.  1000  and  in  neoplasms,  are 
infrequent.  Galactocele  occurs  in  lactating  mammae  and  is  rare;  although 
occasionally  preceding  labor,  it  is  most  frequent  after  confinement  or 
weaning.  A few  cases  have  been  reported  in  women  who  have  never 
been  pregnant.  It  partakes  of  the  nature  of  a retention  cyst  and 
may  suppurate.  Galactoceles  are  usually  ovoidal  and  rarely  contain  more 
than  a few  ounces  of  fluid. 

Dermoid  cysts  of  the  mammae  are  occasionally  observed.  LeConte2 
collected  thirty-three  cases  of  hydatid  disease  of  the  breast. 

1 Virch.  Arch.,  Bd.  cxlviii,  1897. 

2 Amer.  Jour.  Med.  Sci.,  Sept.  1901. 
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CHAPTER  I. 

POSTMORTEM  EXAMINATIONS.1 

I.  INSTRUMENTS  NEEDED. 

A postmortem  may  be  made  with  a very  few  instruments;  those  supplied  in  an 
ordinary  dissecting,  case  will  suffice  for  the  examination  unless  the  central  nervous 
system  is  to  be  removed,  in  which  case  a saw  will  be  found  necessary.  Scarcity  of 
instruments  is  rarely  a justifiable  excuse  for  failure  to  avail  one’s  self  of  an  oppor- 
tunity to  hold  a postmortem.  A most  thorough  examination  may  be  made  with  a 
knife  such  as  is  ordinarily  used  by  butchers,  a saw,  and  a carpenter’s  hammer  and 
chisel. 

The  instruments  and  appliances  given  in  the  following  list  may  be  procured  by 
those  who  contemplate  making  postmortems,  the  extent  of  their  purchase  being 
largely  a matter  of  taste  and  available  money.  The  instruments  marked  by  an  as- 
terisk are  considered  indispensable,  the  others  being  conveniences  to  facilitate  or 
lessen  the  labor: 

* One  Virchow  postmortem  knife. 

* Two  strong  scalpels. 

* Two  small  scalpels;  one  probe-pointed. 


Fig.  496. — Complete  Postmortem  Case. 

It  is  convenient  to  have  a leather  covering  for  the  case. 

One  costotome,  or,  when  this  cannot  be  obtained,  a cartilage  knife  or  a saw  may 
be  substituted. 

* At  least  two  dissecting  forceps:  one  with  corrugated  blades  and  one  with  rat- 
toothed blades.  A number  of  such  instruments  will  be  found  useful. 

* One  pair  of  scissors:  one  blade  sharp  and  one  probe-pointed. 

One  enterotome,  or,  when  this  is  not  available,  a small  cork  or  piece  of  wood 
may  be  pushed  over  the  tip  of  the  sharper  pointed  blade  of  the  ordinary  scissors. 

Two  long  probes:  one  should  have  an  eye  and  one  should  be  quite  slender;  the 
latter  is  convenient  for  tracing  ducts.  An  instrument  to  be  commended  is  a com- 
bined grooved  director  and  probe.  For  the  examination  of  sinuses  and  whenever 
it  can  be  employed,  there  is  no  instrument  that  can  be  used  to  better  advantage  than 
the  trained  finger. 

1 The  student  wishing  to  add  to  the  following  epitome  of  postmortem  technic  should  consult  La 
Pratique  des  Autopsies,  by  Letulle-  Manuel  thdorique  et  pratique  des  autopsies,  by  Zilgien;  Patholo- 
gisch-anatomische  Diagnostick,  by  Orth;  Sections-Technik,  by  Nauwerck;  Postmortem  Pathology;  by 
Cattell;  Pathological  Technique,  by  Mallory,  and  Wright,  and  Postmortem  Manual;  a Handbook  of 
Morbid  Anatomy  and  Postmortem  Technique,”  by  Box. 
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* One  saw  with  a well-bellied  cutting-edge. 

* One  grooved  director. 

* Two  large  postmortem  needles. 

* Two  spools  of  flax  thread:  one  white,  one  black. 

* One  mallet;  the  rawhide  mallet  has  the  advantage  of  making  but  little  noise 
when  used  on  the  chisel.  The  steel  hammer  ordinarily  supplied  with  postmortem 
cases  has  a blunt  hook  on  the  handle,  which  is  useful  for  removing  the  calvaria,  and 
occasionally  for  other  purposes.  The  objectionable  noise  made  by  pounding  on  a 
metallic  chisel  may  be  overcome,  at  least  partly,  by  covering  the  chisel  with  a folded 
towel. 

One  chisel.  Of  the  various  forms  of  chisels  recommended,  the  lowest  one  in  fig-  j 
ure  517  will  be  found  most  useful.  Some  of  the  forms  of  hatchet-chisel,  however, 
will  be  occasionally  used. 

A brass  or  German-silver  ruler,  graduated  in  inches  and  in  centimeters,  will  be 
found  useful.  Such  a ruler  should  be  at  least  20  cm.  in  length,  and  the  graduation 
throughout  should  be  in  tenths;  a finer  graduation  on  instruments  of  this  kind  can 
rarely  be  read  at  the  postmortem  table.  As  a result  of  attempts  to  reduce  the 
number  of  instruments  contained  m the  postmortem  case,  the  writer  has  had  the 
long,  thin-bladed  brain  knife,  shown  in  figure  509,  graduated  along  its  back.  As  the 
instrument  is  useful  for  incising  organs,  the  graduation  is  convenient  and  always 
at  hand. 

A double  rachiotome  is  a very  useful  instrument,  but  is  not,  however,  convenient 
for  carrying  to  private  postmortems. 

A strong  bone  forceps  will  occasionally  be  needed. 

Measures  of  Capacity. — Small  graduates  measuring  from  0.1  c.c.  to  50  c.c.  are 
occasionally  needed.  Larger  measures  should  be  at  hand.  Any  agateware  or  tin 
vessel  (the  former  is  preferable)  may  be  standardized  by  a smaller  graduate,  and 
being  very  much  less  fragile  and  less  expensive,  is  therefore  to  be  preferred. 

A syringe  for  sucking  up  fluid  from  the  bottom  of  cavities  not  easily  accessible 
is  a convenience. 

Postmortem  Room. — In  well-appointed  hospitals,  morgues,  etc.,  a room  is  usually 
set  apart  for  postmortems.  This  room  should  be  well  lighted  and  capable  of  thor- 
ough ventilation.  The  floor  should  be  of  impermeable  concrete,  the  walls  tiled  or 
built  of  enameled  brick,  or,  in  the  absence  of  these,  covered  by  lusterless  white  en- 
amel paint.  A capacious  postmortem  table  should  be  so  placed  in  the  room  as  to 
be  well  lighted  and  accessible  on  all  sides.  The  size  of  the  table  is  often  a matter  of 
individual  preference.  The  table  preferred  by  the  writer  is  three  feet  wide,  six  feet 
long,  substantially  constructed,  soap-stone  or  slate  covered,  the  covering  slightly 
raised  at  the  edges  of  the  table,  and  the  top  gently  sloping  toward  a large  grate-cov- 
ered drain  in  the  center.  This  drain,  thoroughly  trapped,  may  be  directly  connected 
with  the  sewage  pipes,  and  may  be  so  attached  to  the  ventilation  system  as  to  secure 
a strong  descending  draft,  thus  drawing  downward  all  odors  which  wotild  otherwise 
rise  and  permeate  the  room.  For  convenience  in  measurements  a centimeter  and 
inch  scale  may  be  ruled  upon  the  edge  of  the  table. 

Although  never  to  be  used  when  it  can  be  avoided,  an  abundance  of  artificial 
light  should  be  at  command.  The  best  artificial  light  for  the  postmortem  room  is 
afforded  by  Welsbach  burners  with  porcelain  reflector  and  shade,  tungsten  fila- 
ments or  Nernst  incandescent  electric  lamps;  thirty-two  candle-power  incandescent 
lamps  with  thoroughly  frosted  globes  are  objectionable  substitutes  for  natural  light. 
Most  forms  of  artificial  light  modify  the  color  of  organs,  often  affording  misleading 
pictures,  especially  to  the  uninitiated. 

Water-supply. — Suspended  just  above  the  autopsy  table  and  coming  down  to 
within  an  inch  or  so  of  the  table  should  be  a rubber  hose  connected  with  proper 
metallic  fixtures,  including  a mixing  device,  by  means  of  which  hot  and  cold  water 
can  be  mixed  and  delivered  through  the  rubber  tube  at  any  temperature  desired. 

By  permitting  the  rubber  tube  to  project  practically  to  the  table  the  end  can  be  kept 
in  a pan,  thus  affording  a small  reservoir  of  constantly  clean  water.  The  flexible 
rubber  hose  affords  facilities  for  washing  the  table  and  cleaning  the  instruments  and 
appliances. 

A capacious  sink  in  some  part  of  the  room  is  desirable;  into  this  should  drain  a 
slate  dripping-slab  60  cm.  wide  and  2 meters  long. 

Two  scales  should  be  at  command — one  for  weighing  from  a fraction  of  a gram 
to  10  or  20  gm.,  the  other  for  heavier  masses.  Although  rarely  at  hand,  a scale  for 
weighing  bodies  is  desirable.  Scales  for  weighing  organs  and  tissues  should  have 
large  brass  pans  that  can  be  readily  cleaned. 

A head  block  1 2 inches  long  and  6 inches  square,  with  a notched  depression  near 
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the  center  for  receiving  the  neck,  will  be  found  useful  in  supporting  the  head,  and 
Similar  blocks  may  be  used  for  arching  the  body  during  the  examination  of  the  spine 
and  the  removal  of  the  cord. 

dur^easectionr^S’  ^ 6°  Cm’’  ^ ^ound  serviceable  for  supporting  organs 

A vise  will  be  occasionally  needed.  • 

Of  the  various  forms  of  head  holders  in  the  market  the  writer  has  never  felt 
that  any  was  better  than  the  hand.  The  holder  devised  by  Stroud1  appears  prac- 
ticable, but  I have  never  used  it. 

Every  well-equipped  postmortem  room  should  be  provided  with  a book  for 
recording  the  data  obtained.  This  book  is  usually  made  up  of  printed  sheets 
having  a heading  arranged  according  to  some  definite  form  which  has  been  adopted 
by  the  pathologist.  Such  headings  are  useful  in  making  it  reasonably  certain  that 
no  matter  who  makes  The  postmortem,  the  customary  routine  will  be  followed.  The 
volume  should  not  contain  a very  large  number  of  pages,  certainly  not  over  four  or 
ve  lundred  as  a large  number  makes  it  too  bulky  for  convenient  handling;  nor 
s louid  the  sheets  be  too  large.  In  the  book  to  which  the  writer  is  accustomed  the 
page  is  40  cm.  long  by  28  cm.  wide;  upon  alternate  pages  the  form  given  at  the 
foot  of  this  page  is  printed.  At  the  time  the  book  is  printed  it  is  well  to  obtain 
wo  or  three  hundred  unbound  sheets  for  use  at  post-mortems  made  outside  the 
institution. 


II.  PRELIMINARY  DATA. 

Before  beginning  the  postmortem  it  is  desirable  to  know  and  record  the  name' 

age;ueSidence’  5r’,  m hosPltal  cases>  the  ward  and  bed;  sex;  color;  date  and  hour  of 
death,  date  and  hour  of  postmortem;  methods  of  preservation  if  any  have  been 
used,  the  clinical  diagnosis;  the  name  and  residence  of  the  physician,  if  any  who 
last  attended  the  case,  and,  if  possible,  his  presence  should  be  had  at  the  ’post- 
mortem. r 

In  medicolegal  cases  the  body  should  be  identified.  If  the  time  at  which  death 
took  place  is  not  known,  it  may  be  approximated  by  the  postmortem  evidences. 

III.  THE  POSTMORTEM. 

In  ojder  that  the  record  of  a postmortem  may  be  perfect,  it  is  absolutely  neces- 
sary to  iollow  a definite  method  in  each  case.  If  circumstances  demand  a variation 


APPROVED  FORM  OF  POSTMORTEM  BLANK. 
[Name  of  Institution.] 

POSTMORTEM. 


Ward 

Name,  Age,  and  Sex  of  Patient 

Physican  or  Surgeon 

Resident  Physician 

Date  and  Hour  of  Death 


Register  No 

Color 

Residence 

Birthplace 

Date  and  Hour  of  Postmortem 


Clinical 

Diagnosis. 


Pathologic 

Diagnosis. 


M hen  possible,  it  is  desirable  that  the  following  order  of  examination  and  recording  the 


shall  be  followed: 


I.  External  examination: 
Evidence  of  injury. 

II.  Internal  examination. 

1.  Abdominal  Wall. 

2.  Peritoneum. 

3.  Pleune. 

4.  Pericardium. 

5.  Heart. 

6.  Lungs. 

7.  Larynx:  Trachea;  Bronchi.' 


General  nutrition. 

8.  Thymus;  Thyroid. 

9.  Spleen. 

10.  Adrenals  and  Kidneys. 

1 1 . Bladder  and  Internal  and  Ex- 

ternal Genitals. 

12.  Stomach  and  Duodenum. 

13.  Liver. 


postmortem 


Ante-  or  postmortem  marks,  etc. 

14.  Pancreas. 

1 5 . Intestines. 

16.  Esophagus. 

17.  Vena  Cava  and  Aorta. 

18.  Head. 

19.  Spinal  Cord. 

20.  Miscellaneous. 


1Med.  News,  Dec.  9,  1905,  p.  1125. 
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from  this  routine  method,  the  reason  for  varying  should  constitute  a part  of  the  record. 
The  following  presents  nothing  original,  and  is  the  method  adopted  by  the  writer: 

(A)  The  Date  and  Hour  of  the  Postmortem. 

(B)  External  Examination  of  the  Body. 

(a)  Is  the  body  dead ? The  following  observations  should  be  made  and  recorded 
as  ayiart  of  the  postmortem  notes,  as  they  cover  not  only  the  signs  of  death,  but  con- 
stitute a part  of  the  evidence  of  diseased  conditions:  (i)  Examine  for  evidence 
of  respiration  and  circulation.  (2)  Look  for  opacity  of  the  cornea,  loss  of  sensibility 
in  the  conjunctiva,  pupillary  reaction,  which  may,  in  doubtful  cases,  be  tested  by 
atropin  or  eserin;  if  the  eyes  are  sunken,  with  wrinkled  tunics,  the  evidence  is  clear. 
(3)  Pallor  of  the  body  may  or  may  not  be  present,  and,  while  valuable  as  a sign  of 
death,  it  may  be  found  in  the  living  during  swooning,  the  algid  state  of  ague,  col- 
lapse, etc.  (4)  Cooling  of  the  body  to  the  temperature  of  the  surrounding  medium 
{algor  mortis ) occurs  in  from  fifteen  to  twenty-four  hours.  The  bodies  of  children 
and  old  and  lean  bodies  cool  quite  rapidly,  while  bodies  of  fat,  young,  and  middle- 
aged  individuals  retain  the  heat  much  longer.  The  bodies  of  persons  dying  from 
suffocation,  electricity,  tetanus,  and  yellow  fever  very  slowly  yield  their  heat. 
(5)  Cadaveric  rigidity,  or  rigor  mortis,  occurs  at  a varying  interval  after  death.  It 
may  become  manifest  but  a few  minutes  after  death,  or  it  may  be  delayed  eighteen 
or  twenty  hours;  usually,  it  develops  simultaneously  with  the  loss  of  body  heat. 
The  duration  of  rigor  mortis  is  extremely  variable,  lasting  in  some  instances  but  a 
few  moments;  in  other  cases,  hours,  days,  or  even  weeks.  (6)  Cadaveric  lividity 
(the  cadaveric  blotches  called  livores  mortis)  and  suggillation  are  terms  applied  to 
the  livid  or  violet -colored  discoloration  which  is  seen  usually  several  hours  after 
death.  It  becomes  apparent  in  the  most  dependent  portion  of  the  body,  and  is  the 
result  of  blood  gravitating  into  the  capillaries.  (7)  Putrefaction  is  an  indubitable 
sign  of  death.  The  time  at  which  it  becomes  manifest  varies  greatly,  and  is  depen- 
dent upon  the  condition  of  the  body,  the  surrounding  media,  and  the  cause  of  death. 
(8)  Experimentally,  we  may  infer  that  the  body  before  us  is  dead  by  injecting 
ammonia  water  under  the  skin;  in  death  such  a procedure  leaves  no  mark,  but  in 
simulated  death  it  occasions  a deep  red  or  purple  spot.  A dead  body  cannot  be 
blistered.  Brissemoret  and  Ambard  state  that  acidity  of  the  tissues  is  an  indub- 
itable sign  of  death.  Icard1  suggests  the  subcutaneous  injection  of  0.5  gm.  of  fluor- 
escin  which,  if  life  be  present,  rapidly  stains  the  skin,  eyes,  mouth,  urine,  and  saliva. 
According  to  this  author  the  most  certain  sign  of  death  is  the  evolution  of  sul- 
phuretted hydrogen.  The  gas  escapes  from  the  nostrils  and  may  be  demonstrated 
by  covering  the  nasal  outlet  by  a cloth  moistened  with  a solution  of  neutral  acetate 
of  lead  which  is  rapidly  blackened  in  summer  and  in  winter  much  more  slowly.  The 
iodids  may  be  similarly  used  and  the  saliva  or  urine  examined  for  iodin. 

(b)  General  Considerations. — The  amount  of  adipose  tissue,  the  muscular  devel- 
opment, and  the  nutrition  of  the  body  should  be  carefully  noted,  and  the  record 
completed  or  verified  as  the  internal  examination  proceeds.  In  case  the  body  has 
not  been  identified  an  elaborate  description  should  be  made  for  the  purpose  of  fur- 
ther identification  : the  height,  weight,  measurement  of  chest,  limbs,  hands,  and  feet, 
color  of  eyes  and  hair  should  be  noted,  and  of  the  last  some  should  be  preserved. 
A careful  survey  of  the  mouth  as  to  dental  peculiarities,  absence  of  teeth,  filled  or 
irregular  teeth,  or,  better,  a dental  impression  taken  in  wax  or  plaster,  should  be 
made.  If  false  teeth  are  present,  they  should  be  removed  as  possible  aids  to  future 
identification.  Abnormalities,  malformations,  marks  of  any  kind,  should  be  noted, 
and,  when  possible,  a photograph  of  the  nude  bodv  should  be  obtained.  Such  data 
may,  with  perfect  propriety,  constitute  a part  of  any  postmortem  record ; indeed, 
they  are  desirable  although  rarely  incorporated  in  the  protocol.  Except  in  the  cases 
mentioned  they  might  have  little  value  in  any  given  postmortem,  but  in  the  com- 
pilation of  important  data  based  of  necessity  on  a large  number  of  cases — e.  g.,  the 
size  and  weight  of  organs  as  compared  with  the  height  and  weight  of  the  individual 
— such  records  would  become  invaluable. 

(c)  Evidence  of  V lolence  or  Disease. — Ecchymoses  should  be  carefully  described 
as  to  size,,  shape,  and  position.  This  form  of  discoloration  may  be  distinguished 
from  suggillation  in  that  it  does  not  disappear  on  pressure,  and  if  an  incision  be 
made  into  it,  bloody  fluid  usually  escapes,  or  a clot  may  be  discovered  in  the  sub- 
cutaneous tissue.  All  abrasions,  eruptions,  bed-sores,  ulcers,  cicatrices,  wounds, 
edema,  pigmentations  in  the  skin  and  mucous  membranes,  must  be  accurately  de- 
scribed, and  their  positions  carefully  recorded.  Fractures  and  dislocations  must 
be  closely  observed,  and  their  character  and  the  parts  involved  described.  The 
external  orifices  of  the  body  should  be  examined,  and  their  condition  and  con- 

1 Le  Signe  de  la  mort,  1907. 
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tents  noted — e.  g.,  mouth  and  nose  for  foreign  bodies,  evidences  of  corrosive  poison- 
ing, etc.;  in  the  female,  the  breasts,  abdomen,  and  external  genitals  should  be  ex- 
amined for  evidences  of  disease,  violence,  or  physiologic  processes,  such  as  menstrua- 
tion, recent  delivery,  or  evidences  of  past  gestation,  as  shown  by  the  mammae,  ab- 
domen (linea  albicantes),  or  external  genitals;  in  the  male  look  for  evidence  of  mal- 
formation of  the  sexual  organs  or  venereal  disease,  also  seminal  stains.  Examine 
the  anus  for  fissures,  inflammation,  fistulae,  morbid  growths,  cicatrices,  etc.  Exam- 
ine the  hernial  outlets  for  evidences  of  rupture. 


Fig<  497. — Modified  Virchow  Postmortem  Knife. 
Twenty-four  centimeters  long,  of  which  9.5  cm.  is  cutting-edge. 


If  the  body  is  that  of  an  infant,  examine  the  fontanels  and  sutures,  and  note  the 
various  diameters  of  the  skull.  Measure  the  body  and  examine  the  umbilical  cord. 
In  the  male  the  scrotum  should  be  examined  to  determine  if  the  testicles  have  de- 
scended; note,  also,  the  presence  or  absence  of  vernix  caseosa.  Carefully  examine 
the  epiphyses,  and  especially  that  of  the  lower  extremity  of  the  femur. 

(C)  Internal  Examination  of  the  Body. 

A large  Virchow  knife  is  used  for  most  of  the  incisions;  it  is  grasped  firmly  in 
the  hand  by  the  thumb,  middle,  ring-,  and  little  fingers,  while  the  index-finger  rests 
upon,  or  at  the  side  of,  the  blade.  Cuts  are  made  with  a drawing  movement,  the 
shoulder-  and  elbow-joints  acting  as  centers,  the  wrist  and  fingers  rigid.  Pushing 
the  knife  through  a tissue  or  organ,  as  one  would  a chisel,  is  to  be  avoided,  and  equally 
objectionable  are  sawing,  and  hacking.  In  ordinary  dissection  a scalpel  is  held 
like  a pen,  motion  being  at  the  joints  of  the  fingers  and  wrist — a process  entirely 
too  tiresome  and  slow  for  postmortem  work  except  when  very  delicate  dissections 
are  to  be  made. 


Fig.  498. — Median  Incision,  showing  Method  of  Opening  the  Abdominal  Cavity.  ( Letulle .) 
Ordinarily  it  is  not  possible  to  extend  the  incision  to  the  chin,  in  which  case  it  does  not  go  beyond  the 

interclavicular  notch. 

The  body  rests  firmly  upon  the  back,  and  the  operator,  if  right-handed,  stands 
to  the  right  of  the  cadaver.  To  expose  the  abdominal  and  thoracic  cavities,  an 
incision  should  be  carried  from  the  lower  border  of  the  thyroid  cartilage,  or  from 
the  interclavicular  notch,  to  the  symphysis  pubis,  making  a sharp  semicircular  turn 
to  the  left  at  the  umbilicus  in  order  to  avoid  injury  to  the  remains  of  fetal  organs  at 
that  point.  The  point  in  the  neck  at  which  to  begin  the  incision  will  be  determined 
by  circumstances  over  which  the  operator  commonly  has  no  control.  If  he  can 
select  the  starting-point  of  his  incision,  he  will  ordinarily  begin  just  under  the  chin, 
or  may  even  make  a Y-shaped  cut  extending  to  the  angle  of  the  jaw  on  either  side; 
this  permits  a most  careful  examination  of  the  floor  of  the  mouth,  pharynx,  larynx, 
and  adjacent  structures.  So  extensive  a dissection  is  rarely  permissible;  in  most 
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instances  the  loosened  skin  can  be  retracted  upward  is  such  a manner  as  to  permit 
the  removal  of  the  tongue  when  the  vertical  incision  does  not  rise  above  the  level  of 
the  thyroid  cartilage.  *"  Still,  as  before  stated,  circumstances,  more  commonly  than 
any  arbitrary  rule,  will  settle  this  point. 

Over  the  abdomen,  the  first  incision  should  pass  through  the  skin  and  subcu- 
taneous tissue;  then  carefully  cut  through  the  abdominal  wall  immediately  below  the 
ensiform  cartilage;  insert  two  fingers  of  the  left  hand,  drawing  the  abdominal  wall 
upward;  continue  the  incision,  the  fingers  being  used  as  a guide  to  the  knife.  A 
most  excellent  rule,  never  to  be  forgotten  by  the  beginner,  is  to  always  keep  the 


Fig.  499. — The  Sternum,  Costal  Cartilages,  and  Articulation  of  the  Clavicle,  as  Exposed  after 
Turning  Back  the  Soft  Parts.  {Modified  from  Virchow.) 

On  the  left  is  shown  the  line  of  incisions  made  through  the  cartilages  from  below  upward,  if  a costotome 
is  used;  from  above  downward,  if  a knife  or  saw  is  employed;  and  also  the  incision  necessary  for  disar- 
ticulating the  clavicle.  _ When  it  is  not  desirable  to  disarticulate  the  clavicle,  the  manubrium  is 
separated  from  the  gladiolus  at  point  A,  the  incision  being  made  from  behind. 


point  of  the  knife  in  view,  or,  if  this  rs  not  possible,  it  should  be  guarded.  If  the 
novice  makes  it  a rule  never  to  cut  anything  until  he  has  identified  it  and  determined 
what  are  its  relations,  using  touch  possibly  more  than  sight  to  establish  these  facts, 
he  will  often  be  astonished  at  the  dexterity  which  he  quickly  acquires  and  the 
rapidity  with  which  his  senses  become  trained  to  recognize  the  tissues  before  him. 
Note  the  amount  and  color  of  the  subcutaneous  fat  in  the  abdominal  wall,  its  con- 
sistency, and  the  presence  or  absence  of  edema.  Examine  the  muscles  for  pallor, 
hyalin  spots,  degenerative  changes  (such  as  occur  in  typhoid  fever),  and  small 


POSTMORTEM  EXAMINATIONS. 


IOI9 


\\hite  o\  oid  bodies,  encysted  trichinae.  Dissect  the  tissue  from  the  chest-walls  as 
tar  back  as  the  junction  of  the  costal  cartilages  with  the  ribs;  then  make  strong 
raction  on  the  abdominal  walls  to  break  up  the  rigor  mortis.  After  breaking  up  the 
rigor  mortis  the  muscles  can  be  further  incised,  ana  examined  for  evidences  of  bruises, 
study1111^1011’  an^  suPPura^on>  and  suspicious  portions  removed  for  microscopic 

In  the  Pans  Morgue1  the  incision  used  begins  immediately  beneath  the  chin, 
passes  oyer  the  larynx  and  trachea,  sweeps  across  nearly  to  the  left  anterior  axillary 
me  which  is  followed  to  the  crest  of  the  pelvis,  is  carried  along  the  upper  anterior 
? vv16  Pf,lvis  to  the  right  anterior  axillary  line,  thence  to  the  anterior  margin 
o e rig  it  axilla,  and  finally  to  the  starting-point.  In  the  presence  of  special  con- 
ditions such  an  incision  might  be  advantageous. 

Abdominal  Cavity.  First  note  the  relative  position  and  color  of  the  liver, 
stomach,  and  intestines ; and  also  the  relations  of  the  viscera  to  the  costal  and  ensi- 
torm  cartilages.  The  examination  of  the  cavity  is  not  of  the  organs  individually, 
u of  their  relation  to  one  another  and  to  the  walls;  also  examine  the  serous  mem- 
brane—the  peritoneum.  A careful  search  should  be  made  for  adhesions  and  other 
evidences  of  inflammation,  recent  or  old,  and  for  thickening  and  opacity  of  the  ser- 
ous  membrane.  The  amount  and  character  of  any  fluid  in  the  cavitg  must  be  noted 
and  it  m excess  or  otherwise  abnormal,  the  source  or  cause  of  the  morbid  condition 
must  be  sought.  The  color  of  the  liver  should  be  observed  before  those  changes 
incident  to  the  oxidation  of  the  blood  occur.  Search  carefully  for  perforations  of 


Fig.  500. — Costotome. 


the  bowel,  stomach,  bladder,  or  gall-bladder.  Note  accurately  the  position  of  the 
diaphragm : ordinarily,  on  the  right  side  it  ascends  as  high  as  the  fourth  rib  or  inter- 
space; and  on  the  left,  to  the  fifth  rib.  Remove  any  fluid  present  in  the  cavitv 
before  opening  the  thorax,  otherwise  fluids  in  the  abdomen  flow  into  the  thoracic 
cavity  and  thereby  complicate  the  examination. 

In  infants  the  umbilicus  must  be  examined  carefully;  the  attached  cord  or  part 
of  the  cord  and  the  fetal  vessels  should  be  closely  inspected  and  fully  described-  so 
far  as  possible,  the  vessels  should  be  examined  for  evidences  of  infection  throm- 
bosis, and  obliteration. 

Thoracic  Cavity. — In  the  new-born  when  it  is  important  to  determine  if  res- 
piration had  been  established  or  if  air  had  entered  the  lung  it  is  well  to  ligate  the 
trachea  as  soon  as  the  first  incision  is  made  and  before  opening  the  abdominal  cav- 
Ay;  such  precaution  prevents  air  from  being  drawn  into  the  lungs  by  traction  on 
the  diaphragm  or  raising  the  breastplate.  With  a heavy  knife,  or  costotome  (or  in 
the  absence  of  the  latter,  when  the  cartilages  are  calcareous,  a saw  mav  be  used) 
sever  the  costal  cartilages  close  to  the  ribs,  care  being  exercised  not  to  injure  the  tis- 

SueSijtneathb  If  the  costotome  is  used>  the  blade  inserted  beneath  the  cartilage 
should  be  made  to  hug  that  structure  closely;  if  a knife  or  saw  takes  the  place  of  the 
costotome,  the  incision  through  the  cartilages  should  begin  above,  and  before  one 
cartilage  is  completely  severed,  the  blade  or  shank  of  the  instrument  should  be  made 
to  rest  on  the  next  cartilage,  thus  preventing  sudden  thrusts  which  may  wound 
underlying  structures.  When  the  last  cartilage  is  reached,  it  should  be  gentlv  raised 
by  the  unoccupied  hand,  at  the  same  time  depressing  the  underiving  structure 
thereby  avoiding  the  danger  of  wounding  the  latter. 

Divide  the  attachment  of  the  diaphragm,  raise  the  sternum,  and  dissect  off  the 
1 Paris  letter  in  the  Boston  Medical  and  Surgical  Journal,  May  19,  1898,  p.  482. 
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attached  tissue,  taking  care  to  direct  the  edge  of  the  knife  toward  the  bone  in  order 
to  avoid  injury  to  the  pericardium  or  other  intrathoracic  tissues.  Cut  the  liga- 
ments binding  the  clavicle  to  the  sternum,  divide  the  sternal  attachment  of  the  ster- 
nocleidomastoid muscle,  and  pull  the  breastplate  to  one  side.  In  a cadaver  in 
which  the  section  of  the  thorax  has  been  made  as  just  directed,  the  shoulders,  hav- 
ing lost  the  support  of  the  clavicle  through  their  sternal  attachment,  collapse  to- 
gether, making  the  chest  appear  very  much  distorted.  To  avoid  this,  in  cases  where 
the  body  is  to  be  viewed,  the  manubrium  and  gladiolus  may  be  disjointed  by  draw- 
ing the  edge  of  the  knife  across  the  under  surface  of  the  articulation  of  the  manu- 
brium and  gladiolus  (see  Fig.  499,  p.  1018)  and  raising  the  lower  segment  of  the  ster- 
num. Del  Valle,1  after  incising  and  reflecting  the  soft  parts  in  the  usual  manner, 
disarticulates  the  sternum  from  the  clavicles,  severs  the  first  to  and  including  the 
fifth  costal  cartilages  and  divides  the  sternum  at  this  level;  the  method  does  not 
involve  any  injury  to  the  diaphragm,  consequently  its  relations  may  be  better  pre- 
served and  fluids  in  the  thorax  prevented  from  flowing  into  the  abdomen.  After 
fulfilling  its  purposes  the  remainder  of  the  sternum  and  attached  costal  cartilages 
are  excised  to  the  usual  extent. 


Fig.  soi. — Saw. 

A large  firm  handle  is  wanted,  with  good  pistol  grip. 


Examine  the  pleurae  for  evidences  of  inflammation,  either  remote  or  recent;  note 
presence  or  absence  of  fluid,  also  its  quantity  and  character,  as  in  the  peritoneum. 
Fluid  in  each  pleura  should  be  removed,  so  as  to  prevent  its  flowing  into  the  peri- 
cardium; or,  in  case  the  pericardium  contains  much  fluid  and  any  escape  into  the 
pleura,  its  quantity  may  be  accurately  estimated.  The  fluid  in  each  cavity  should 
be  measured,  and  the  quantity  made  a part  of  the  record.  Adhesions  should  be 
looked  for  and  described.  The  mediastinal  tissues,  the  relation  of  cysts,  new 
growths,  and  aneurysms  to  adjacent  viscera,  and  also  the  thymus  may  now  be  inves- 
tigated. The  last-named  structure  atrophies  in  childhood,  but  in  infancy  is  an  organ 
that  should  always  be  examined.  The  pericardium  should  now  be  opened  by  an 
incision  extending  from  base  to  apex  in  a line  parallel  to  the  long  axis  of  the  heart. 
In  opening  the  pericardium  the  writer  has  seen  the  heart  injured  so  often  that  he 
desires  to  insert  a word  of  caution  and  give  a little  more  detailed  method  for  prevent- 
ing this  accident.  The  pericardium  is  picked  up  in  a fold  either  by  the  index-  and 
fore-finger  of  the  left  hand  or  by  the  use  of  “rat-toothed”  forceps;  by  gentle  traction 
this  fold  of  the  pericardium  can  be  raised  to  a distance  of  2.5  cm.  The  back  of  the 
knife  is  now  placed  against  the  heart  and  the  fold,  made  as  previously  directed, 
is  transfixed  and  the  opening  completed  by  cutting  from  within  outward.  A sim- 
ilar incision  has  long  been  recommended  by  surgeons  while  operating  upon  hernia 
where  wounding  the  underlying  tissue  may  be  attended  by  calamitous  consequences, 
and  if  applied  to  the  pericardium  wounding  of  the  heart  may  be  entirely  avoided. 
From  this  opening,  which  is  2 or  3 cm.  in  length,  the  pericardial  incision  in  the  long 
axis  of  the  heart,  as  previously  directed,  may  be  readily  made.  Transverse  incisions 
are  rarely,  if  ever,  demanded;  the  writer  does  not  recall  an  instance  in  which  he  has 
needed  a larger  incision  than  that  afforded  by  an  opening  extending  from  apex  to 
base.  Examine  the  layers  of  the  pericardium  for  evidences  of  inflammation,  and 
look  carefully  for  adhesions,  particularly  about  the  great  blood-vessels.  Measure 
the  pericardial  fluid  and  note  its  character. 

The  Heart. — -Note  the  condition  of  contraction  or  relaxation  of  the  heart’s  wall; 
open  the  heart  in  situ;  raise  the  organ  by  its  apex,  pass  the  fingers  of  the  left  hand 
under  the  organ,  and  so  grasp  it  that  the  thumb  and  first  finger  press  upon  and  close 
the  auriculoventricular  orifice  of  the  right  side,  and  then  make  an  incision  into  the 
auricle  between  the  venae  cavae.  Examine  and  note  character  of  contents;  without 
relaxing  the  grasp  on  the  auriculoventricular  orifice,  open  the  right  ventricle  by  an 
incision  in  line  with  the  pulmonary  artery  and  close  to  the  ventricular  septum;  insert 
the  index-finger  of  the  right  hand  and  examine  the  contents.  The  left  heart  is  opened 

1 Semana  Med.,  April  15,  1909. 
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by  grasping  it  as  in  opening  the  right.  The  auricle  is  incised  near  the  appendix 
and  immediately  above  the  auriculo ventricular  septum,  and  its  contents  are  noted. 
The  left  ventricle  is  opened  by  an  incision  almost  parallel  to  the  opening  made  in  the 
right  ventricle,  but  on  the  opposite  side  of  the  septum,  and  the  incision  is  directed 
toward  the  aorta.  The  presence  or  absence  of  blood  or  clots  in  the  left  ventricle  must 
be  carefully  noted.  Examine  the  great  vessels  as  to  abnormality,  aneurysm,  or 
other  disease  discernible  externally;  gross  lesions  involving  the  large  vessel  trunks, 
congenital  defects,  and  the  presence  of  thrombi  or  emboli  had  best  be  determined 
before  the  heart  is  removed;  and,  if  present,  it  may  be  expedient  to  complete  the 
dissection  before  removing  the  organ.  The  heart,  whether  normal  or  not,  should 
never  be  severed  from  abnormal  or  diseased  vessels  when  the  morbid  condition  is 


Fig.  502. — Heart  Showing  the  Lines  for  Incisions  in  the  Preliminary  Examination  and  Final 
Section,  Fully  Exposing  the  Valves.  ( After  Virchow.) 

A.  Pulmonary  artery.  B.  Aorta.  C . Right  auricle.  The  incision  M to  N is  that  advised  by  Virchow. 
The  one  preferred  by  the  writer  is  from  K to  I,  for  the  preliminary  opening  of  the  right  ventricle.  The 
preliminary  opening  of  the  right  auricle  is  made  at  C.  The  preliminary  opening  of  the  left  auricle  is 
made  at  D.  The  preliminary  opening  of  the  left  ventricle  is  made  at  F to  E.  After  the  heart  is 
removed,  the  incision  made  at  C is  carried  out  through  the  vena  cava;  the  incision  from  K to  / is  car- 
ried through  the  pulmonary  artery  between  the  letters  M and  A,  and  below  is  carried  around  by  H to  J . 
The  incision  M to  N is  not  made.  The  incision  F to  E,  in  the  left  ventricle,  is  carried  around  behind 
the  pulmonary  artery,  A,  and  comes  out  in  the  aorta  at  L.  From  the  lower  portion,  at  E,  the  incision 
is  carried  upward  to  about  where  the  letter  G is  shown;  this  permits  the  flap  to  be  turned  back  so  that 
the  mitral  valve  may  be  examined;  the  incision  made  may  then  be  carried  through  the  mitral  orifice. 


likely  to  have  materially  influenced  the  organ;  this  is  especially  true  of  malfor- 
mations and  aneurysms.  When  the  relation  of  abnormality  of  the  intrathoracic 
vascular  system  to  the  air-passages  or  lungs  is  important,  Letulle’s  method,  men- 
tioned below,  should  be  followed.  In  the  new-born  it  may  be  advisable  at  this 
time  to  trace  the  pulmonary  artery  and  aorta,  demonstrating  the  relation  of  one  to 
the  other,  and  the  condition  of  the  ductus  arteriosus.  Remove  the  heart,  dividing 
the  great  vessels  from  below  upward,  severing  the  aorta  last.  Test  the  valves  as  to 
competency,  being  sure  to  wash  out  all  clots  before  making  the  test.  Enlarge 
the  incisions  already  made  so  as  to  be  able  to  examine  the  endocardium  in  detail. 
Carry  the  incision  in  the  right  auricle  out  through  the  two  cavae;  prolong  the  in- 
cision in  the  right  ventricle  through  the  pulmonary  artery  and  the  incision  in  the 
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Fig.  503. — -Heart  Showing  the  Interior  of  the  Right  Ventricle  and  Pulmonary  Artery.  ( After 

Virchow.) 

If  the  incision  M to  I,  figure.  502,  be  made  as  advised  by  the  writer,  the  papillary  muscle  (A)  will  be 
carried  over  with  the  ventricular  wall  (B),  thereby  better  exposing  the  auriculoventricular  orifice. 


Fig.  504.  Heart  with  the  Left  Ventricle  Laid  Open,  Showing  the  Aortic  Cusps  and  the  Ven- 
•nucuLAR  Aspects  of  the  Mitral  Valve.  ( After  Virchow.) 

Ih2  letters  have  the  same  significance  as  in  Fig.  502. 
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cision  alreadv  the  aorta.  The  left  auricle  is  opened  by  continuing  the  in- 

thickenin  d ■^t°  PulmPnaiT  vein-  Note  any  vegetations  on  the  valves, 

foramen  oval?  °g^ty  °f  the  endocardium;  examine  closely  the  condition  of  the 
Soat| thG  2ene,ral  appearance  of  the  cardiac  muscle, 
for  mpflsnnVii  +u  0nbc,e.s:  Graduated  cones,  balls  of  different  sizes,  and  other  devices 
m nS  uLi  Car?^  °nfices  fcan  be  Purchased  and  by  some  are  recom- 
be  used  ’or Hp  the?.  m favor-  as  the  question  of  how  much  force  may 
the  wall  nf  L 'fi  hT  J6  readmf 1S  to  be  taken>  cannot  be  accurately  answered;  if 
aool7anLs  m^ht  *******  unyielding-which  normally  it  never  is-such 

anv  lateral  hf  f ^se-.K,°^dinanly  it  is  best  to  open  the  orifice  and,  without 

available  l Srfna1/  tape  over  the  exposed  line;  when  such  a tape  is  not 

ference  so  obtalJJS  ™ better,a,  w,ire-  may  be  used  and  later  measured;  the  circum- 
ference so  obtained  may  readily  be  converted  into  diameter  by  dividing  by  3 14 

knife  o^1soi«°r0nary  by  paS5in^  a director  into  each  turng  and,  with 

mav  be  used  to  aSdvan^nmg  tb? -f I?Lery  far  as  Possit>le.  Probe-pointed  scissors 

bl  ouened  even'  tn tw  g6’  aJ}d  wthe  probe-Pointed  blade  is  small,  the  arteries  may 
be  opened  even  to  their  smaller  branches.  Weigh  the  heart. 

broken  nn^thT^^  lunSs,.may  be  removed  at  once.  Adhesions  must  be  carefully 
however  n usually  be  accomplished  by  the  fingers  alone;  occasionally, 

, fe  or  scissors  (preferably  the  latter)  are  necessary;  when  the  ad- 


Fig.  505. — Scissors. 

Those  shown  in  the  upper  cut  will  be  most  useful,  particularly  if  the  blade  shown  in 

the  sharper  point  be  slightly  probe-pointed. 


the  cut  as  having 


hcsions  are  very  dense  or  extensive,  the  costal  pleura  may  be  separated  from  the 
ribs  and  mtercostal  muscles.  If  the  organs  are  adherent  to  the  diaphragm  it  is 
best  to  detach  the  latter  from  the  ribs  and  remove  it  with  the  lungs;  often  only  a 
patch  will  require  removal,  at  other  times  the  entire  diaphragmatic  pleura  mav  be 
adherent  Incise  the  great  vessels  as  they  pass  out  of  the  thorax;  cut  through 
the  trachea,  being  careful  not  to  injure  the  esophagus.  Gentle  protracted  trac- 
tion will  strip  the  organs  from  the  tissue  behind,  bringing  forward  with  the 
pericardium  the  aorta,  which  must  be  severed  at  the  diaphragm.  If  it  is  de- 
sired to  leave  the  aorta,  this  can  easily  be  done  by  separating  it  from  the  pericar- 
dial attachments  before  delivering  the  lungs.  When  removed  singly  the  left  lung 
is  removed  first;  loosen  all  adhesions,  pull  the  apex  downward  and  the  remainder 
forward,  cutting  the  bronchi  and  vessels  from  behind;  some  workers  prefer  an  anter- 

1°r/i!1CiiS10n;Jprobably  the  heiSht  of  the  operator  or  of  the  table  leads  to  different 
methods  and  may  influence  the  selection  made  by  the  beginner.  Note  the  qualitv 
and  quantity  of  any  fluid  flowing  from  the  severed  bronchus.  Note  the  general 
appearance,  color,  and  condition  of  the  lung.  Examine  for  crepitation,  allowing 
A+e+u°rC:ers  a,nd  marSins  to  slip  gently  between  the  fingers  and  thumb;  avoid  force 
At  this  time  lay  the  lung  on  a solid  surface,  preferably  slate  or  stone,  or  on  one  of 
the  limbs  of  the  cadaver,  to  avoid  any  sounding-board  influence,  and  carefully  per- 
cuss the  organ,  comparing  the  result  of  percussion  with  the  sensations  elicted  by 
palpation.  The  incisions  made  in  the  lung  should  be  conspicuous  by  reason  of  their 
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length,  and  the  longer,  other  things  being  equal,  the  better.  To  accomplish  this, 
it  is  best  to  use  a long  section  knife  (Fig.  509),  which  should  be  exceptionally  sharp, 
making  an  incision  from  apex  to  base,  extending  through  all  lobes  in  a line  corre- 
sponding, as  nearly  as  possible,  to  the  axillary  aspect  of  the  organ.  Lay  open  and 
dissect  down  the  bronchi,  and  carefully  examine  their  condition,  a sharp  lookout 
being  maintained  for  the  presence  of  foreign  bodies.  The  branches  of  the  pulmon- 


Fig.  506. — Grooved  Director. 

Useful  for  opening  arteries,  tracing  sinuses,  ducts,  etc. 


ary  vessels  should  be  examined  for  thrombi,  emboli,  and  the  presence  of  sclerosis. 
Note  the  appearance  of  the  peribronchial  glands.  Weigh  each  lung  separately. 

Larynx,  Trachea,  Bronchi,  and  Thyroid  Gland. — The  examination  of  these  struc- 
tures is  usually  best  accomplished  after  their  removal  en  masse,  together  with  the 
contents  of  the  floor  of  the  mouth  and  the  pharyngeal  wall.  If  the  primary  incision 
was  carried  to  the  chin  the  organs  may  easily  be  extracted;  on  the  other  hand,  if 
they  must  be  removed  subcutaneously,  considerable  difficulty  will  be  encountered. 


Fig.  507. — Line  of  Incision  through  the  Posterior  Border  of  the  Lung. 

T,  • , ,,  . ( Letulle .) 

is  cu  , o owing  the  line  from  x to  y,  should  extend  to  the  hilum.  The  surfaces  exposed  by  the  foregoing 

method  are  further  incised  at  short  intervals. 


e s m must  be  carefully  dissected  from  the  underlying  tissues,  and  a long-bladed 
,"m  e P^sse(I  from  below  upward,  entering  the  floor  of  the  mouth  as  far  anteriorly 
as  possi  le,  making  an  incision  laterally  on  both  sides  along  the  rami  of  the  lower 
1 mou.^b  is  then  opened  widely,  and  the  incision  carried  backward  and 
upwan  , r ctaching  the  soft  palate  from  the  hard  palate,  and  at  the  same  time  freeing 
onsi  s.  1 he  removal  of  this  mass  is  accomplished  by  pulling  the  esophagus  and 
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larynx  downward,  pushing  a long-bladed  knife  up  behind  the  esophagus,  and  sev- 
ering  posteriorly  and  laterally  the  pharyngeal  wall  as  high  as  possible.  After  re- 
moval the  esophagus  may  be  dissected  from  the  larynx,  and  examined  later,  with  or 
after  the  stomach,  or  it  may  be  at  once  severed  near  the  diaphragmatic  opening,  a 
ligature  being  applied  to  prevent  the  escape  of  the  stomach-contents.  If  removed 
with  the  adjacent  structures,  it  is  opened  on  the  posterior  aspect,  the  larynx  and 
trachea  being  opened  anteriorly. 

v.  Hansemann  obtains  a satisfactory  inspection  of  the  pharynx  by  dissecting 
the  posterior  flap  of  scalp  (see  opening  of  skull)  down  behind  and  under  the  occiput 
and  disarticulating  the  skull  from  the  vertebrae.  The  vault  of  the  pharynx  is  in- 
cised and  the  skull  pushed  forward  affording  a satisfactory  view  of  the  throat 
from  above.  The  operation  is  possible  without  opening  the  brain  case. 

Abdominal  YTscera. — The  spleen  is  now  removed.  This  is  accomplished  by 
gently  lifting  the  organ  out  of  its  normal  bed,  pulling  it  forward,  and  severing  the 
blood-vessels  close  to  the  hilum.  As  a result  of  past  peritoneal  inflammation,  dia- 
phragmatic pleurisy,  or  inflammation  of  some  adjacent  viscus  or  tissue,  as  the  colon 
or  perirenal  structures,  the  spleen  may  be  anchored  by  firm  adhesions  of  its  capsule 
to  contiguous  viscera.  Under  such  circumstances  it  is  best  to  dissect  the  organ 
out  with  very  great  care,  as  protracted  or  violent  traction  may  rupture  the  thin 


Fig.  508.  Incision  for  Separating  the  Oral  and  Pharyngeal  Structures  from  the  Floor  of  the 

Mouth.  ( Letulle .) 

capsule;  and  if  it  be  softened  as  a result  of  infectious  diseases  or  other  cause,  the 
entire  splenic  pulp  may  be  forced  through  a comparatively  small  opening  in  the 
capsule.  Its  general  appearance  described,  make  one  long  incision  through  the 
convexity  extending  down  to  the  hilum.  Note  color  and1"  consistency  of  paren- 
chyma, prominence  of  the  Malpighian  bodies,  and  stroma.  Weigh  the  organ. 

The  Kidneys. — Ascertain  whether  both  are  present  and  in  their  normal  positions. 
The  left  suprarenal  body  and  left  kidney  are  next  examined.  As  a rule,  the  adrenal 
and  corresponding  kidney  may  be  removed  together.  This  can  readily  be  done  by 
incising  or  tearing  the  peritoneum  along  the  upper  and  posterior  border  of  the  kid- 
ney and  with  fingers,  scalpel,  or  scissors,  carefully  dissecting  the  connective  tissue 
holding  the  adrenal  in  place.  Raise  the  kidney  from  its  normal  position,  note  con- 
dition of  blood-vessels,  and  incise  them;  examine  ureter  and  sever  it.  With  very 
little  effort  the  ureter  may  be  traced  downward  to  the  bladder.  This  should  be 
done  before  severing  the  kidney,  as  later  it  may  be  quite  impossible  to  demonstrate 
that  the  canal  contained  no  obstruction.  The  perirenal  fat  should  be  carefully  re- 
moved from  the  kidney  and  the  surface  of  its  capsule  accurately  described  before 
incising  it.  Hold  the  kidney  in  the  left  hand,  with  the  pelvis  directed  toward  the 
palm,  and  with  one  sweep  of  a sharp  knife  incise,  from  the  cortex  to  the  pelvis,  in 
the  long  axis  of  the  organ.  On  section,  note  consistency,  color,  the  relative  propor- 
tion of  cortex  and  pyramid  (normal  cortex  equals  approximately  one-half  the  pyr- 
amid); the  condition  of  capsule,  whether  thickened,  tense  or  flaccid,  or  adherent  to 
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cortex;  also  note  appearance  of  stripped  surface  of  cortex,  whether  smooth,  gran- 
ular, or  rough,  etc.  Examine  pelvis  of  kidney,  and  weigh  the  organ.  The  same 
process  is  repeated  upon  the  opposite  side. 

Examine  bladder  and  internal  genitals.  The  technic  of  this  examination  depends 
largely  upon  the  conditions  present.  When  the  examination  of  the  upper  urinary 
tract  (kidney  and  ureter)  has  led  to  any  suspicion  of  disease,  it  is  best  not  to  detach 
the  kidney  from  the  ureter  or  ureter  from  the  bladder  until  the  dissection  has  been 
completed.  The  examination  of  the  pelvic  viscera  can  usually  best  be  accomplished 
after  evisceration  of  the  pelvis.  It  is  best,  however,  to  open  the  bladder  and  exam- 
ine its  contents  before  eviscerating,  and  in  the  female,  especially  when  there  is  any 
question  of  criminal  abortion,  a thorough  examination  should  be  made  by  fin- 
ger and  speculum,  using  no  cutting  or  probe-pointed  instrument  of  any  kind  until, 
as  far  as  may  be  possible,  antemortem  wounds  have  been  excluded.  Evisceration 
of  the  pelvis  is  best  accomplished  by  an  incision  anteriorly,  under  the  pubic  arch, 
hugging  the  true  pelvis  posteriorly,  and  removing  the  rectum  with  the  other  contents 
of  the  pelvis.  The  testicle  may  be  removed  without  any  external  incision  in  the 
scrotum  by  simply  dissecting  the  skin  anteriorly  from  the  pubes  and  pulling  the  tes- 
ticle by  the  spermatic  cord  gently  up  into  the  wound,  from  which  it  may  be  removed, 
if  necessary  dissecting  the  cord  around  to  the  seminal  vesicles.  The  penis  may  be 
simply  retracted  through  the  floor  of  the  pelvis,  and  removed  with  the  prostate  and 
bladder. 

The  removal  of  these  organs  without  the  full  consent  of  the  deceased’s  family 
should  never  be  made,  as  the  excision  of  the  genital  organs  is  always  looked  upon  as 
having  been  done  merely  to  gratify  morbid  curiosity,  and  exactly  why  it  is  always 
discovered  seems  very  hard  to  determine;  the  fact  remains  that  the  uninitiated  have 
been  severely  censured  for  the  removal  of  the  external  genitalia,  even  in  cases  where 
it  was  perfectly  justified  by  the  findings  and  where  it  was  necessary  to  arrive  at  an 
accurate  diagnosis. 


Fig.  509. — Long,  Thin,  Brain  Knife,  of  Value  for  Incising  Organs. 

Originally  designed  for  brain  dissection,  but  at  present  used  for  incising  kidney,  liver,  spleen,  tumors,  etc. 
As  shown  in  the  illustration,  the  instrument  should  not  have  a cutting-edge  measuring  less  than  16  cm. 
The  graduation  along  the  back  of  the  knife  affords  a convenient  measure.  On  the  other  side  the 
graduation  is  in  inches. 


The  rectum  should  be  dissected  from  the  posterior  wall  of  the  bladder  in  order  to 
expose  the  prostate  and  seminal  vesicles.  In  the  female,  as  this  is  not  necessary, 
the  rectum  is  opened  on  its  posterior  aspect,  the  vagina  laterally,  and  the  urethra  and 
bladder  anteriorly,  thus  permitting  all  the  parts  to  be  restored  to  their  normal  rela- 
tion with  each  other.  The  opening  on  the  lateral  aspect  of  the  vagina  is  carried  anter- 
iorly at  the  upper  end  and  continued  through  the  anterior  wall  of  the  cervix  and 
body  of  the  uterus.  If  urine  be  present  in  the  bladder,  its  character  and  quantity 
should  be  noted,  and  it  may  be  preserved  for  future  examination. 

The  left  semilunar  ganglion  is  examined,  and  any  firmness  or  inflammatory 
signs  noted.  The  ganglion  should  be  preserved  for  microscopic  examination.  The 
corresponding  organ  of  the  right  side  is  next  in  order  of  examination. 

The  Stomach  and  Duodenum. — In  cases  where  poisoning  is  suspected,  ligatures 
are  applied  at  the  cardiac  extremity  of  the  stomach  and  the  upper  end  of  the  duo- 
denum, and  the  organ  removed;  in  order  that  the  contents  may  be  carefully  exam- 
ined, the  stomach,  without  opening,  should  be  placed  in  a clean  jar  and  sent  to  the 
chemist.  In  case  it  is  decided  to  open  the  duodenum  and  stomach  in  situ,  as  is  best 
when  poisoning  is  not  under  consideration,  make  an  incision  along  the  anterior  sur- 
face of  the  duodenum  and  greater  curvature  of  the  stomach.  Examine  contents, 
condition,  and  appearance  of  mucous  membrane.  Foreign  bodies  are  frequently  met 
with  in  the  stomach.  Determine  if  the  bile-duct  is  patulous  by  pressing  upon  the 
gall-bladder  and  watching  for  the  escape  of  bile.  In  case  this  simple  procedure  does 
not  reveal  the  presence  of  the  ampulla  and  demonstrate  that  the  cystic  and  com- 
mon ducts  are  patulous  they  should  be  carefully  exposed.  This  cannot  be  done 
after  the  removal  of  the  pancreas,  duodenum,  or  liver;  as  it  is  important  in  many, 
if  not  all,  cases  to  assure  one’s  self  of  the  condition  of  the  hepatic,  cystic,  and  com- 
mon ducts,  and  as  cutting  through  either  of  them  may  render  later  demonstration 
unsatisfactory  or  even  quite  impossible,  they  should,  therefore,  be  dissected  out 
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in,  situ.  Open  the  ductus  communis  choledochus,  examine  mucous  membrane  and 
continue  the  incision  upward  into  the  gall-bladder  and  larger  hepatic  ducts.  ’ 

The  portal  vein,  hepatic  vein,  and  vena  cava  may  be  opened  before  the  removal 
of  the  liver;  or,  as  the  first  two  must  be  severed  during  the  removal  of  the  organ 
they  may  be  examined  at  that  time.  The  condition  of  their  contents  and  appear- 
ances of  their  walls  must  be  noted. 

The  liver  may  now  be  detached  from  the  diaphragm,  or,  if  it  is  adherent  to  that 
structure,  the  two  may  be  removed  together;  when  the  lung,  liver,  and  diaphragm 
are  fused  by  adhesions  at  their  points  of  contact,  and  when  there  may  be  any  sus- 
picion of  a suppurative  lesion  burrowing  in  either  direction,  it  is  best  to  let  the  lung 
remain  m situ  until  the  proper  time  for  examining  the  liver,  when  the  three  struc- 
tures can  be  removed  together;  neither  the  lung  nor  the  liver  should  be  sacrificed, 


but  only  that  part  of  the  diaphragm  immediately  involved  need  be  removed  with 
t le  attached  viscera.  The  shape  and  color  of  the  liver  and  any  deformities  of  the 
.°.  ^ be  noticed,  the  anterior  margin  examined,  and  its  condition  recorded. 
I he  incision  made  to  disclose  the  interior  of  the  liver  should  be  a long,  sweeping  cut, 
e-  suPer*or  aspect  of  the  organ,  extending  through  the  longest  axis,  including 
both  right  and  left  lobes,  and  sufficiently  deep  to  permit  the  folding  of  the  two  parts 
without  tearing  the  narrow  band  of  tissue  holding  them  together.  On  section,  the 
firmness  or  resistance  should  be  noted;  also  the  color,  whether  uniform  or  mottled, 
and.  whether  or  not  bile  staining  be  present.  Weigh  the  organ. 

Pancreas.  At  the  time  the  bile-passages  are  opened  down  to  and  through  the 
ampulla,  it  is  well  to  seek  the  duct  of  Wirsung,  and,  if  possible,  the  extension  into 
the  pancreas,  accessory  ducts  should  be  sought.  As  the  head  of  the  pancreas  is 
dissected  from  the  duodenum  a careful  lookout  should  be  maintained  for  any  addi- 
tional, as  well  as  normal,  ducts.  Separation  of  the  pancreas  from  the  duodenum, 


which  it  occasionally  envelops,  is  often  extremely  tedious.  Aberrant  pancreatic 
tissue  should  be  sought  in  the  stomach,  duodenum,  and  jejunum.  The  tail  and 
most  of  the  body  of  the  pancreas  may  be  detached  and  transversely  incised  partlv 
through,  at  short  intervals  (x  to  2 cm.),  beginning  at  the  splenic  end.  Careful  in- 
spection of  the  surface  exposed  at  each  incision  commonly  discloses  the  larger  duct 
about  the  junction  of  the  body  and  head  of  the  organ.  As  soon  as  recognized  it 
may  be  explored  by  a fine  probe  and  finally  opened. 

The  esophagus  should  next  be  examined. 

Intestines. — A better  view  of  the  other  organs  and  greater  working  room  are  af- 
forded by  removing  the  intestines  immediately  after  the  spleen.  The  rectum  is  ligated 
just  below  the  sigmoid  and  the  latter  separated  by  incising  the  mesosigmoid  close 
to  the  bowel.  The  presence  or  absence  of  renal  mobility  should  be  determined 
after  which  the  colon,  descending,  transverse,  and  ascending,  is  detached  in  the 
order  named.  The  caput  coli  is  raised  from  its  bed,  the  appendix  detached  from 


Fig.  510. — Enterotome. 


drawn.  Such  hook-pointed  enterotomes  are  to  be  avoided. 


Fig.  sir. — Probes. 

These  shouid  be  at  least  15  or  20  cm.  long.  One  should  be  very  slender. 
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any  adhesions,  and  removal  of  the  small  intestine  continued  by  sectioning  the  mes- 
entery as  close  as  possible  to  the  gut.  As  the  different  parts  of  the  ileum  come  in 
view  any  abnormality  in  color,  evidence  of  inflammation,  dilatation,  or  narrowing 
should  lead  to  a closer  examination  of  the  mesentery,  which  ordinarily  is  inspected 
at  this  time.  While  dividing  the  mesentery  watch  for  enlarged  glands,  cysts  (chy- 
lous), tumors,  thrombosed  vessels,  fat  necrosis,  etc.  When  the  blood  or  chylous 
vessels  are  abnormal,  it  may  be  well  to  remove  these  with,  and  leave  them  attached 
to,  the  intestine.  Should  thrombi,  or  other  lesions  involving  the  vessels,  be  dis- 
closed, the  veins  and  arteries  should  be  dissected  to  the  main  trunks,  and  if  possible 
the  cause,  if  local,  determined  before  going  further.  Any  lesion  located  in  the  mes- 
entery and  influencing  the  intestine  should  be  traced  with  that  structure  to  which  it 
had  best  be  left  attached.  The  gut  should  be  carefully  opened,  and  the  contents 


One  of  these  should  be  toothed.  These  will  be  needed  in  the  finer  dissections,  as  in  tracing  the  hepatic 

duct,  portal  vein,  and  receptaculum  chyli. 

examined  as  the  incision  in  its  wall  is  gradually  extended.  After  the  incision  made 
by  the  enterotome  has  been  concluded  the  mucous  surface  should  be  gently  washed  j 
by  a slowly  flowing  stream  of  water,  and  examined  for  inflammation,  ulcers,  cicat- 
rices, perforations,  constrictions,  etc.  It  is  best  to  open  the  intestine  before  wash- 
ing it  out,  in  order  more  accurately  to  determine  the  contents,  examine  for  animal 
parasites,  locate  foreign  bodies,  etc.,  but  cleanliness  and  convenience  often  lead  to 
an  unwise  reversal  of  the  proper  order.  In  cases  of  suspected  poisoning  the  un- 
opened intestine,  ligated  at  both  ends,  and  enclosed  in  a clean  jar  should  be  sent  to 
the  chemist. 

The  thoracic  duct  should  now  be  traced,  and  the  retroperitoneal  glands  and  recep- 
taculum chyli  examined. 

The  aorta  and  its  branches  may  now  be  examined  in  detail. 


Fig.  513. — Mallet  or  Hammer. 


The  Head.1 — Insert  the  scalpel,  with  its  back  toward  the  skull,  just  behind  one 
ear,  and  carry  an  incision  across  the  vertex,  cutting  from  within  outward.  If  the 
knife  is  not  too  sharp,  the  hair  may  be  parted  and  thrown  backward  and  forward 
as  the  hand  and  knife  are  withdrawn.  The  incision  should  be  far  enough  back  to  be 
invisible  from  the  front  when  closed.  The  scalp  is  reflected  forward  and  backward 
from  this  incision  as  low  as  the  superciliary  ridge  in  front  and  the  occipital  protu- 
berance behind. 

In  many  cases  great  care  must  be  used  to  avoid  a tear  at  or  around  the  ear,  as 
tension  is  produced  by  pulling  the  anterior  and  posterior  scalp-flaps  down;  to  avoid 
this  unsightly  tear,  which  may  run  down  in  front  of  the  ear,  insert  the  knife  under 

1 See  article  by  Buhlig  on  general  and  special  methods  for  examining  the  brain  and  spinal  cord  ; Cleve- 
land Medical  Jour.,  Jan.,  1904,  p.  28. 


POSTMORTEM  EXAMINATIONS. 


IO29 


the  skin,  in  the  incision  already  made,  just  behind  the  ear,  and  dissect  the  skin  free 
from  the  deeper  structures  behind  and  in  front  of  the  ear.  The  scalp-flaps,  as  al- 
ready described,  do  not  include  the  temporal  fascia  or  muscle,  both  of  which  are 
now  cut  through  and  reflected  in  the  line  of  the  contemplated  saw-cut.  All  soft  tis- 
sues should  be  incised  and  pushed  out  of  the  way  of  the  saw,  otherwise  they  pack 
the  teeth  of  the  instrument  and  greatly  impede  sawing.  When  the  skull-cap  is 
replaced,  the  fascia  and  the  muscles  may  be  sewed  together,  thereby  securing  the 
bone  in  place — a matter  of  great  importance  in  private  postmortems  when  the  body 
is  to  be  exposed  at  a funeral  or  to  friends. 

Inspect  the  skull  for  evidence  of  injury  or  disease.  In  opening  the  skull  there 
are  three  methods  of  procedure — one  should  never  be  used  when  it  can  be  avoided, 
one  may  be  used  in  a few  cases,  and  one  is  applicable  in  the  vast  majority  of  in- 
stances : (1)  The  “undertaker’s  cut  ” is  made  by  sawing  across  the  forehead  just  back 
of  the  hair  line,  from  one  temporal  fossa  to  the  other,  and  carrying  a second  saw-cut 
around  the  posterior  base,  parallel  with  the  base  line,  joining  the  anterior  cut  in  each 
temple.  This  method  does  not  permit  of  satisfactory  removal  of  the  brain.  (2) 


Fig.  514.  Heavy  Line  Indicating  Course  Taken  by  Saw-cut  in  So-called  Undertaker’s  Method. 
It  is  possible  that  the  base  line  as  drawn  in  this  illustration  is  too  low;  however,  this  is  immaterial,  as  the 

method  is  under  all  circumstances  to  be  avoided. 

The  second  method  should  always  be  used  in  medicolegal  cases,  and  whenever  the 
question  of  fracture  may  arise.  It  does  not  demand  the  use  of  a chisel,  and  affords 
a.bundant  opportunity  for  examining  the  interior  of  the  skull.  A circumferential 
line  is  drawn  around  the  skull,  on  a level,  with  the  superciliary  ridge  in  front  and  the 
occipital  protuberance  posteriorly,  and  the  skull  sawed  through  at  this  line.  (3) 
The  third  method,  and  the  one  most  commonly  employed,  consists  of  a V-shaped 
incision;  as  viewed  laterally,  the  anterior  arm  of  the  V is  parallel  with  the  base  of 
the  skull,  on  a level  with  the  superciliary  ridge,  and  extends  backward  1 cm.  behind 
the  external  auditory  meatus.  The  other  arm  of  the  saw-cut  passes  obliquely  across 
the  vertex  just  back  of  the  incision  already  made  in  the  scalp.  It  may  be  neces- 
sary to  break  out  the  angles  of  the  saw-cut  with  a chisel;  care  must  be  used  not  to 
mutilate  the  ear  in  making  the  saw-cut.  The  adjustment  and  retention  of  the  cal- 
varia in  place  may  be  further  aided  by  making  the  posterior  saw-cut  also  V-shaped. 
The  angular  junction  of  the  two  lines  which  form  the  V is  directed  upward,  some- 
thing like  the  occipitoparietal  suture.  This  makes  two  V-shaped  saw-cuts  as  fol- 
lows: Viewed  laterally,  the  anterior  arm  of  the  first  V is  parallel  with  the  base  line, 
and  extends  from  the  superciliary  ridge  to  just  behind  and  above  the  external  audi- 
tory meatus,  the  posterior  arm  of  this  V being  subdivided  into  two  arms  of  a second 
V,  which,  as  viewed  from  behind,  is  upside  down.  The  advantages  of  this  incision 
lies  in  the  easily  adjusted  calvaria,  the  wedge-shaped  cap  being  readily  replaced  and 
secured  in  position,  so  that  no  external  evidence  of  the  postmortemVill  be  visible 
when  the  scalp  is  returned  to  place  and  sutured. 

Inspect  the  interior  of  the  calvaria  for  evidence  of  injury  or  disease,  noting  its 
thickness  and  the  condition  of  the  diploe  and  of  the  external  and  internal  tables. 
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The  dura  may  be  removed,  or,  rather,  reflected  back,  by  incising  it  along  the  lower 
saw-cut  and  detaching  the  falx  cerebri  from  the  crista  galli.  When,  as  in  the  very 
young,  the  dura  must  be  removed  with  the  calvaria,  it  is  necessary  to  incise  that 
membrane  along  the  line  of  the  saw-cut,  and  to  sever  the  falx  anteriorly  and  poster- 
iorly before  making  any  attempt  to  raise  the  skull-cap. 

Inspect  the  surface  of  the  brain  for  superficial  injuries  or  disease,  but  make  no 
incision  into  it.  It  may  here  be  necessary  to  note  the  relation  of  brain  landmarks 
to  the  skull,  fixed  points  of  the  latter  being  selected  for  the  comparison. 

The  brain  is  next  to  be  removed,  beginning  in  front  bf  carefully  raising  it  from 
the  base,  being  sure  to  raise  the  olfactoi'y  bulbs  with  the  hemispheres;  still  cautiously 
elevating  the  hemispheres,  sever  the  nerves  as  they  pass  out  of  the  skull,  those  in 
front  first,  and  then  in  order  as  they  appear.  When  the  tentorium  is  reached,  detach 
it  from  the  temporal  bone  and  follow  the  base,  severing  the  nerves  as  they  find  exit 
from  the  posterior  fossa;  lastly,  pass  a long,  slender-bladed  knife  along  the  basilar 
process  of  the  occipital  bone,  and  down  into  the  spinal  canal,  cutting  the  cord  as 
low  as  possible.  In  order  to  section  the  cord  transversely  and  to  avoid  the  oblique 
incision  made  in  the  manner  just  directed,  some  operators  prefer  the  use  of  a myelo- 
tome. ' After  section  of  the  cord  the  entire  brain  can  be  easily  removed.  Complete 


Fig.  515. — Circumferential  Saw-cut,  to  be  Preferred  in  all  Medicolegal  Cases. 

The  exact  location  of  the  line  will  vary  slightly,  depending  upon  the  conformation  of  the  skull.  It  is 

usually  about  as  indicated  above. 

the  examination  of  the  interior  of  the  skull,  noting  the  condition  of  the  bone,  blood- 
vessels, sinuses,  etc.,  dissecting  the  dura  from  the  base  to  facilitate  the  examination 
of  the  bone.  Before  detaching  the  dura  the  continued  sinuses  should  be  opened 
and  examined  for  evidences  of  thrombi,  septic  processes,  etc.  The  posterior  part 
of  the  orbit  and  the  eyeball  may  be  examined  by  chiseling  the  roof;  in  the  same  way 
examine  the  frontal,  sphenoid,  mastoid,  and  ethmoid  sinuses  and  the  internal  ear.1 
Oberndorfer  bores  out  the  base. of  the  skull,  opening  the  sinuses  and  exposing  the 
vault  of  the  pharynx  by  an  enormous  trephine. 

The  brain  should  be,  in  most  instances,  hardened  before  dissection;  if  this  can- 
not be  done,  immediate  examination  may  be  made  as  follows:  Make  a careful  exam- 
ination of  the  meninges,  and  note  the  color,  consistency,  etc.,  of  the  external  sur- 
faces, including  the  base;  the  consistency  is  best  determined  by  gently  palpating 
the  entire  cortex.  Examine  the  blood-vessels  at  the  base,  tracing  them  into  the 
brain-tissue.  An  incision  is  made  on  each  side,  just  over  the  corpus  callosum,  into 
the  lateral  ventricles,  and  continued  backward  and  forward,  that  they  may  be  care- 
fully inspected;  the  amount  and  character  of  the  fluid  present  are  noted.  The 
lateral  ventricles  are  joined  by  an  incision  through  the  fornix,  reflecting  the  corpus 
callosum  backward,  exposing  the  tissues  beneath.  Search  for  hemorrhages,  areas 
of  softening,  tumors,  inflammation,  abscesses,  etc.  Lateral  incisions  are  now  made 
m the  cortex  from  the  ventricle  outward,  so  as  to  note  the  condition  of  the  cerebral 
substance,  the  incisions  should  be  parallel,  not  over  1 cm.  apart,  and  the  membranes 

il?aflEi,(VirC hows  Archiv.,  Bd.  lxxi,  p.  206)  gives  details  of  a method  for  examining  the  organs  at 
tne  base  ot  the  skull,  using  a chain  saw. 
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should  not  be  cut  through,  as  they  will  retain  the  cut  parts  in  position.  The  brain 
is  then  turned  over,  and  the  tissue  of  the  base  examined  by  transverse  incisions 
through  the  medulla,  cerebellum,  etc.,  examining  for  such  changes  as  previously 
noted.  Weigh  the  brain. 

While  occasionally  much  information  can  be  obtained  by  the  gross  examination 
of  a freshly  removed  brain,  improvements  in  histologic  technic  have  made  the  mi- 
croscopic examination  of  greater  importance.  In  order  to  obtain  valuable  infor- 
mation from  this  method,  it  is  necessary  to  secure  sections  which  permit  reconstruc- 
tion of  the  organ,  so  that  the  connection  between  different  parts  may  be  traced. 
This  implies  the  use  of  some  serial  method  similar  to  that  employed  in  embryologic 
work.  The  size  of  the  human  brain  renders  difficult  satisfactory  serial  sections  of  the 
entire  mass,  and  as  the  serial  sections  are  for  the  purpose  of  demonstrating  histologic 
lesions  in  paths  or  bundles,  each  case  will  become  to  a certain  extent  a law  unto  it- 
self. In  the  interest  of  competent  neurologic  investigation  the  pathologist  must 
forego  the  satisfaction  of  immediate  results  from  dissection  of  the  fresh  brain.  It 
is  desirable  to  harden  the  organ  in  formaldehyde-water  (formalin  io  parts,  water 
90  parts)  for  several  days  before  making  any  incisions  except  those  through  the 
margins  of  the  corpus  callosum  into  each  lateral  ventricle,  which  are  preliminary  to 
all  methods  of  dealing  with  the  brain,  and  are  simply  to  promote  hardening  of  its 


PfG-  Si6- — Wedge-shaped  Calvaria  Removed  by  the  Line  op  Saw-cut  Recommended.  (See  text.) 
If  the  posterior  cut  is  so  made,  from  the  right  and  left  sides,  that  the  point  A will  be  the  apex  of  a tri- 
angle, two  sides  of  which  are  formed  by  posterolateral  saw-cuts,  there  will  be  no  difficulty  in  retain- 
ing the  wedge-shaped  calvaria  in  place. 

interior.  If,  however,  incisions  are  to  be  made  at  once,  the  pathologist  should  con- 
sider, in  relation  to  any  gross  lesion  present,  the  direction  of  tracts  which  may  be 
degenerated.  Such  tracts  should  be  cut  at  right  angles  to  their  course  in  order  that 
the  sections  may  be  used  for  microscopic  study.  From  this  point  of  view  the  con- 
ventional methods  of  Virchow  and  of  Pitres  are  objectionable.  The  safest  single 
incision  is  Dejerine’s  horizontal  cut  passing  through  the  cerebrum  at  a level  slightly 
beneath  the  upper  surface  of  the  callosum.  This  transects  the  basal  ganglia  and 
the  internal  capsule  at  their  widest  parts,  and  will  usually  reveal  any  gross  lesion. 
If  this  is  not  conclusive,  another  section  may  be  made  x cm.  lower  than  the  first  and 
parallel  to  it.  A section  lengthwise  of  the  optic  tracts  will  show  their  connection 
with  the  primary  optic  centers,  and  at  the  same  time  the  nuclei  and  fibers  of  the  third 
nerves. 

To  reserve  the  remainder  of  the  brain-stem  for  microscopic  study  of  its  nuclei 
and  nerve-roots,  the  most  advantageous  section  is  a transverse  one  in  the  upper  half 
of  the  pons;  that  is,  above  the  fifth  nerves,  which  are  about  half-way  down  the  pons. 
Above  all  to  be  avoided  are  longitudinal  bisections  of  the  brain-stem.  For  the  study 
of  nerve-cell  bodies  and  of  neuroglia  small  portions  of  the  fresh  tissue,  removed  from 
the  particular  centers  of  the  cortex,  and  from  the  cervical  and  lumbar  cord,  are  put 
at  once  into  the  special  fixatives.  For  Marchi  and  Weigert  preparations  and  for 
nuclear  and  general  staining,  the  bulk  of  the  brain  and  cord  mav  be  placed  in  Miil- 
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ler’s  fluid,  or  in  Orth’s  mixture  for  twenty-four  to  forty-eight  hours,  followed  by 
Midler’s  fluid.1 

The  Pitres- Nothnagel  Method. — The  lateral  ventricles  are  opened  as  described; 
the  pons  and  cerebellum  are  severed  by  section  of  the  peduncles;  the  cerebrum  is 
divided  by  a vertical  section  (longitudinal)  through  the  median  line — the  third 
ventricle;  'each  half  of  the  cerebrum  is  then  incised  from  above  downward,  trans- 
versely to  its  long  axis,  and  as  nearly  as  may  be  parallel  with  the  fissure  of  Ro- 
lando: (i)  5 cm.  in  front  of  fissure  of  Rolando;  (2)  through  posterior  margin  of  the 


Fig.  si 7- — Chisels. 

If  only  one  is  to  be  purchased,  the  lowest  will  be  of  most  use. 

frontal  convolutions;  (3)  through  ascending  frontal  convolution;  (4)  through  ascend- 
ing parietal  convolution;  (5)  3 cm.  posterior  to  fissure  of  Rolando;  (6)  1 cm.  in  front 
of  parieto-occipital  sulcus. 

The  fixation  of  each  of  these  sections  completed,  serial  sections  are  made  from 
each  area.  While  much  more  tedious  and  requiring  greater  care,  this  method  per- 
mits of  reconstruction  and  the  adaptation  of  parts  so  as  to  follow  fillets,  or  paths, 
with  a precision  not  possible  by  the  cruder  methods. 

For  demonstrating  the  condition  of  the  blood-vessels  at  the  sacrifice  of  everything 
else,  the  brain  may  be  gently  washed  away  and  the  blood-vessels  floated  out  in  a 
basin  of  water. 


facility  with  which  the  cord  may  be  cut  transversely,  thereby  avoiding  the  objectionable  oblique 
incision  which  is  usually  secured  when*  the  ordinary  knife  is  used  for  the  same  purpose. 


The  Spinal  Cord. — -The  body  is  turned  upon  the  abdomen,  and  blocks  are  so  ar- 
ranged as  to  arch  the  vertebral  column.  As  this  procedure  may  cause  leakage  of 
fluids  in  a body  already  opened  anteriorly,  it  may  be  best,  in  private  postmortems, 
to  examine  the  cord  first;  after  the  body  is  turned  on  the  back,  little  if  any  fluid 
should  escape  through  a properly  closed  posterior  incision.  An  incision  is  then 
made  through  the  skin,  over  the  spinous  processes,  extending  from  the  occiput  to 
the  sacrum,  and  the  muscles,  fasciae,  etc.,  detached  from  the  vertebrae  so  as  to  expose 
the  laminae  on  both  sides.  These  are  then  sawed  through',  the  saw  being  held  par- 
allel with  the  spinous  processes  and  near  the  junction  of  the  laminae  and  pedicles. 
The  section  extends  from  the  second  vertebra  to  the  sacrum.  The  excised  strip  is 
now  removed,  the  chisel  or  bone-cutting  forceps  being  used  as  aids  if  necessary.2 

1 For  formulas  see  chapter  on  Histologic  Technic. 

2 Chavigny  (La  Presse  Medicale,  July  20,  1904,  p.  460)  describes  an  ingenious  lever  device  for  re- 
moving the  spinous  processes  and  laminas.  I have  never  used  it,  but  Letulle  writes  me  that  it  is  a useful 
appliance. 
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Inspect  the  meninges  and  remove  these  with  the  cord,  carefully  detaching,  with  a 
sharp  knife,  the  nerve-roots  as  they  pass  out  of  the  canal.  The  lower  end  of  the 
cord,  with  its  membranes,  is  first  detached,  and  the  removal  continued  from  below 
upward.  During  the  removal  of  the  cord,  whatever  traction  may  be  necessary 
should  be  made  on  the  meninges  only,  and  traction  on,  or  crushing  of,  the  cord 
should  be  carefully  avoided.  After  removal  of  the  cord  examine  bodies  of  verte- 
bras; dissect  out  and  preserve  a number  of  the  intervertebral  ganglia.  Open  the 
dura  in  the  median  line  posteriorly  and  examine  the  cord  by  making  transverse 
incisions  x to  2 cm.  apart. 

The  examination  of  the  joints  and  bones  of  the  skeleton  may  have  preceded  the 
visceral  examination,  but  ordinarily  it  is  deferred  until  that  has  been  completed. 

P 


Fig.  519. — Scalpel  with  Blade  Shaped  Somewhat  like  a Bistoury. 

Useful  in  removing  the  brain  and  spinal  cord.  The  aneurysm  needle  and  tenaculum  shown  are  useful  at 

times,  but  are  not  essential. 

Sometimes  it  is  desirable  to  obtain  bone-marrow  without  fracturing  or  otherwise 
severing  the  continuity  of  the  bone.  This  is  best  accomplished  by  two  saw-cuts 
parallel,  4 or  5 cm.  apart,  and  extending  a little  over  half-way  through  the  bone;  by 
means  of  a chisel  this  block  of  bone  is  split  out,  bringing  with  it  the  marrow.  A 
block  of  wood  may  be  slipped  into  the  space  occupied  by  the  piece  of  bone  removed, 
and,  where  this  fits  tightly,  bringing  the  tissues  together  over  it  will  usually  prevent 
the  occurrence  of  a fracture  during  the  ordinary  handling  of  the  body. 

The  removal  of  the  salivary  glands  is  not  often  demanded.  The  sublingual  and 
submaxillary  glands  may  ordinarily  be  removed  by  the  method  already  (described 
when  considering  the  larynx  and  pharynx.  A portion  of  the  parotid  gland  can  some- 


Fig.  520. — Double  Saw  (Rachiotome)  for  Sawing  through  the  Laminae  of  Both  Sides  at  Once. 

It  saves  time  and  labor,  but  equally  good  work  can  be  done  without  it. 

times  be  removed  by  dissecting  the  skin  down  from  the  temporal  region  anteriorly, 
and  below  the  incision  already  advised  for  exposing  the  skull. 

By  Letulle’s  method 1 the  neck  and  the  thoracic  and  abdominal  cavities  are  evis- 
cerated en  masse  and  the  subsequent  examination  of  the  organs  begun  and  to  a 
large  degree  completed  while  they  are  still  attached  together.  To  accomplish  this, 
the  preliminary  incisions,  including  opening  the  abdominal  cavity,  are  those  for 
which  directions  have  already  been  given  (pp.  1017  to  ioig).  A long  knife  is  passed 
upward  through  the  floor  of  the  mouth,  separating  the  tissues  from  the  inner  surface 
of  the  inferior  maxilla;  the  uvula  and  palatine  arches  are  freed  from  their  osseous 
attachments.  The  posterior  wall  of  the  pharynx  is  detached  from  the  subjacent 

1 I have  taken  some  minor  liberties  with  Letulle’s  plan,  which  to  one  having  a thorough  knowledge 
of  anatomy  and  some  experience  in  postmortem  work,  I think  can  be  strongly  recommended. 
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bone  and  pulled  downward.  The  large  arterial  trunks  in  the  neck  and  the  subcla- 
vian vessels  are  divided;  the  entire  mass  is  now  pulled  downward,  the  section  being 
made  close  to  the  vertebrae  until  the  diaphragm  is  reached.  This  structure  is  incised 
along  the  ribs  and  vertebrae,  and  by  keeping  close  to  the  posterior  abdominal  wall, 
the  evisceration  is  completed.  When  the  floor  of  the  pelvis  is  reached,  the  incision 
in  the  male  differs  from  that  used  in  the  female.  In  the  former  the  bladder  is  dis- 
sected from  the  anterior  abdominal  wall  and  pubis,  after  which  a long  knife  is  thrust 
downward  under  the  pubic  bone,  and,  with  the  scrotum  fulled  upward,  is  made  to 
emerge  at  the  perineoscrotal  margin  near  the  median  line,  from  which  point  it  is 
carried  around  the  sides  of  the  pelvic  outlet  in  such  a manner  as  to  remove  anus  and 
pelvic  floor;  where  permissible,  the  penis  and  testes  may  be  retracted  and  removed 
with  the  mass.  In  America,  at  least,  this  excision  of  the  external  genitalia  will 
rarely  be  permitted,  and  hence  the  incision  had  best  pass  through  the  bulbous  por- 
tion of  the  urethra,  allowing  that  structure  to  be  removed  with  the  bladder,  rectum, 
and  other  viscera.  In  the  female  the  knife,  thrust  down  from  above,  emerges  at  the 
side  of  the  vulva  and  is  carried  around  the  anus,  similar  incisions  being  made  on  each 
side;  th,e  two  incisions  are  joined  above  the  vulva  and  the  dissection  from  the  pubic 


Fig.  S2i. — Perineal  Incision  for  Removing  Anus,  Bladder,  etc.,  in  the  Male.  ( Letulle .) 

bone  completed.  The  umbilical  attachments  should  be  severed  before  evisceration 
is  begun;  in  the  infant  it  is  well  to  cut  around  and  excise  the  umbilicus  and  its 
vessels;  this  is  not  necessary  in  the  adult. 

The  anterior  relations  of  the  organs  may  have  been  described  before  evisceration; 
usually  this  course  is  to  be  recommended.  After  removal  the  mass  is  laid  upon  its 
anterior  surface  and  the  examination  continued  in  the  following  order:  (i)  Large 
and  small  azygos  veins.  (2)  The  thoracic  duct,  including  the  receptaculum;  the 
former  is  detached  throughout  its  extent  from  the  receptaculum  to  its  junction  with 
the  vein.  (3)  Examine  and  remove  the  adrenals.  (4)  Isolate  the  ureters.  (5)  Dis- 
en gage  the  kidneys,  exposing  the  arteries  and  veins  which,  after  examination,  should 
be  sectioned,  using  care  not  to  wound  the  pelvis  or  ureter.  The  kidneys  are  then 
laid  down  on  either  side,  the  ureteral  connections  with  the  bladder  being  maintained. 
(6)  Open  the  abdominal  and  thoracic  aorta  from  the  iliac  vessels  upward.  (7)  Open 
the  vena  cava.  (8)  Raise  and  pull  to  one  side  the  abdominal  aorta  and  cava,  expos- 
ing  the  trunk  of  the  portal  vein  and  its  larger  branches,  and  open  them.  (9)  Expose 
the  common  duct,  dissecting  upward  to  the  cystic  and  hepatic  ducts,  which  should 
also  be  brought  into  view.  (10)  Expose  the  posterior  surface  of  the  pancreas,  which 
may  now  be  examined;  the  organ,  however,  should  not  be  detached  from  the  duo- 
denum until  examination  of  the  intestine  has  been  completed.  (11)  The  aorta  is 
cut  transversely  at  the  level  of  the  renal  arteries  and  dissected  upward  to  the  arch. 
(12)  Raise  the  esophagus  near  its  middle,  dissecting  downward  to  the  cardia  and 
upward  to  the  pharynx.  (13)  Examine  the  organs  from  the  mouth  and  pharynx. 
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including  the  palate,  tonsils,  tongue,  and  sublingual  glands.  (14)  Separate  the 
upper  attachments  of  the  esophagus,  which  may  be  ligated  at  its  upper  or  lower 
end,  whichever  in  a given  case  seems  desirable.  (15)  Examine  the  epiglottis  and 
open  the  larynx;  at  this  time  the  laryngeal  nerves  may  be  dissected.  (16)  Examine 
and  open  the  trachea  and  primitive  bronchi  by  continuing  downward  the  incision 
already  made  in  the  larynx.  (17)  Expose  and  examine  the  pulmonary  pedicle, 
not  incising  the  vessels,  which  are  opened  later.  (18)  Free  the  cervico-thoracic 
portion  of  the  pneumogastric  nerve.  (19)  The  lymph-nodes  of  the  posterior  part 
of  the  body.  This  completes  the  posterior  examination.  The  mass  is  now  turned 
over,  being  careful  to  retain  the  normal  relations. 

The  examination  of  the  organs  from  the  anterior  surface  is  conducted  in  the  fol- 
lowing order:  (1)  Examine  and  remove  the  thymus.  (2)  Isolate  and  remove  the 
thyroid  gland,  noting  its  relation  to  the  trachea  and  the  presence  or  absence  of  a 
pyramidal  lobe.  The  possibilities  of  aberrant  masses  of  thyroid  tissue  should  be 
borne  in  mind  during  the  subsequent  examination  of  the  mediastinal  structures. 
(3)  Open  the  superior  vena  cava  and  its  branches.  (4)  Examine  the  freshly  opened 
veins  for  the  mouth  of  the  thoracic  duct.  (5)  Open  and  inspect  the  pericardium. 


Fig.  522. — Perineal  Incision  for  Removing  the  Rectum,  Anus,  and  Reproductive  Organs  of  the 

Female.  ( Letulle .) 


(6)  Examine  the  cardiac  plexus  of  nerves.  (7)  Examine  the  arch  of  the  aorta,  noting 
its  relation  to  the  pulmonary  trunk  and  branches.  Cut  through  the  aorta  at  the 
cardiac  end  of  the  incision  already  made  in  the  arch.  (8)  Expose  and  open  the  pul- 
monary trunk  and  branches  to  the  entrance  of  the  latter  into  the  lung.  (9)  Expose 
and  open  the  extrapulmonary  part  of  the  pulmonary  veins.  (10)  Complete  the 
examination  of  the  pulmonary  pedicle,  examining  the  peribronchial  glands,  at 
which  time  the  lungs  may  be  separated,  although  usually  this  is  done  after  the  heart 
is  removed.  (11)  External  examination  of  the  heart.  (12)  Cut  the  pulmonary 
arteries  and  aortic  arch  and  finally  the  veins  entering  the  auricles;  remove  the  heart. 
(13)  Section  the  pulmonary  pedicles  and  remove  the  lungs.  (14)  Complete  exam- 
ination of  the  diaphragm.  (15)  Examine  the  liver,  gall-bladder,  and  cystic  duct; 
excise  the  liver.  (16)  Remove  the  spleen.  (17)  Isolate  and  examine  externally 
the  stomach,  duodenum,  and  pancreas,  ligating  the  jejunum  at  its  origin  and  bring- 
ing with  the  mass  the  already  isolated  esophagus.  (18)  Examine  and  remove  the 
ileum  and  large  intestine  from  above  downward,  essentially  as  already  directed  on 
page  1027.  (19)  Complete  the  removal  of  the  mass  containing  the  esophagus,  stom- 

ach, pancreas,  and  duodenum;  open  esophagus,  stomach,  and  duodenum;  examine 
relations  of  latter  to  pancreas;  examine  pancreatic  ducts  and  complete  examination 
of  pancreas.  (20)  Complete  the  examination  of  the  peritoneum,  including  the  mes- 
entery, etc.  (21)  Complete  the  examination  of  the  urinary  organs,  including  the 
kidneys,  ureters,  bladder,  and  urethra.  (22)  Examine  (A)  prostate,  seminal  ves- 
icles, and  ducts,  or  (B)  tubes,  broad  ligaments,  ovaries,  vulva,  vagina,  and  uterus. 

In  order  to  make  a bacteriologic  examination,1  a Bunsen  burner,  alcohol  lamp, 

1 As  to  the  value  of  bacteriologic  examinations  postmortem,  see  Chvostek  and  Egger  (Wien.  klin. 
Woch.,  1897,  x,  3),  Achard  and  Phulpin  (Arch.  de  Med.  Exp.,  vii,  i,  p.  25),  Simmonds  (Virchows  Archiv, 
1904,  Bd.  clxxv,  H.  3),  Gradwohl  (Annales  de  l’lnst.  Pasteur,  Dec.  25,  1904,  p.  767). 
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or  other  means  of  sterilizing  instruments  is  necessary.  Cover-glasses,  cover-glass 
forceps,  platinum  wire,  various  culture  media,  and  labels  will  be  needed.  To  secure 
material  not  contaminated  by  accident,  it  is  necessary  to  enter  all  cavities  through 
a previously  sterilized  field.  The  disinfection  of  the  area  is  best  accomplished  by 
heat.  In  order  to  secure  inoculations  from  the  peritoneum,  it  will  be  necessary, 
as  soon  as  the  wound  in  the  abdominal  wall  approaches  the  cavity,  to  sear  the  sur- 
face with  a hot  scalpel,  or,  what  is  better,  a spatula;  the  searing  must  be  thorough; 
through  the  seared  surface,  with  instruments  kept  sterile  by  frequent  passage  through 
the  flame,  the  wound  is  cautiously  extended  until  the  cavity  is  reached.  At 
once  inoculations  and  cover-glass  spreads  are  made.  In  a like  manner  the  pleura 
may  be  opened  through  an  intercostal  space.  Inoculations  from  the  interior  of 
the  pericardium  are  best  obtained  by  cautiously  searing  the  fold  raised  as  already 
directed  (p.  1020),  and  puncturing  with  a hot  knife  orscissors.  To  secure  blood  from 
the  heart,  a part  of  the  surface  is  sterilized  by  searing  with  a hot  iron,  or  one  of  the 
great  vessels  may  be  similarly  treated  and  opened,  using  for  this  purpose  a hot 
knife  or  scissors.  A platinum  loop  may  then  be  thrust  into  the  cavity,  and  inocula- 
tions and  spreads  made  in  the  usual  manner.  As  soon  as  the  skull  cap  is  removed 
the  dura  should  be  seared,  punctured  with  a sterile  knife  or  scissors,  and  cultures 
and  spreads  obtained  from  beneath.  By  using  a sterile  hypodermic  syringe  fluids 
may  be  obtained  from  cavities  without  opening.  The  skin  is  thoroughly  sterilized, 
preferably  by  searing  or  where  this  is  not  permissible,  by  chemical  agents,  the  hypo- 
dermic needle  thrust  into  the  cavity,  and  a specimen  withdrawn..  Jn  this  manner 


Fig.  523. — Bone-Cutting  Forceps. 

These  are  not  absolutely  essential,  but  will  be  convenient.  They  should  be  long — not  less  than  is  cm. 


blood  may  be  withdrawn  from  the  heart,  and  fluids  from  serous  cavities  including 
the  spinal  cord  (by  lumbar  puncture),  joints,  unopened  abscesses,  and  even  the  skull 
including  the  ventricles.  When  the  skull  is  to  be  entered,  the  scalp,  or  surface 
after  reflecting  the  flaps,  is  rendered  sterile,  the  bone  drilled  using  a sterile  drill, 
and  the  needle  introduced  through  the  drill  hole.  In  a like  manner  inoculations 
may  be  obtained  from  the  marrow  of  other  bones. 

Systematizing  the  Description. — In  considering  organs  a definite  field  or  plan 
should  be  adopted.  Of  course,  this  will  be  quite  often  varied,  but  it  has  the  advan- 
tage of  occupying  no  more  time  than  any  other  method,  and  assures  a systematic 
record  which  makes  all  postmortems  comparable.  The  following  is  advised,  although 
each  worker  will  probably  acquire  a routine  of  his  own:  (1)  Malposition,  and,  if 
out  of  place,  is  the  malposition  congenital  or  acquired,  and  what  influence  has  it 
had  on  the  position  or  function  of  other  organs:  e.  g.,  a misplaced  right  kidney  may 
press  upon  the  duodenum  or  bile-duct  or  upon  both.  After  removal  it  is  too  late  to 
determine  such  facts,  which  may  be  of  the  highest  importance  in  explaining  symp- 
toms. (2)  Malformations.  (3)  Make  measurements  of  the  organ  and  weigh  it;  as 
the  organ  can  be  weighed  only  after  removal,  and  as  the  removal  severs  its  connec- 
tion with  the  body,  note  must  be  made  of  color,  consistency,  density,  and  shape — 
the  latter  being  outlined  when  the  measurements  are  made — and  a full  description 
°f  jjs  external  appearance  must  be  given;  at  the  time  of  severing  its  attachments  the 
Jullness  of  the  blood-vessels,  the  presence  or  absence  of  edema,  and,  if  it  possesses  a 
duct,  the  condition  and  contents  of  that  structure,  must  all  be  recorded.  What- 
ever observations  are  to  be  made  with  regard  to  the  ducts  of  organs  should  be  com- 
pleted before  severing  their  connections.  These  studies  enable  one,  to  a certain 
extent,  to  record  the  presence  or  absence  of  the  following  points,  which  come  next 
m order.  (4)  Atrophy,  including  hypoplasia  or  aplasia.  (5)  Hypertrophy,  including 
lyperplasia.  (6)  Infiltration.  (7)  Degeneration.  (8)  inflammations,  including 
acute  infections.  (9)  Lesions  of  systems:  (a)  vascular ; (b)  lymphatic;  (c)  nervous. 
(10)  Chronic  infections,  (n)  Tumors.  (12)  Parasites.  If  the  steps  indicated  be 
followed,  but  little  will  be  overlooked. 
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As  soon  as  an  organ  is  incised  pieces  should  be  removed  and  fixed  for  microscopic 
study;  the  records  may  be  completed  after  the  microscopic  examination  is  finished. 

Restoration  of  the  Body. — The  cavities  opened  are  wiped  dry.  Openings  in  the 
neck  likely  to  drain  into  the  mouth,  and  defects  in  the  pelvic  floor,  had  best  be 
closed  preferably  by  suture  and  by  packing  with  gauze  or,  what  is  still  better,  gauze 
pads  containing  bran.  Such  pads  may  also  be  used  for  re-establishing  the  contour 
of  the  body,  preventing  collapse  of  the  sternum,  and,  if  the  larynx  and  trachea  have 
been  removed,  may  be  used  for  restoring  the  rotundity  of  the  neck.  The  breast- 
plate is  replaced  and  loosely  attached  in  position  by  lateral  sutures.  The  incision 
in  the  anterior  median  line  is  now  closed.  If  just  before  the  last  stitches  are  tight- 
ened 300  or  400  c.c.  of  formalin  is  poured  into  the  body  cavity,  its  absorption  by 
the  brain  will  greatly  retard  decomposition. 

The  Head. — The  brain  should  rarely  be  returned  to  the  skull  cavity,  as  it  rapidly 
softens  and  forms  a semifluid  material  that  tends  to  escape  in  spite  of  the  usual 
precautions.  The  cranial  cavity  may  be  loosely  packed  with  paper,  cotton,  or  bran 
pads,  or  oakum,  which  I believe  is  the  best.  Many  ingenious  methods  have  been 
devised  for  retaining  the  calvaria  in  position.  If  the  temporal  angles  are  broken 


Fig.  524. — Postmortem  Needles. 

These  should  be  8 to  15  cm.  long  and  correspondingly  heavy. 

out  with  a chisel,  usually  there  is  enough  beveling  to  prevent  lateral  displacement. 
This  is  particularly  true  if  the  temporal  fascia  and  muscle  above  and  below  the  line 
of  incision  are  sutured  tightly.  Where  a circumferential  cut  has  been  made,  it  is 
best  to  fasten  the  skull  cap  in  position  by  wire  sutures  introduced  through  drill-holes 
in  the  temporal  and  occipital  regions.  Where  the  ordinary  V-cut  recommended  on 
page  1029  is  employed,  Slee’s  ingenious  method  will  be  found  useful.  The  anterior 
saw-cut  is  extended  1 or  2 cm.  backward  in  each  temporal  region;  the  posterior  cut 
is  projected  forward  in  a like  manner.  Through  these  two  slits  narrow  roller  band- 
ages are  passed,  the  calvaria  replaced,  and  the  bandages  carried  upward,  drawn 
tightly  over  the  convexity,  and  pinned  in  two  places.  The  skin  flaps  are  then  re- 
placed and  sutured.  The  spinal  canal  is  wiped  dry,  loosely  packed  with  cotton,  saw- 
dust, bran,  or  candle-wicking,  the  bone  replaced,  and  the  skin  sutured  in  position. 

Preservation  of  Tissues. — The  substance  commonly  used  for  the  preservation  of 
specimens  has  been  alcohol;  with  this  reagent  color  is  lost,  density  altered,  and  con- 
tour indifferently  retained.  Of  late  formalin1  has  been  adopted  as  a routine  pre- 
serving agent,  the  strength  commonly  used  being  ten  parts  of  the  commercial  article 
and  ninety  parts  of  water.  Specimens  preserved  in  formalin  may  be  carried  into 
Muller’s  fluid  for  examination  of  the  nervous  tissues  and  may  also  be  treated  by 
Marchi’s  method  for  the  demonstration  of  fat.  They  are  better  adapted  to  histo- 
logic examination  than  specimens  preserved  in  alcohol,  but  for  cytologic  study  com- 
pare unfavorably  with  specimens  fixed  by  approved  agents  to  be  mentioned  under 
Histologic  Technic.  For  the  brain,  spinal  cord,  and  peripheral  nerves  Orth’s  fluid 
is  generally  used.  Muller’s  fluid  is  prepared  as  follows: 


Potassium  bichromate 2.5  gm. 

Sodium  sulphate  1 . o gm. 

Water 100.0  c.c. 


Orth’s  fluid  is  prepared  by  adding — just  before  using — 10  c.c.  of  formalin  to  100  c.c. 
of  Muller’s  fluid.  The  solution  must  be  changed  at  the  end  of  twenty-four  to  forty- 
eight  hours,  and  by  the  third  or  fourth  day  had  best  be  replaced  by  Muller’s  fluid. 
Large  masses,  such  as  the  brain,  require  a longer  time  and  should  be  freely  incised 
when  the  solution  is  first  changed.  Orth’s  fluid,  like  that  recommended  by  Muller, 
darkens  the  tissue,  alters  its  macroscopic  appearance,  and  is  ill-adapted  to  material 
intended  for  gross  demonstration  or  museum  exhibition. 

Organs  or  specimens  not  too  large  (one  kilo)  can  be  preserved  in  formalin  vapor 
by  placing  them  on  a bed  of  cotton  in  an  air-tight  jar,  previously  moistening  the 
cotton  with  pure  formalin,  and,  for  the  first  few  days,  keeping  the  specimen  covered 
by  filter-paper  moistened  with  formalin. 

1 Formalin  is  a proprietary  article — a forty  per  cent,  aqueous  solution  of  formaldehyde  gas.  The 
original  formalin  was  expensive,  but  equally  efficient  solutions,  under  other  names — as  formalose,  formol — - 
can  be  obtained  now  at  a price  making  preservation  by  this  method  cheaper  than  by  alcohol. 
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For  the  preservation  of  color  no  method  yields  results  comparable  to  those  ob- 
tained by  that  devised  by  Kaiserling,  of  which  many  modifications  have  been  sug- 
gested.1 Two  solutions  are  necessary: 


Solution  A. 


Formalin  250  c.c. 

Nitrate  of  potassium  10  gm. 

Acetate  of  potassium  30  gm. 

Water  1 liter. 


Solution  B. 


Acetate  of  potassium 200  gm. 

Glycerin  400  c.c. 

Water 2000  c.c. 


Thymol  to  Saturation. 


As  formalin  hardens  tissues  and  renders  subsequent  changes  in  shape  difficult, 
if  not  impossible,  the  specimen  to  be  preserved  is  assembled  and  arranged  exactly 
as  it  is  to  be  exhibited.  Remove  adhering  blood  by  a hurried  rinsing  in  cold  water, 
the  macerating  and  decolorizing  action  of  which  must  be  avoided.  Immerse  in 
solution  A.  The  time  of  exposure  to  the  action  of  this,  the  fixing  solution,  varies 
widely;  opened  intestine  is  adequately  fixed  in  one  or  two  hours,  a kidney  or  lung 
requires  about  twenty-four  hours.  Large  organs,  for  example,  solidified  lungs, 
livers,  and  large  tumors,  usually  require  incision;  the  sections  or  slabs  should  rarely 
exceed  10  to  15  cm.,  in  thickness;  after  the  requisite  time  transfer  to 
fresh  solution  A for  an  equivalent  period.  Wash  in  running  water  for  fifteen 
minutes  to  one  hour  and  immerse  in  eighty  per  cent,  alcohol  until  the  color  re- 
appears; transfer  to  ninety-five  per  cent,  alcohol  to  complete  the  development. 
While  immersed  in  alcohol  the  specimen  should  be  frequently  examined  and  as 
soon  as  the  color  restoration  is  satisfactory  it  must  be  transferred  to  solution  B. 
If  allowed  to  remain  too  long  in  alcohol  the  color  fades  and  is  irretrievably  lost. 
The  continued  action  af  any  residual  alcohol  contained  in  the  specimen  and  diffused 
into  the  first  jar  of  solution  B can  be  avoided  by  again  transferring  the  specimen  or 
changing  the  final  preservative-solution  B — which  should  at  all  times  be  kept 
saturated  with  thymol.  Specimens  prepared  by  the  method  just  given  are  prone 
to  fade;  the  loss  of  color  appears  to  be  due  to  the  macerating  and  solvent  action 
of  solution  B,  probably  to  the  water.  Final  imbedding  in  gelatin  and  also  paraffin 
oil  reduce  decolorization  to  a minimum. 

By  the  gelatin  method  the  final  mount  is  made  in  a medium  composed  of  eight 
to  ten  per  cent,  gelatin  dissolved  in  the  final  preservative  (solution  B)  rendered 
slightly  acid  by  the  addition  of  acetic  acid  (4  c.c.  to  the  liter)  clarified  by  whites 
of  eggs  (two  to  the  liter)  added  when  the  temperature  is  not  above  50°  C.,  and 
boiled  for  five  to  ten  minutes;  filter  and  keep  in  stock  bottles.  As  soon  as  the 
medium  is  cold  place  a crystal  of  thymol  in  each  bottle,  remove  the  lump  of  thymol 
before  remelting  for  use.  Specimens  to  be  imbedded  should  be  removed  from  the 
final  preservative  (solution  B)  and  immersed  in  the  freshly  liquefied  gelatin  at 
about  450  C.  to  50°  C.  and  containing  0.5  c.c.  to  0.75  c.c.  of  formalin  per  100  c.c.  of 
gelatin.  The  top  of  the  gelatin  is  covered  by  a layer  of  paraffin  and  the  lid  of  the 
jar  secured  in  position. 

Browntree2  introduced  paraffin  oil  for  the  final  mounting.  After  development 
in  alcohol  specimens  are  transferred  to  a solution  consisting  of  sodium  acetate  20 
gm.,  glycerin  and  water  500  c.c.  After  two  or  three  days  transfer  to  pure  glycerin 
for  an  equal  period  and  finally  into  paraffin  oil. 

Specimens  prepared  by  the  Kaiserling  method  may  be  preserved  without 
fluid  in  air-tight  jars  containing  a lump  of  thymol.  Littlejohn  recommends  this 
method  for  the  preservation  of  stomachs  from  cases  of  corrosive  sublimate,  carbolic 
acid,  and  creosote  poisoning,  which  may  be  kept  indefinitely  in  air-tight  jars, 
bacterial  growth  being  prevented  .by  the  poison  contained  in  the  specimen. 

Small  cysts,  such  as  those  of  the  echinococcus,  are  best  preserved  in  a ten  per 
cent,  aqueous  solution  of  chloral. 


1 See  papers  by  Coplin  and  also  Herring  (Jour.  Amer.  Med.  Assoc.,  August  13,  1904);  Watters 
(N.  Y.  Med.  Jour.,  August  23,  1902,  also  Bulletin  of  the  International  Medical  Museums,  No.  2,  1909); 
paper  by  M.  E.  Abbott  (Amer.  Med.,  April  4,  1903)  on  the  Classification  of  Museum  Specimens; 
also  the  writer’s  papers  in  the  Proceed,  of  the  Path.  Soc.  of  Philadelphia,  1903-1904  and  1904-1905. 
For  the  Dangers  of  Formol  see  Spitzka  (Science,  July  17,  1903,  p.  87). 

2 Arch.  Middlesex  Hosp.,  vol.  x.,  p.  51.  - 
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Fixation.-  Sections  of  the  fresh  tissue  may  be  cut  either  free-hand  or  by  means 
of  Valentine  s knife,  which  consists  of  two  parallel  blades  of  the  utmost  sharpness, 
separated  from  each  other  by  a small  aperture  just  as  wide  as  the  section  is  to  be 
thick.  Both  methods  are  unsatisfactory  and  are  rarely  used.  Fresh  tissue  may 
be  cut  bv  freezing,  as  will  be  directed  later,  but  for  a satisfactory  study  of  cell  chem- 
istry and  morphology,  and  tissue  architecture,  it  is  especially  important  to  subject 
the  material  to  the  action  of  some  agent  which  will  destroy  all  vitality,  arrest 
metabolic  and  lytic  processes,  and  prevent,  as  nearly  as  possible,  all  those  post- 
mortem changes  which  lead  to  chemic  and  structural  alteration.  This  process  is 
called  fixation  and  the  agents  used  fixatives.  The  following  are  especially  commended : 

(а)  Chromo-aceto-osmic  acid  mixture  (Flemming’s  solution).  For  this  solution 
keep  on  hand  the  following  stock  solutions,  and  make  up  for  use  as  wanted,  in  the 
proportion  given: 

c,  , , , . . , , , , Quantity  needed,  to  make 

Stock  solution  to  be  kept  on  hand.  up  Flemming' s solution. 

i per  cent,  aqueous  solution  of  chromic  acid  25  volumes 

1 per  cent,  aqueous  solution  of  osmic  acid  ........  xo  volumes. 

1 per  cent,  aqueous  solution  of  acetic  acid  .10  volumes! 

^ater volumes. 

All  the  water  used  in  making  the  stock  solutions  or  the  final  mixture  must  be 
distilled,  and  all  containers  should  be  chemically  clean  and  dust-free. 

Fixation  of  small  pieces  will  be  complete  in  from  one-half  to  two  hours,  although 
a longer  time  may  do  no  injury.  A period  beyond  a few  hours,  however,  is  likely 
to  make  the  tissues  brittle.  After  fixation,  wash  thoroughly  in  water.  This  is 
best  accomplished  by  washing  in  flowing  water  for  at  least  six  hours.  Proceed  to 
embed  at  once  or  preserve  in  seventy  per  cent,  alcohol  until  needed. 

(б)  Platino-aceto-osmic  mixture  (Hermann).  Like  the  foregoing,  it  is  best 
freshly  prepared: 


Stock  solutions  to  be  kept  on  hand. 

1 per  cent,  aqueous  solution  of  platinic  chlorid 

2 per  cent,  aqueous  solution  of  osmic  acid 

Glacial  acetic  acid 


Quantity  needed  to  make 
up  above  solution. 

IS  volumes. 

2 volumes. 

1 volume. 


This  solution  is  used  as  already  directed  for  Flemming’s  solution,  and  should  be 
followed  by  the  same  careful  washing.  Tissue  so  prepared  may  be  treated  as  already 
directed  for  tissue  prepared  in  Flemming’s  solution. 

(c)  The  most  useful  fixing  agent  for  general  use  is  corrosive  sublimate.  In 
solution  it  keeps  well  and  fixes  thoroughly,  although  for  pure  cell  study  the  fore- 
going solutions  are  probably  better.  Heidenhain’s  solution  is  prepared  by  dis- 
solving 125  gm.  of  corrosive  sublimate  in  a liter  of  0.5  per  cent,  solution  of  sodium 
chlorid  in  water.  The  solution  of  the  corrosive  sublimate  being  effected  in  the 
boiling  salt  solution,  on  cooling  its  crystals  are  thrown  down,  but  are  again  taken 
up  as  the  solution  is  used  over.  Small  pieces  of  tissue  fix  in  this  solution  in  from 
one-half  to  two  hours.  The  used  solution  is  filtered  back  into  the  stock  solution, 
and  the  tissue  washed  in  water  or,  what  is  better,  seventy  per  cent,  alcohol.  A 
little  experience  soon  enables  one  to  infer  when  the  stock  solution  has  become 
exhausted.  The  fixing  solutions  of  Zenker,  Petrunkevitch,  and  Bensley  are  also 
excellent  for  routine  work. 


Petrunkevitch’ s Solution.  Bensley’ s Solution. 

Alcohol,  absolute, 200  c.c.  Potassium  bichromate,  1%  aque- 

Water, 300  c.c.  ous  solution, 

Glacial  acetic  acid,  90  c.c.  Corrosive  sublimate,  saturated  al- 

Nitric  acid,  pure  cone 10  c.c.  coholic  solution 

Corrosive  sublimate 55  gm.  Glacial  acetic  acid 

The  ingredients  should  be  kept  separately  and  mixed  when  needed. 


50  c.c. 

So  c.c. 
S c.c. 


1 In  the  present  edition  of  this  book  there  have  been  inserted,  whenever  their  importance  seemed  to 
demand  it,  such  technical  directions  as  may  be  necessary  for  the  demonstration  of  special  reactions  or 
methods.  When  searching  for  directions  bearing  on  some  point,  the  index  should  be  consulted  No 
attempt  can  be  made  in  such  a work  as  this  to  go  into  the  subject  of  histologic  technic  with  elaborate  detail 
A few  methods  can  be  taught,  it  is  believed,  thoroughly;  but  for  further  detail  as  to  special  methods  the 
student  had  best  familiarize  himself  with  that  best  of  all  books  for  the  worker  with  the  microscope  The 
Microtomist's  Vade-mecum,  by  Arthur  Bolles  Lee.  See  also  references  on  p.  1013. 
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The  tissues  are  transferred  from  either  of  these  solutions  to  seventy  per  cent, 
alcohol  containing  a trace  of  iodin;  this  should  be  changed  frequently  and  the 
specimens  kept  in  seventy  per  cent,  alcohol  until  needed.  Zenker’s,  Bensley’s, 
and  Orth’s  fluids  require  from  twelve  to  twenty-four  hours  for  fixation;  the  tissues 
should  then  be  washed  in  running  water  and  preserved  in  alcohol.  Tissues  fixed 
in  mercurial  solutions  contain  crystals  which  must* be  removed,  as  they  obscure 
the  microscopic  picture,  and,  I am  inclined  to  belieye,  corrosive  sublimate  left  in 
a specimen  renders  it  more  dense,  and  with  hard  structures  such  as  fibrous  tissue 
and  masses  of  unstriped  muscle  (uterus),  the  intense  hardening  may  prevent 
satisfactory  sectioning.  The  corrosive  sublimate  may  be  removed  after  sectioning 
(p.  1045)  or  during  the  process  of  dehydration;  if  the  seventy,  eighty,  and  ninety 
per  cent,  alcohols  are  faintly  tinged  (light  canary  yellow)  by  the  addition  of  iodin, 
the  sections  will  contain  no  mercurial  precipitate;  the  iodin  must  be  thoroughly 
removed  in  subsequent  alcohols,  otherwise  the  tissues  become  brittle. 

In  fixing  by  any  of  the  above  methods,  the  tissue  should  be  in  small  pieces, 
not  larger  than  0.5  to  1 cm.  cube.  The  quantity  of  the  fluid  used  should  be  abun- 
dant, and  exceed  several  times  the  volume  of  the  tissue  to  be  fixed. 

For  the  preparation  of  tissue  containing  nerves,  or  the  central  nervous  system, 
nothing  has  been  more  generally  used  than  bichromate  of  potassium.  It  is  used 
in  two  to  five  per  cent,  aqueous  solutions,  or  as  Muller’s  or  Orth’s  fluids  (p.  1037); 
it  also  enters  into  Zenker’s  and  Erlicki’s  solutions,  the  former  much,  and  the  latter 
but  little  used. 

Zenker’s  Solution.  Erlicki's  Solution. 

Corrosive  sublimate,  2.5  gm.  Potassium  bichromate 2gm... 

Muller’s  fluid, 100.0  c.c.  Copper  sulphate 1 08  gm. 

Just  before  using  add  Water, 100.0  c.c. 

Glacial  acetic  acid 5 • ° c.c. 

Orth’s  and  Erlicki’s  fluids  fix  and  harden  much  more  rapidly  than  Muller’s 
fluid  alone;  in  either  of  these  solutions  a spinal  cord  would  require  but  two  or 
three  weeks,  or  even  less,  while  with  Muller’s  fluid  a much  longer  time  is  necessary. 

Alcohol  is  sometimes  used  as  a fixative.  To  be  efficient  it  must  be  as  nearly 
absolute  as  possible.  Weaker  solutions  give  rise  to  easily  recognized  and  quite 
characteristic  artifacts.  When  rapid  fixation  and  coincident  dehydration  are 
desirable,  a saturated  alcoholic  solution  of  corrosive  sublimate  may  be  used.  For 
the  demonstration  of  bacteria  in  tissue,  fixation  by  alcohol  is  permissible;  it  has, 
however,  no  advantages  over  corrosive  sublimate,  even  for  this  purpose,  and  is 
always  associated  with  a very  grave  disadvantage,  in  that  one  desiring  to  study 
the  nuclei  may  find  that  the  fixative  has  not  properly  preserved  them. 

Alcohol  is  largely  used  as  a dehydrating  agent  and  for  the  preservation  of  tissues 
during  the  interval  between  fixation  and  the  final  steps  in  the  embedding  process. 
It  is  the  ideal  agent  for  neither  purpose,  but  for  the  present  it  seems  to  be  the  best 
that  we  possess. 

SECTION  CUTTING. 

Infiltration  Methods. 

1.  Paraffin. — After  fixing  and  washing  as  already  directed,  the  tissue  to  be 
infiltrated  is  dehydrated  by  passing  through  alcohols  of  increasing  strength — 


Fig.  525. 

Flat-iron-shaped  copper  table,  which  may  be  used  for  paraffin  infiltration  as  well  as  for  the  fixation  of  blood 
films.  If  a Bunsen  burner  be  placed  under  the  tip  of  the  sharpest  corner,  to  the  right  of  the  single 
leg,  and  the  strip  be  heated  to  a constant  temperature,  so  that  the  extreme  end  from  the  burner  may 
be  cold,  any  degree  of  temperature  between  the  cooler  part  and  that  part  over  the  burner,  which  is 
practically  red-hot,  may  be  obtained.  As  shown  in  the  cut,  a small  paraffin  dish  is  placed  over  a 
spot  where  the  paraffin  is  kept  barely  melted. 

seventy  per  cent.,  twenty-four  hours;  eighty  per  cent.,  twenty-four  hours;  ninety 
per  cent.,  twenty-four  hours;  absolute,  twenty-four  hours.  The  time  specified 
is  for  blocks  1 cm.  in  thickness;  smaller  pieces  require  proportionately  shorter 
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pcnods.  As  alcohol  does  not  mix  with  paraffin,  it  must  be  displaced  by  some 
paratnn  solvent.  For  this  purpose  numerous  reagents  have  been  used,  such  as 
chloroform  turpentine,  xylol,  toluol,  benzol,  cedar  oil,  and  many  allied  bodies. 
Several  of  these  alter  the  tissues;  probably  all  of  them  do  slightly,  but  the  least 
objectionable  is  cedar  oil.  From  absolute  alcohol  the  tissue  is  carried  into  the 
c earing  agent,  preferably  cedar  oil,  and,  to  make  the  change  gradual,  the  cedar 
oil  is  diluted  with  an  equal  part  of  absolute  alcohol;  after  twenty-four  hours’ 
treatment  m this  mixture  the  tissue  is  transferred  to  pure  cedar  oil  for  twenty- 


Block  of  hard  wood  or  of  rubber  fiber  as  usually 
received  in  the  laboratory. 


Fig.  527. 

Same  block  as  figure  526,  with  comers  properly 
trimmed  to  receive  paraffin  or  celloidin  for 
embedding. 


four  hours,  and  then  to  cedar  oil  containing  sufficient  paraffin  to  thicken  it  per- 
ceptibly; twenty-four  hours  later  the  specimen  is  placed  in  melted  paraffin,  the 
melting-point  of  which  should  be  50°  C.  in  summer  and  450  C.  in  winter.  ’ The 
paraffin  should  be  kept  as  near  the  melting-point  as  possible  and  for  this  purpose 
a paraffin  oven  and  a 'thermoregulator  are  useful.  After  from  two  to  twenty- 
four  hours,  depending  upon  the  size  of  the  block,  the  tissue  is  transferred  to  fresh 
paraffin  at  the  same  temperature,  in  which  it  is  kept  from  two  to  twenty-four 
hours.  The  gentle  heat,  continuously  applied,  displaces  the  cedar  oil  and  permits 
the  paraffin  to  infiltrate  the  interstices  of  the  tissues.  One  end  of  a wooden  block 
66 
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about  a 2-cm.  cube — is  warmed  over  a Bunsen  burner  and  dipped  in 

melted  paraffin.  It  is  then  wrapped  with  a strip  of  paper  4 cm.  wide, 
so  that  the  paper  projecting  from  the  warmed  and  coated  end  of  the  block 
forms  a well  sufficiently  deep  to  receive  the  block  of  tissue.  The  block  of  tissue 
is  then  placed  in  position  at  the  bottom  of  the  well,  arranged  to  cut  to  the  best 
advantage,  and  melted  paraffin  poured  in  until  the  well  is  filled.  This  is  allowed 
to  cool  and  the  paper  is  then  removed.  The  paraffin  is  now  gray,  appears  granu- 
lar, and  is  said  to  be  in  the  crystalline  form;  if  put  in  a warm  place — care  being 
taken  that  it  is  not  warm  enough  to  melt  the  paraffin — it  soon  becomes  trans- 
parent, or,  it  is  said,  the  paraffin  becomes  amorphous,  homogeneous,  or  hyaline. 

The  block  is  now  ready  to  cut.  It  is  trimmed  down  nearly  to  the  tissue,  each 
side  being  cut  so  as  to  present  a surface  square  to  the  knife,  the  general  aspect 
of  the  block  being  that  of  a truncated  pyramid.  The  paraffin  trimmed  off  is 
remelted,  and  may  be  used  many  times.  The  block  is  clamped  in  the  holder  of 


Fig.  529- 


Paper  (A,  A,  A,  A)  properly  wrapped  around  block  (C),  with  block  of  tissue  (B)  to  be  embedded,  ready  for 
pouring  the  paraffin  in  and  completing  the  cast.  After  the  cast  cools  (see  text)  the  paper  is  removed 
and  the  paraffin  is  trimmed,  as  shown  in  figure  530,  carefully  avoiding  the  block  of  tissue,  which  should 
be  thoroughly  covered  by  the  paraffin  at  all  points. 


the  microtome  so  that  the  cutting-edge  of  the  knife  strikes  squarely  against  its 
whole  length;  the  knife  is  so  arranged  that  it  cuts  like  a chisel,  and  not  with  a 
drawing  motion.  To  get  the  best  sections,  the  paraffin  must  be  of  the  proper 
temperature,  as  this  determines  the  density;  in  summer  the  block  may  have  to 
be  cooled  by  ice;  in  winter  it  may  require  warming. 

The  most  important  factor  in  paraffin  infiltration  is  thorough  dehydration 
and  clearing.  Absolute  or  approximately  absolute  dehydration  is  necessary  in 
order  to  secure  penetration  of  the  clearing  agent — cedar  oil,  xylol,  or  whatever 
it  may  be.  If  the  pieces  of  tissue  are  small,  the  stages  of  the  process  may  be 
shortened.  Tissue  kept  too  long  in  strong  alcohol  or  in  the  clearing  agent  or 
paraffin  (warm)  not  infrequently  becomes  brittle.  The  occurrence  of  this  con- 
dition should  lead  the  worker  to  shorten  the  stages  sufficiently  to  overcome  the 
difficulty.  When  osmic  acid  methods  have  been  used  for  the  purpose  of  determin- 
ing the  presence  of  fat,  the  clearing  agent  and  paraffin  may,  under  some  conditions, 
partly  remove  the  fat.  In  osmic  acid  preparations,  when  the  fat  is  to  be  retained, 
celloidin  infiltration  is  to  be  preferred. 

It  will  be  seen  that  the  foregoing  process  requires  days,  and  to  overcome  this 
objection  Reeves  has  recommended  the  following:  (1)  Fix  in  saturated  alcoholic 
solution  of  corrosive  sublimate  for  one  hour.  By  this  method  fixation  and  dehy- 
dration go  on  together;  (2)  absolute  alcohol,  one  hour;  (3)  xylol,  one  hour.  As 
xylol  has  a very  low  volatilizing  point,  it  quickly  evaporates  in  the  paraffin  bath, 
and  permits  the  rapid  penetration  of  the  paraffin;  it  is  kept  one  hour  in  the  first 
paraffin  and  one  hour  in  the  second,  when  it  is  cast.  In  order  to  prevent  crystalliza- 
tion the  paraffin  cast  may  be  plunged  into  icewater  as  soon  as  its  surface  has  cooled 
sufficiently  to  form  a thin  film;  the  cooling  may  be  facilitated  by  holding  the  block 
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nnL°+Jie  *n  win*e/  or  gently  blowing  upon  it  in  summer.  The  cast  is 

t-miQt  1 ^me<^  anc^  cut.  ^ course,  the  pieces  of  tissue  to  be  prepared  in  this  way 
„„  very  small  not  over  0.5  cm.  in  thickness — and  the  results  cannot  be 

+.  ne.  as  comparable  to  the  slower  method  already  described.  Lubarsch’s 
mexnoa  is  rapid  and  satisfactory,  comprising  the  following  steps:  (1)  Formalin 


The 


Fig.  531. — Naple’s  Paraffin  Bath  for  Infiltrating  Tissues  in  Paraffin. 
apparatus  consists  essentially  of  a series  of  receptacles  for  holding  the  melted  paraffin  with 
ing  water-bath  retained  at  an  even  temperature  by  a thermoregulator.’ 


a surround- 


ten  per  eent.,  five  minutes;  (2)  alcohol  ninety-five  per  cent.,  five  minutes;  (2)  absolute 
alcohol  changed  once,  ten  minutes;  (4)  anilin  oil  until  clear,  fifteen  to  twenty 
minutes;  (5)  xylol  changed  twice  or  thrice,  fifteen  minutes;  (6)  melted  paraffin  ten 
to  thirty  minutes.  Stages  (x)  to  (4)  inclusive  at  a temperature  of  =co°  C.  to  C2'0  C • 
stages  (5)  and  (6)  58°  C.  to  6o°  C.  With  the  exception  of  formalin  fixation  this 
method  is  satisfactory. 


Fig.  532.  Forceps  Convenient  for  Handling  Cover-glasses,  Blocks  of  Tissues  and  Sections 

Mounting  Paraffin  Sections.— If  the  sections  be  properly  cut  and  the  infiltration 
has  been  satisfactory,  they  adhere,  forming  chains  or  ribbons  as  they  come  away 
or  each  section  may  be  removed  from  the  knife  as  rapidly  as  cut,  using  a short 
sable  brush  for  the  purpose.  To  insure  thin  sections,  the  knife  must  be  of  the  utmost 
sharpness.  Before  the  sections  are  cut  it  is  best  to  prepare  the  slips  to  receive 
them.  The  slips  or  slides  are  thoroughly  cleansed  -with  alcohol  and  dried  using 
toilet-paper  or  a soft  cloth  for  that  purpose.  Place  on  the  center  of  the  slide  a 

1 Stein,  New  York  Med.  Jour.,  May  2,  1908,  p.  829. 
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very  small  quantity— less  than  a drop — of  Mayer’s  albumin,  and  with  a perfectly 
clean  finger  wipe  it  off.  This  leaves  an  almost  imperceptible  layer  of  the  albumin. 
On  this  place  a few  drops  of  water — enough  to  float  the  section  just  clear  of  the 
albumin — and  place  the  section  on  the  water;  gently  warm  the  slide,  being  careful 
not  to  melt  the  paraffin;  as  the  section  warms  it  straightens,  all  folds  and  wrinkles 
disappearing.  Now  carefully  pour  off  the  excess  pf  water,  and  the  section  falls 
upon  the  layer  of  albumin,  to  which  it  adheres.  Mayer’s  albumin  is  composed  of 


Fig.  533.— Laboratory  Microtome.  « 

Can  be  used,  as  shown  in  the  cut,  for  celloidin  sections;  an  attachment  for  freezing  may  be  substituted  for 
the  clamp  shown  in  the  illustration  immediately  below  the  knife.  For  paraffin  blocks  the  knife  must 
be  turned  with  its  cutting-edge  at  a right  angle  to  the  plane  of  the  knife-carrier. 

egg-albumen  (white  of  egg)  and  glycerin,  of  each  ioo  c.c.,  to  which  one  gram  of 
salicylate  of  sodium  has  been  added  to  aid  the  glycerin  in  preserving  the  albumin; 
after  thoroughly  mixing,  the  mass  is  filtered  through  paper — a process  requiring 
weeks.  The  albumin  fixes  the  section  to  the  slide,  so  that  it  may  be  taken  through 
the  subsequent  processes  without  danger  of  becoming  detached.  After  the  section 
has  been  drained  of  the  water  upon  which  it  was  floated  to  facilitate  flattening, 


it  is  placed  in  a drying  oven  to  get  rid  of  any  remaining  water.  In  ordinary  work 
where  no  great  haste  is  demanded  the  slide  may  be  placed  in  some  warm  place, 
protected  from  the  dust,  until  perfectly  dry.  After  drying,  which  may  require 
from  four  to  twenty-four  hours,  the  slide  is  gently  warmed  until  the  paraffin  just 
melts,  and  no  more;  it  is  then  thrust  into  ordinary  kerosene,  or,  what  is  slightly 
better  but  much  more  expensive,  xylol;  either  of  these  quickly  removes  the  paraffin, 
usually  requiring  less  than  fifteen  minutes;  wipe  off  the  excess  of  xylol,  rinse  the 
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amount  in  alcohol,  and  place  the  slide  in  that  liquid  until  the  xylol  is  removed 
From  the  alcohol  the  section  is  stained  as  will  be  directed  later.  If  the  tissue  was 
fixed  in  a solution  containing  mercury  this  must  be  removed  by  treating  the  section 
with  tincture  of  iodin,  in  which  it  is  immersed  for  fifteen  minutes;  it  is  then  washed 
with  a few  drops  of  alcohol  and  placed  in  a jar  of  alcohol,  from  which  it  is  removed 
for  staining  when  desired.  If  the  block  of  tissue  was  carried  through  iodized  alcohol, 
the  section  need  not  be  treated  with  the  tincture. 

2.  Celloidin  Infiltration. — Celloidin  is  a proprietary  product  first  used  in  photog- 
raphy, and  is  nothing  more  than  a nonexplosive  gun-cotton.  As  used,  it  is  dis- 
solved in  equal  parts  of  alcohol  and  ether,  thus  making  a collodion  that,  so  far  as  the 


Fig.  535. — Minot  Microtome. 

Two  sizes  of  the  instrument  are  made : the  illustration  is  of  the  smaller  size.  A corrugated  metal  plate  in 
the  original  model  is  intended  to  receive  the  block  of  tissue  which  is  cemented  on  by  the  use  01  melted 
paraffin.  The  writer  has  found  this  extremely  difficult  and  tedious,  and  has  devised  a clamp,  shown, 
in  the  cut,  which  replaces  the  complicated  orienting  attachments  and  grasps  the  block  shown  in 
figure  530,  without  the  necessity  of  cementing  the  tissue  to  the  microtome. 


author  can  observe,  has  no  advantage  over  a good  collodion  made  from  gun-cotton. 
The  alcohol  used  for  this  purpose  should  be  absolute;  solution  is  facilitated  by  plac- 
ing the  celloidin  in  a tightly  stoppered  bottle — a citrate  of  magnesia  bottle  is  recom- 
mended— and  pouring  on  the  absolute  alcohol,  which  should  be  allowed  to  remain  in 
contact  with  the  celloidin  for  twenty-four  hours,  when  an  equal  volume  of  ether  is 
added.  By  this  method  solution  is  rapidly  completed.  As  ordinarily  used,  two 
solutions  are  needed — one  a thick,  syrupy  solution,  and  a second  thin  solution  made 
by  diluting  the  thick  solution  with  an  equal  quantity  of  absolute  alcohol  and  ether. 
The  tissue  to  be  infiltrated  is  fixed  and  dehydrated  as  already  described  for  paraffin; 
it  is  then  placed  for  twenty-four  hours  in  a mixture  of  equal  parts  of  alcohol  and 
ether.  From  this  the  tissue  is  transferred  to  the  thin  solution  of  celloidin.  The 
best  results  are  obtained  by  leaving  the  mass  for  infiltration  several  days  in  this  solu- 
tion, when  it  is  placed  for  an  equal  length  of  time  in  the  thick  solution.  A block 
is  then  soaked  in  alcohol  and  ether  for  one  or  two  hours  or  longer,  and  one  end  is 
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coated  with  celloidin  and  wrapped  in  paper,  as  already  directed  for  paraffin.  Into 
the  well  the  infiltrated  piece  of  tissue  is  placed,  arranged  as  desired  for  cutting,  and 
the  thick  celloidin  solution  is  poured  over  it;  the  mass,  which  is  now  said  to  be 
cast,  is  placed  under  a lightly  fitting  bell-jar  or  cover  until  the  celloidin  begins  to 
set,  when  it  is  thrown  into  eighty  per  cent,  alcohol  for  hardening.  At  the  end  of 
twenty-four  hours  it  will  be  sufficiently  hard  for  cutting,  but  may  be  kept  indefinitely 
in  the  alcohol  and  cut  when  desired.  Unlike  paraffin,  celloidin  must  be  cut  with 
the  microtome  knife  at  an  angle  to  the  block— that  is,  with  a drawing  motion — -and, 
while  paraffin  is  cut  with  a perfectly  dry  knife,  celloidin  must  be  cut  with  a knife 
kept  flooded  with  eighty  per  cent,  alcohol.  Each  section  is  removed  from  the  knife 
as  cut  and  is  transferred  to  eighty  per  cent,  alcohol,  in  which  it  may  be  preserved 
until  wanted  for  use.  The  great  advantage  claimed  for  celloidin  is  that,  unlike 
paraffin,  it  need  not  be  dissolved  before  the  section  is  stained.  Dyes  such  as  carmin 
and  hematoxylin  may  be  used,  the  celloidin  holding  the  sections  together  during 
manipulations  incident  to  staining. 


A.  Three  tubes  for  admitting  air  to  interior.  At  D are  three  similar  exit  tubes.  B.  Shelves  upon  which 
slides  are  placed  at  the  student’s  desk,  from  which,  after  labeling  each  slide  and  placing  under  the 
slides  a piece  of  paper  with  his  name  and  desk  number,  he  places  the  tray  in  the  oven.  C.  Thermom- 
eter. E.  Thermoregulator.  F.  Water-gage.  G.  Cock  for  emptying  the  water  space.  The 
temperature  of  the  oven  should  never  reach  the  melting-point  of  the  paraffin,  and  had  best  be  between 
37  C.  and  40°  C. 

Gilson' s Method. — A satisfactory  method  of  celloidin  infiltration  is  that  devised 
by  Gilson,  in  which,  after  dehydration  and  treating  with  the  alcohol  and  ether 
mixture,  the  tissue  is  placed  in  a test-tube  containing  several  cubic  centimeters  of 
thin  celloidin  solution ; after  a few  days  in  the  thin  celloidin,  the  test-tube  is  immersed 
in  a water  or  paraffin  bath  at  about  420  C.,  at  which  temperature  the  solvents 
(alcohol  and  ether)  rapidly  evaporate,  thereby  hastening  penetration  and  increas- 
mg  the  density  of  the  infiltrating  mass.  When  the  solution  has  evaporated  to  about 
one-third  its  original  bulk,  it  is  turned  out  and  cast  as  in  the  slow  process.  The 
hardening  of  the  block  is  greatly  facilitated  and  results  are  improved  by  hardening 
m chloroform.  The  chloroform  process  is  applicable  to  blocks  that  have  been  in- 
filtrated either  by  the  slow  or  by  the  rapid  method. 

As  soon  as  possible  after  the  cast  is  made  the  mass  is  placed  in  a desiccator  or 
sieve  dish,  or  in  a bottle  containing  a teaspoonful  of  chloroform  and  having  a tightly 
fatting  stopper.  A support  is  arranged  above  the  chloroform,  on  which  the  block 
to  be  hardened  placed,  and  the  vessel  is  then  tightly  closed.  From  two  to  twelve 
hours  will  be  sufficient  for  the  hardening,  after  which  the  block  is  placed  in  a mixture 


HISTOLOGIC  METHODS. 


IO47 


of  cedar  oil  two  parts  and  chloroform  one  part;  more  cedar  oil  is  added  from  time 
to  time  until  nearly  pure  cedar  oil  is  attained.  The  sections  are  cut  dry,  as  in 
the  paraffin  method.  The  block  may  be  preserved  indefinitely  in  the  cedar  oil.1 
After  cutting,  the  sections  are  washed  in  alcohol  in  order  to  remove  the  cedar  oil, 
and  may  then  be  stained. 

Sections  obtained  by  the  celloidin  embedding  and  infiltration  process  may  be 
secured  to  the  slide  by  ether  vapor  or  by  a very  thin  layer  of  celloidin.  The  best 


Fig.  537. — Needles  and  Brush  Suitable  for  Handling  Sections. 


method  is  to  float  the  section  on  to  the  slide,  blotting  it  carefully  with  bibulous 
paper,  and,  from  a bottle  containing  a small  quantity  of  ether,  to  pour  the  vapor 
upon  the  section.  This  will  sufficiently  soften  the  celloidin  to  make  it  adhere  to  the 
slide  during  the  subsequent  manipulation.  It  is  to  be  remembered  that  celloidin 
sections  must  be  kept  moist  throughout  the  entire  course  of  their  preparation.  Dry- 
ing them  is,  as  a rule,  injurious,  if  not  destructive. 


Fig.  538. — Dish  for  Removing  Paraffin  and  Corrosive  Sublimate  and  for  Dehydrating. 

May  also  be  used  for  staining,  and  for  the  same  purposes  as  the  Stender  dish.  After  the  sections  are 
cemented  on  the  slide  the  slides  are  placed  back  to  back  and  slipped  down  in  the  groove,  as  shown  at 
B at  the  bottom  of  the  dish.  If  the  slides  are  thin,  the  dish  will  hold  ten  at  one  time. 

3.  Freezing  and  congelation  methods2  require  a satisfactory  freezing  micro- 
tome of  which  several  are  available;  liquefied  carbon  dioxide  is  a convenient  freezing 
agent,  although  the  ether  spray  and  even  salt  and  ice  may  be  used.  Pieces  of  tissue, 
unfixed,  approximately  10  mm.  or  12  mm.  square  and  3 mm.  to  5 mm.  in  thickness, 
may  be  immersed  in  a syrupy  solution  of  dextrine  in  water,  frozen  in  the  microtome 
drum,  sectioned,  transferred  to  normal  saline  or  water,  and  straightened  out.  A 

1 Since  the  publication  of  the  preceding  edition  of  this  manual  the  writer  has  known  of  considerable 
difficulty  due  to  softening  of  the  celloidin  when  preserved  in  cedar  oil.  The  cause  of  this  unfortunate  com- 
plication was  not  at  first  discovered.  It  would  appear  that  the  success  of  the  method  depends  upon  the 
quality  of  the  cedar  oil.  Mayer  has  recently  informed  Harris  that  cedar  oil  prepared  by  Schimmel  did  not 
in  the  least  affect  the  celloidin. 

2 Wolff,  Zeitsch.  f.  wissensch.  Mikroscopie,  Bd.  xxv,  1908.  Wilson,  Jour.  Amer.  Med.  Assoc.,  Decem- 
ber 2,  1905,  p.  1737,  also  St.  Paul  Med.  Jour.,  May,  1910.  Shaw,  Lancet,  Sept.  24,  1910,  p.  939. 
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clean  slide  is  immersed  under  the  section  which  is  thereby  lifted  out;  the  excess  of 
fluid  is  drained  off  and  a few  drops  of  Unna’s  polychrome  methylene  blue,  or  carbol 
thionin,  are  dropped  on  the  section,  a cover-glass  applied,  and  the  excess  of  stain 
absorbed  by  the  edge  of  a clean  blotter  or  filter  paper  pressed  close  to  the  edge'of 
the  cover.  The  mount  may  be  examined  at  once.  Somewhat  better  sections  may 
be  obtained  if  the  specimen  is  immersed  in  ten  per  cent,  formalin  for  a few  minutes; 
this  is  often  possible  during  the  passage  of  tissue  from  operating  room  to  laboratory. 
When  time  is  not  a factor  any  fixation  method  is  applicable;  if  alcohol  has  been 
used  it  must  be  removed,  preferably  by  water,  before  freezing  is  attempted;  metallic 
fixing  agents  are  corrosive  and  consequently  injure  metal  parts  of  microtomes  and 
greatly  prolong  the  technic;  formalin  is  without  these  objections.  Sections  removed 
from  the  microtome  knife  may  be  passed  into  water,  separated,  one  selected, 
lifted  on  slide,  flooded  with  alcohol,  and  transferred  to  water  on  which  it  floats  and 
straightens  out,  and  from  which  it  can  be  lifted  on  a slide  and  stained  with  any  of 
the  dyes  mentioned,  with  hematoxylin  and  eosin,  or  Mayer’s  carmalum. 

Remarks  on  the  Foregoing  Processes. — For  small  pieces  of  tissue  the  paraffin 
method  is  best;  thinner  sections  can  be  cut,  and  the  method  of  cementing  them  on 
the  slide  makes  handling  most  convenient.  It  is  commonly  stated  that  large 
blocks  cannot  be  sectioned  by  the  paraffin  method;  this  is  true  in  part  only.  A 
specimen  0.5  cm.  in  thickness  and  2 cm.  square  may  be  infiltrated  thoroughly,  and, 
under  favorable  conditions,  with  a good  modern  microtome,  should  yield  sections 
not  over  5 ii  thick,  and  in  skilled  hands  they  may  be  cut  even  thinner.  For  large 
specimens,  such  as  an  eye  or  an  entire  kidney,  and  for  tissues  from  the  brain,  spinal 
cord,  or  larger  nerve-trunks,  celloidin  is  often  advantageous,  and  is  generally  deemed 
necessary  for  most  methods  used  in  staining  myelin.  After  using  the  freezing 
method  to  a very  large  extent  for  about  fifteen  years,  the  author  is  thoroughly  con- 
vinced that  it  is  not  to  be  recommended  for  routine  work;  in  the  clinical  laboratory 
it  is  permissible.  The  ice  crystals  that  form  in  freshly  frozen  tissue  break  up  the 
cells  and  give  results  that  may  mislead  the  most  experienced  investigator.  The 
distortion  of  structure  incident  to  the  use  of  congelation  masses,  their  macerating 
properties,  and  the  difficulty  in  removing  the  infiltrate,  render  them  objectionable. 


STAINING  AND  MOUNTING. 

General  Remarks. — As  a rule,  it  is  best  for  the  novice  to  work  with  one  stain 
until  he  is  familiar  with  it;  and  before  combining  two  or  more  stains  it  is  best  to 
familiarize  himself  with  the  action  of  each  stain  when  used  alone.  The  beginner 
should  remember  that  there  are  two  principles  involved  in  staining:  (1)  When  a 
stain  shows  unusual  selectivity  in  certain  bodies,  such  as  cell  nuclei,  it  is  allowed  to 
act  long  enough  to  color  the  desired  bodies  only;  its  action  is  then  stopped  and  the 
preparation  of  the  mount  continued.  (2)  The  stain  is  permitted  to  act  until  every- 
thing that  will  receive  the  color  is  stained,  and  then  some  agent  is  applied  that  differ- 
entiates certain  elements  by  removing  the  stain  from  other  structures.  Thus,  acid 
alcohol  is  used  to  differentiate  in  carmin  staining,  and  water  after  hematoxylin. 
Alcohol  or  water,  either  of  which  may  be  used  with  or  without  acidulation,  are  also 
used  to  differentiate  with  the  anilin  dyes.  The  objection  'to  examining  sections 
unstained  is  that  no  one  structure  is  prominent;  and  if  everything  in  the  section  be 
uniformly  colored,  nothing  is  gained  by  the  staining.  For  this  reason  differentiation 
is  more  or  less  applicable  to  all  stains.  After  differentiation,  or  in  some  instances 
simultaneously  with  this  process,  dehydration  is  necessary  in  order  to  proceed  with 
the  next  step — clearing  the  section.  The  process  of  clearing  is  necessary  in  order 
to  examine  the  section  by  transmitted  light.  Clearing  also  makes  the  application 
of  a permanent  medium,  such  as  xylol  balsam,  possible. 

The  clearing  agents  mentioned  in  the  preceding  and  following  pages  are  not  all 
applicable  under  all  circumstances.  The  best  clearing  fluids  are  xylol,  cedar  oil, 
creasote,  and  possibly  one  or  two  other  agents  having  more  or  less  special  uses. 

Carmin  and  Hematoxylin. — The  two  stains  most  frequently  used  in  laboratory 
work  are  carmin  and  hematoxylin.  Strongly  alkaline  stains,  such  as  lithium  carmin, 
are  no  longer  commended;  the  same  is  true  of  bulk  staining.  The  carmin  most  useful 
in  the  laboratory  is  Grenadier’s  alcoholic  borax-carmin : 

Alcoholic  Borax-carmin. 

Carmin  (best  No.  40) , parts 

Borax . .' . .' .’ . .’ .' . .' .’ .' . . . . . . . . 4 parts. 

Mix  thoroughly,  pulverize  in  a mortar,  and  add  too  parts  of  water;  boil  for  half  an  hour; 
add  an  equal  bulk  of  seventy  per  cent,  alcohol;  set  aside  for  one  week,  and  then  filter. 
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3C  enouSh  s^ain  "t°  the  section  on  the  slide  abundantly  to  cover 

it,  and  allow  the  dye  to  act  for  from  five  to  ten  minutes  or  longer.  Drain  off  the 
excess  of  stain,  wipe  around  the  section  with  paper  or  soft  cloth,  and  apply  acid 
alcohol. 


Acid  Alcohol. 

Hydrochloric  acid r part 

Alcoh°i 7Q X 

The  section,  as  soon  as  the  acid  alcohol  is  applied,  turns  from  a purplish-red  to 
a light  crimson,  and  becomes  more  nearly  transparent;  it  is  then  washed  in  strong 
alcohol,  the  excess  wiped  from  around  the  section,  and  the  latter  is  covered  with 
creasote.  The  alcohol  dehydrates  and  removes  the  acid,  which  is  the  differentiating 
agent,  and  the  creasote  renders  the  section  clear  for  examination  by  transmitted 
light.  As  soon  as  the  section  is  clear  remove  the  excess  of  creasote,  apply  a drop 
of  balsam,  and  cover  with  a thoroughly  cleansed  cover-glass;  label  the  section.  It 
will  now  keep  indefinitely. 

One  of  the  best  carmin  stains  is  Mayer' s carmalum.  This  is  made  by  dissolving 
1 gm.  of  carminic  acid  and  10  gm.  of  alum  in  200  c.c.  of  distilled  water,  using  heat 
if  necessary.  In  order  to  preserve  the 
solution  add  0.1  per  cent,  of  salicylic 
acid,  or  0.5  per  cent,  of  salicylate  of 
sodium.  The  solution  is  clarified  by 
decanting  or,  better,  by  filtration.  The 
great  advantage  of  this  solution  lies  in 
the  fact  that  it  is  almost  impossible  to 
overstain  with  it,  and  by  careful  wash- 
ing and  differentiation  practically  all 
intermediate  degrees  of  staining  can  be 
obtained.  It  may  be  differentiated  in 
acid  alcohol,  as  already  directed  for 
borax-carmin,  or,  if  the  alcohol  used  for 
the  subsequent  dehydration  be  strongly 
tinted  by  the  addition  of  picric  acid,  the 
combined  action  of  the  two  stains  (the 
carmin  being  a nuclear  stain  and  the 
picric  acid  a protoplasmic  stain)  will 
afford  one  of  the  best  general  stains 
found  in  the  laboratory.  Picric  acid 
may  be  used  in  the  same  way  with 
borax-carmin,  but  the  result  is  not  so 
satisfactory. 

Hematoxylin  Staining. — The  classic 
form  of  this  stain  is  Delafield’s,  made  as 
follows:  Dissolve  4 gm.  of  hematoxylin 
crystals  in  25  c.c.  of  strong  alcohol;  add 
this  solution  to  400  c.c.  of  a cold,  filtered, 

saturated  aqueous  solution  of  ammonia  alum;  expose  to  light  and  air  for  several 
days.  Filter,  and  add  glycerin  100  c.c.  and  methyl  alcohol  100  c.c. 

Allowed  to  stand  in  the  light,  with  the  bottle  loosely  corked,  this  mixture  turns 
dark  purple,  almost  black;  it  is  then  to  be  filtered  and  kept  in  tightly  stoppered  bot- 
tles. For  use  it  should  be  much  diluted;  the  amount  of  dilution  must  be  deter- 
mined for  each  lot,  varying  with  the  degree  of  oxidation  and  with  the  age  of  the 
stain.  If  made  with  distilled  water,  and  provided  that  all  vessels  and  containers 
are  kept  chemically  clean,  this  stain  keeps  for  years.  The  objection  to  this  stain 
lies  in  the  fact  that  it  requires  time  for  ripening,  and  hence  cannot  be  made  and  used 
at  once.  Harris  overcame  this  difficulty  by  artificially  oxidizing  the  hematoxylin 
into  hematein.  Harris's  hematoxylin  is  prepared  by  dissolving  one  gram  of  hem- 
atoxylin in  10  c.c.  of  alcohol  and  adding  the  resulting  solution  to  200  c.c.  of  distilled 
water  in  which  20  gm.  of  ammonia  or  potassium  alum  have  previously  been  dissolved. 
The  fluid  is  placed  in  a flask  and  rapidly  heated  to  boiling,  at  which  time  1 gm. 
of  mercuric  oxid  is  added.  The  solution  at  once  darkens  (ripens)  and  should  be  rap- 
idly cooled  in  running  water;  the  stain  is  now  ready  for  use,  but  should  be  diluted. 
From  this  stock  solution  an  acid  glychcemalum  may  be  prepared  by  adding  4 c.c.  of 
glacial  acetic  acid  and  30  c.c.  of  glycerin  to  70  c.c.  of  the  stock  hematoxylin  solution. 
This  acid  hematoxylin,  strongly  resembling  Ehrlich’s  acid  hematoxylin  and  Mayer’s 


Fig.  S3  9- — Dropping- 

BOTTLE  WITH 

Barnes’s  Dropper, 
Which  Closes  the 
Mouth  of  the 
Bottle  Like  a 
Rubber  Stopper. 
These  bottles  are  usu- 
ally of  one  ounce 
capacity,  and  are 
convenient  for  hold- 
ing stains  and  stain- 
ing reagents. 


Fig.  s4°. — Proper  Size 
Labels  for  Labeling 
Microscopic  Slides. 
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acid  hemalum,  has  the  great  advantage  that  it  is  almost  impossible  to  overstain 
with  it. 

To  use  the  hematoxylin  of  Delafield  or  Harris  the  sections  cemented  on  the  slide, 
as  already  directed,  or  in  the  case  of  celloidin  loose  sections,  are  covered  with  the 
diluted  stain  for  from  five  to  fifteen  minutes,  washed  in  water,  dehydrated  in  alcohol, 
cleared  with  creasote,  and  mounted  in  balsam  as  directed  in  the  last  steps  for  carmin, 
except  that  differentiation  is  secured  by  the  use  of  water,  and  not  by  acid  alcohol. 
A better  stain  is  secured  by  taking  enough  distilled  water  in  a bottle  or  staining  dish 
to  immerse  the  slide  on  end;  to  this  add  sufficient  hematoxylin  to  tinge  the  water 
rather  deeply;  the  sections,  cemented  on  the  slide,  are  left  in  this  overnight  (or  even 
for  twenty-four  hours),  washed  in  water,  and  treated  as  previously  directed.  Hem- 
atoxylin not  only  stains  the  nucleus,  but  also  affords  a light  tint  to  the  protoplasm. 
This  latter,  however,  can  be  better  secured  by  using  eosin.  After  the  section  is 
stained  in  hematoxylin  and  washed  in  water,  the  excess  of  the  water  is  removed  and 
the  section  is  treated  for  a moment  in  an  alcoholic  solution  of  eosin  (0.5  per  cent.) 
followed  by  alcohol  and  creasote,  and  is  then  mounted  in  balsam.  The  nuclei  are 
stained  purple  by  the  hematoxylin  and  the  cell  protoplasm  pinkish  by  the  eosin. 
This  makes  a very  fair  contrast  stain,  and  brings  out  some  elements  not  shown  by 
the  hematoxylin.  In  addition,  it  shows  red  blood-corpuscles  to  advantage,  the 
eosin  staining  hemoglobin  intensely.  Picric  acid  may  be  used  with  hematoxylin 
to  advantage,  particularly  if  the  sections  are  thick  or  if  they  are  overstained  in 
the  hematoxylin.  After  washing  the  hematoxylin  stain  thoroughly  in  distilled  water, 
the  subsequent  dehydration  is  accomplished  by  the  use  of  alcohol  coataining  a 
trace  of  picric  acid.  The  nuclear  stains  obtained  by  this  method  are  sharp,  and 
the  yellowish  protoplasmic  tints  are  beautifully  transparent;  unfortunately  the 
mmediate  result  is  not  permanent. 

For  routine  work  I am  unfamiliar  with  any  contrast  stain  superior  to  that  sug- 
gested by  Van  Gieson.  Various  strengths  have  been  recommended,  but  the  follow- 
ing, which  may  be  further  diluted  with  picric  acid  if  necessary,  will  be  found  satis- 
factory: 


Van  Gieson’ s Solution. 

Acid  fuchsin,  1 per  cent,  aqueous  solution -15  c.c. 

Picric  acid,  saturated  aqueous  solution,  50  c.c. 

Water 50  c.c. 

Sections  are  stained  deeply  with  hematoxylin,  washed  in  water,  treated  with  the 
above  solution  for  from  one  to  four  or  five  minutes,  rapidly  dehydrated,  cleared, 
preferably  in  xylol,  and  mounted  in  xylol  balsam.  The  connective  tissue  is  red  or 
pinkish-red,  the  cell  protoplasm  of  a yellowish  tinge,  and  the  nuclei  a dark  brownish 
or  reddish-purple.  In  properly  fixed  preparations  containing  nerve-fibers  the  axis- 
cylinders  stain  red.  The  stain  is  not  permanent. 

Anilin  Dyes. — In  addition  to  the  use  of  these  agents  for  staining  bacteria,  they 
have  become  important  and  useful  adjuvants  in  certain  microchemic  reactions, 
which  are  referred  to  under  special  headings  throughout  the  book;  and  also  for 
general  stains.  For  practical  purposes  the  anilin  dyes  may  be  divided  into  two 
groups : 

1.  Basic  group,  in  which  the  staining  property  is  due  to  the  base  present  in  the 
compound. 

2.  Acid  group,  in  which  the  staining  property  is  due  to  the  acid  principle. 

The  basic  colors  are,  as  a rule,  sharp  nuclear  stains,  while  the  acid  dyes  stain, 
more  or  less  diffusely,  the  protoplasm  in  the  cell.  As  a rule,  the  dyes  are  used  as 
concentrated  solutions  (1)  in  water;  (2)  in  two  to  five  per  cent,  carbolized  water; 
(3)  in  thirty  to  sixty  per  cent,  alcohol,  preferably  about  fifty  per  cent.  Under 
some  conditions  the  dyes  seem  to  act  best  if  the  solutions  are  rendered  faintly 
alkalin;  or  at  other  times,  faintly  acid.  The  alkalinity  is  usually  secured  by  the 
addition  of  a very  small  quantity  of  carbonate  of  potassium,  and  the  acidity  bv  an 
extremely  dilute  solution  of  acetic,  formic,  or  hydrochloric  acid.  The  basic  anilin 
dyes  commonly  used  are  safranin,  basic  fuchsin,  methylene-blue,  thionin,  gentian- 
violet,  toluidin-blue.  Favorite  acid  stains  are  the  eosins — of  which  there  are 
several— orange  G,  acid  fuchsin,  etc. 

The  following  formulas  and  methods  are  introduced  as  examples,  and,  after 
the  student  has  familiarized  himself  with  the  technic  given,  he  may  apply  the 
knowledge  so  obtained  to  staining  with  other  and  similar  anilin  dyes.1 

1 One  of  the  great  difficulties  with  anilin  dyes  is  the  inconstancy  of  their  composition  and  the  unre- 
liability of  many  samples  placed  on  sale.  For  this  reason  it  is  recommended  that  in  purchasing  anilin  dyes 
the  student  should  always  specify  the  make  of  Grubler. 
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Safranin  is  a most  excellent  nuclear  stain.  The  following  formulas  are  to  be 
recommended : 

Saturated  solution  of  safranin  in  water,  heated  to  750  C.;  after  thorough  satura- 
tion, filter;  stain  from  two  to  five  minutes  to  twenty-four  hours,  depending  upon 
the  tissue,  length  of  fixation,  etc.;  wash  in  water,  differentiate  and  dehydrate 
simultaneously  in  alcohol,  clear  in  xylol,  and  mount  in  xylol  balsam.  A mixture 
composed  of  one  part  of  the  above  solution  of  safranin  and  one  part  of  a saturated 
alcoholic  solution  of  alcohol-soluble  safranin  makes  a satisfactory  stain,  and  may 
be  used  in  the  same  way. 

Methyl-violet.  One  or  two  per  cent,  solution  in  water.  Stain  from  two  to 
five  minutes  or  longer,  and  treat  in  the  same  manner  as  already  given  for  safranin. 

Polychrome  Methylene -Blue1  (Unna)  is  a most  acceptable  stain  for  routine  labora- 
tory work.  Although  the  formula  for  making  this  dye  is  easily  accessible,  satis- 
faction can  best  be  obtained  by  purchasing  the  prepared  stain  from  Griibler. 
One  part  of  the  dye  to  two  or  three  parts  of  water  is  the  best  strength.  Sections 
should  be  stained  for  fifteen  minutes  to  several  hours,  washed  in  water,  dehydrated, 
cleared  in  xylol,  and  mounted  in  balsam.  The  most  beautiful  results  are  obtained 
by  glycerin-ether  or  styrone  differentiation,  both  of  which  are  described  below. 
Contrasts  with  eosin  may  be  obtained  by  staining  in  a 0.1  per  cent,  aqueous 
solution  of  water-soluble  eosin;  wash  lightly  with  water  and  transfer  to  the  poly- 
chrome blue;  the  latter  tends  to  remove  the  eosin,  and  hence  success  depends  on 
accurately  judging  the  time,  necessary  for  immersion  in  the  polychrome  solution. 
Nothing  but  patient  experimentation  can  accurately  inform  the  beginner,  but 
success  repays  him  for  the  time  and  labor  expended. 

Toluidin-blue.— Dissolve  one  part  of  the  dye  in  100  parts  of  a five  per  cent, 
solution  of  carbolic  acid  in  water;  stain  from  five  to  ten  minutes  to  twenty-four 
hours,  differentiate  and  dehydrate  in  alcohol,  clear  with  cedar  oil,  and  mount  in 
xylol  balsam. 

Ziehl’s  Carbolfuchsin. — Rub  up  1 gm.  of  powdered  basic  fuchsin  with  xo  c.c. 
of  alcohol  in  a glass  mortar;  dissolve  5 gm.  of  crystalline  carbolic  acid  in  100  c.c. 
of  distilled  water;  mix  the  two  solutions  and  the  stain  is  ready  for  use.  The  stain 
may  be  prepared  by  adding  10  c.c.  of  a saturated  alcoholic  solution  of  basic  fuchsin 
to  90  c.c.  of  a five  per  cent,  aqueous  solution  of  carbolic  acid.  Stain  sections  two 
to  five  minutes  to  several  hours;  differentiate  and  dehydrate  in  alcohol,  clear  in 
clove  oil  or  xylol,  and  mount  in  xylol  balsam. 

As  a rule,  sharpness  of  nuclear  stain  is  obtained  by  overstaining,  followed  by 
careful  differentiation,  which  must  be  stopped  at  a certain  time;  the  best  results 
are. obtainable  after  repeated  experiments  and  many  failures.  Alcohol  as  a differ- 
entiating agent  does  not  give  the  best  results,  nor'is  the  differentiation  in  alkaline 
or  faintly  acidulated  water  ideal.  Two  of  the  most  satisfactory  differentiating 
agents  with  which  the  writer  is  familiar  are  glycerin-ether  and  styrone. 

The  glycerin-ether  mixture  (Unna)  is  obtained  from  Griibler,  the  proper  dilution 
is  one  part  of  the  agent  to  fifteen  of  water.  Sections  are  stained  rather  deeply 
in  Unna’s  polychrome  methylene-blue  or  in  carbol-toluidin-blue,  rinsed  in  water, 
and  covered  with  the  diluted  glycerin-ether  mixture.  At  first  the  dye  comes  out 
in  clouds;  later,  differentiation  progresses  more  slowly.  The  exact  point  at  which 
to  arrest  the  differentiation  can  be  learned  by  experience  only.  In  order  to  arrest 
the  action  of  the  glycerin-ether  the  excess  is  poured  off,  the  section  washed  in  water 
followed  by  rapid  dehydration  and  clearing  in  xylol  or  cedar  oil,  and  finally  balsam. 
Many  bacteria  are  beautifully  stained  by  this  method. 

Styrone  at  a low  temperature  is  a solid,  camphor-like  body;  at  ordinary  room- 
temperature  it  assumes  a syrupy  consistence.  It  is  a differentiating  fluid  that 
also  acts  as  a clearing  agent  and  is  superior  to  other  differentiating  agents  in  that, 
during  the  process  of  differentiation,  sections  may  be  watched  under  the  micro- 
scope without  a cover-glass.  The  section,  stained  as  already  advised  for  glycerin- 
ether,  is  hastily  washed  in  water,  followed  by  alcohol,  and  the  styrone  is  at  once 
applied.  The  styrone  first  applied  becomes  cloudy,  deeply  dyed,  and  is  poured 
off;  fresh  styrone  is  added,  and  the  slide  is  placed  on  the  stage  of  the  microscope. 
As  soon  as  the  differentiation  has  become  satisfactory  the  styrone  is  washed  off 
with  cedar  oil,  the  application  of  the  latter  agent  being  continued  until  all  differentia- 
tion has  ceased;  the  cedar  oil  is  then  removed  and  xylol  balsam  and  a cover-glass 


1 This  stain  resembles,  when  diluted,  Loffler’s  alkaline  methylene-blue,  the  formula  of  which  is  as 
follows : 


Saturated  alcoholic  solution  of  methylene-blue,  

Potassium  hydrate  (0.01  per  cent,  aqueous  solution),  ._. 

May  be  used  for  staining  tissues,  but  is  more  useful  in  bacteriologic  work. 


30  c.c. 
100  c.c. 
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are  applied.  In  clearing  sections  stained  by  basic  anilin  dyes  disaster  commonly 
follows  the  application  of  creasote.  Xylol  is  considerably  better,  but  the  best 
results  are  obtained  by  the  use  of  cedar  oil,  which  acts  slowly  and  must  be  given 
time;  gentle  warming  hastens  the  clearing,  but  is  rarely  necessary  if  the  dehydra- 
tion has  been  complete. 

Eosin  may  be  used  with  either  of  the  nuclear  stains  previously  given.  It  is 
particularly  useful  with  the  toluidin-blue.  Eosin,  either  as  a saturated  solution 
in  water  of  the  form  soluble  in  that  medium  or  saturated  solution  of  eosin  in  alcohol, 
using  the  form  soluble  in  that  agent,  may  be  used  as  contrast  stains  before  or  after 
the  toluidin-blue  or  methylene-blue;  as  both  of  these  agents  are  discharged  by 
eosin  solutions,  it  is  possibly  better  to  stain  first  with  eosin,  rinse  in  water,  and 
apply  the  nuclear  stain  afterward.  If  the  eosin  be  used  after  the  nuclear  stain, 
it  should  not  be  allowed  to  act  too  long,  otherwise  the  nuclear  stain  may  be  dis- 
charged. As  eosin  acts  as  a differentiating  agent,  when  used  after  the  nuclear 
stain,  care  and  experience  are  necessary  to  secure  the  best  results.  After  the  use  of 
eosin,  dehydration  in  alcohol  and  clearing  in  cedar  oil  are  recommended. 

For  the  use  of  eosin  as  a contrast  stain  with  hematoxylin,  see  page  1050.  For 
the  use  of  picric  acid  for  the  same  purpose  and  with  carmin,  see  page  1049. 


THE  MICROSCOPE. 

A Desirable  Laboratory  Microscope.1 — Figure  541  illustrates  a stand  useful  in 
a pathologic  laboratory.  The  horseshoe  base  gives  solidity  by  its  long  arms  and 
great  weight.  To  this  base  is  attached  the  upright,  which  supports  the  super- 
structure; the  stand  should  be  handled  by  this  piece  entirely,  never  grasping  the 
parts  above  in  moving  the  microscope,  as  such  a procedure  is  likely  to  injure  the 
adjustments.  At  the  upper  termination  of  the  upright  is  the  joint  for  inclining  the 
microscope  for  convenience  in  working.  Running  to  the  front  from  this  joint  is 
the  stage  upon  which  the  slide  is  placed  for  examination;  clips  are  shown  for  retaining 
the  slide  in  position.  Beneath  the  stage  are  the  substage  mountings,  consisting 
of  diaphragms  for  lessening  the  light,  condenser  for  indreasing  the  ray’s  intensity, 
and  a mirror  for  reflecting  the  light  upward  through  the  optic  axis  of  the  instru- 
ment. These  parts  are  adjustable  by  lateral  movement,  by  rack,  pinion,  and  screw 
motion.  Behind  the  inclination  joint,  and  above  the  stage,  what  is  known  as  the 
upright  arm  rises;  at  its  upper  part  is  placed  the  fine  adjustment,  worked  by  a 
milled  thumb-screw.  Passing  off  in  front  of  this  upright  arm  is  the  horizontal 
arm,  to  which  is  attached  the  coarse  adjustment  by  rack  and  pinion  moved  by  the 
milled  heads  shown  at  both  sides.  The  tube  carrying  the  optical  parts  is  attached 
to  the  front  of  the  horizontal  arm  and  may  be  moved  vertically  by  the  rack  and  pinion 
coarse  adjustment.  The  tube  is  so  made  that  it  may  be  drawn  out  to  a standard 
length.  At  the  upper  end  of  the  tube  is  the  eye-piece;  at  the  lower  end,  the  objec- 
tive. In  the  laboratory  instrument,  when,  for  any  reason,  an  oil-immersion  ob- 
jective may  not  be  desired,  two  objectives  (a  f of  an  inch  and  a { or  | of  an  inch) 
are  mounted  on  a double  nose-piece,  by  means  of  which  either  objective  may 
be  brought  into  use.  In  bacteriologic  examinations  in  which  an  oil-immersion  lens 
is  indispensable,  three  objectives  are  mounted  on  a triple  nose-piece,  as  shown  in 
the  cut.  (Fig.  541.)  In  nearly  all  cases  the  examination  should  begin  with  the  lower 
power,  followed,  if  necessary,  "by  the  higher  power. 

To  Use  the  Microscope. — The  instrument  is  placed  in  front  and  slightly  to  one 
side — usually  the  right  side — of  the  observer;  the  student  is  advised  to  use  the  instru- 
ment with  the  stage  horizontal,  that  is,  without  using  the  inclination  joint.  During 
the  day,  northern  light  or  light  from  white  clouds  is  preferable;  if  the  window  is 
exposed  to  the  direct  rays  of  the  sun,  a piece  of  thin  tissue-paper  is  pasted  over  the 
glass,  or  the  glass  may  be  frosted  or  painted;  except  for  photomicrography  direct 
sunlight  should  never  be  used.  If  an  artificial  light  is  unavoidable  the  microscope 
is  placed  about  30  cm.  from  the  light,  and  to  one  side,  so  that  neither  the  heat  nor 
the  direct  rays  from  the  light  will  be  thrown  in  the  face  or  eyes  of  the  observer.  A 
atisfactory  artificial  light  is  afforded  by  the  Welsbach  burner  or  a thirty-two 
candle-power  incandescent  burner  with  a thoroughly  frosted  globe.  For  con- 
venience in  general  work  the  stand  may  be  tilted;  when  examining  mounts  of 
liquids,  urine,  hanging-drop  culture,  etc.,  the  stand  must  be  upright  so  that  the  stage 
is  perfectly  level.  Place  the  slide  on  the  stage  and  loosely  secure  it  by  a clip  at  one 
end;  so  adjust  the  mirror  as  to  illuminate  the  center  of  the  field;  without  placing  the 

A e'  ^y1<?s^tin*'erestec*  in  optics  of  the  microscope  should  consult  Principles  of  Microscopy  by  Sir 
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eye  to  the  eye-piece,  rack  the  objective  down  until  it  almost  touches  the  slide;  then 
look  into  the  instrument  and  perfect  the  illumination  by  adjusting  the  mirror  again, 
if  necessary;  slowly  focus  upward  by  the  coarse  adjustment  until  a satisfactory 
focus  is  obtained;  when  moving  the  slide  about,  the  fine  adjustment  alone  is  required. 
Never  focus  downward  until  the  method  just  given  has  been  mastered;  careless,  or 
even  at  times  the  most  careful,  downward  focusing  will  crush  the  slide  or  the  lens 
by  passing  over  the  true  focus  and  jabbing  the  objective  into  the  slide.  Before  re- 
moving the  slide,  always  rack  the  objective  upward  until  it  is  at  least  1 cm.  from  the 
slide. 

To  use  the  TV  inch  oil-immersion  objective : First,  with  a lower  power,  accurately 
[ center  some  object  in  the  field  upon  which  to  focus;  rack  the  tube  upward  until 


Fig.  541. — Microscope  Suitable  for  General  Pathologic  and  Bacteriologic  Work. 
a.  Ocular  or  eye-piece,  b.  Draw-tub®.  c.  Rack.  d.  Milled  head  of  pinion  moving  the  rack;  the  rack 
and  pinion  (c  and  d)  together  are  called  the  coarse  adjustment,  e.  Microscopic  tube.  /.  Microm- 
eter screw  by  which  the  fine  adjustment  is  operated,  g.  Triple  nose-piece  or  revolver  which  re- 
ceives the  objectives,  h;  in  the  above  instrument  there  are  three  objectives  which  in  turn  may  be  ro- 
tated into  the  optical  axis.  i.  Stage  on  the  upper  surface  of  which  are  clips  for  holding  the  slide  during 
examination,  j.  Iris  diaphragm  in  substage  condenser;  the  diaphragm  permits  variation  in  the 
quantity  of  light  admitted,  and  the  condenser  properly  focuses  the  rays  on  the  object  examined.  k. 
Screw  for  raising  and  lowering  the  condenser  by  which  the  latter,  when  not  in  use,  may  be  thrown 
to  the  side.  1.  Mirror  for  reflecting  light  into  the  optical  axis  of  the  instrument,  m.  Inclination  joint 
permitting  inclination  of  the  instrument.  The  vertical  column  below  the  inclination  joint  is  called 
the  pillar  and  is  solidly  joined  to  the  large,  heavy,  horseshoe  base  supporting  the  instrument. 


the  objective  is  4 or  5 cm.  from  the  slide;  rotate  the  nose-piece  so  that  the  TV 
inch  objective  drops  into  the  optical  axis  of  the  instrument.  Erect  the  stand, 
thereby  rendering  the  stage  level.  Place  on  the  cover-glass  a drop  of  cedar  oil,  at 
such  a point  that  when  the  objective  is  racked  down  it  will  touch  the  drop  of  cedar  oil 
at  the  center.  The  objective  is  now  lowered  into  the  cedar  oil ; looking  into  the  instru- 
ment, adjust  the  light  so  that  the  field  is  well  illuminated,  the  light  uniformly  dis- 
tributed, but  not  too  brilliant  or  glaring;  this,  if  present,  should  be  overcome  by 
closing  the  iris  diaphragm  until  a soft,  even  illumination  is  obtained.  Now,  with 
the  fine  adjustment,  slowly  focus  upward  but  one  or  two  turns  of  the  milled  head; 
the  object  should  come  into  view.  If  it  is  indistinct  or  hazy,  try  readjusting  the 
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iris  diaphragm  or  the  light,  or  the  Abbe  condenser  may  be  moved  downward  or 
upward  until  the  desired  effect  is  secured.  In  examining  stained  preparations  the 
iris  diaphragm  is  kept  open;  for  unstained  specimens  it  is  choked  down,  admitting 
but  little  light.  The  successful  study  of  any  specimen  is  largely  dependent  upon  se- 
curing perfect  adjustment  of  all  parts  of  the  microscope,  and  particularly  the  illumina- 
tion. In  case  the  field  fails  to  clear  up  after  careful  adjustment  of  the  instrument, 
examine  the  lenses  to  see  that  they  are  clean. 


CHAPTER  III. 


BACTERIOLOGIC  TECHNIC.1 

In  order  satisfactorily  to  study  microorganisms  we  must  be  able  to  secure,  and 
if  possible  to  maintain,  pure  cultures,  a term  to  be  explained  later.  The  soil  upon 
which  bacteria  are  grown  is  called  a culture  medium.  The  soils,  or  culture  media, 
are  classed  under  two  heads — the  natural  and  the  artificial;  of  each  of  these  we  have 
two  kinds,  the  fluid  and  the  solid. 

Natural  Culture  Media. — Fluid:  Blood-serum,  milk,  urine,  aqua  coca,  bile,  hy- 
drocele fluid,  eggs  or  egg-albumen,  etc.  Solid:  Blood-serum,  eggs,  potatoes  and 
other  tubers,  and  fruits. 

Blood-serum  is  the  most  valuable  of  all  natural  culture  media,  and  may  be  used 
either  in  the  fluid  or  in  the  solid  state.  The  serum  may  be  obtained  from  any  of  the 
lower  animals,  though  that  of  the  calf  or  ox  is  preferred.  The  blood  is  collected  in 
clean  jars  at  the  time  of  slaughtering;  a gallon  fruit  or  museum  jar  answers  the  pur- 
pose. If  the  blood  is  passed  directly  from  an  artery  into  a sterilized  jar,  it  will  re- 
main sterile.  The  freshly  drawn  blood  is  allowed  to  coagulate  in  the  sterile  receiver; 
it  is  then  removed  to  the  laboratory.  A sterile  glass  rod  is  passed  around  the  out- 
side of  the  clot,  between  it  and  the  jar,  in  order  to  detach  the  fibrin  from  the  jar  and 
to  permit  the  clot  to  contract.  The  jar  is  then  placed  on  ice.  In  from  twelve  to 
twenty-four  hours  the  clot  will  have  separated,  and  the  serum  may  be  drawn 
off  with  a sterile  siphon.  If  it  is  clear,  it  may  at  once  be  placed  in  tubes;  if  there 
be  much  suspended  coloring-matter — red  blood-cells — it  may  be  set  in  the  ice- 
box for  sedimentation,  after  which  the  clear  supernatant  fluid  may  be  poured  into 
the  culture  containers.  If  this  operation  be  conducted  with  proper  care,  the  serum 
should  not  require  sterilization,  and  can  be  used  in  its  fluid  state.  In  order  to 
avoid  infection  the  greatest  care  must  be  taken  in  every  stage  of  preparation.  Con- 
tainers, pipets,  instruments,  hands,  etc.,  must  be  sterilized  with  the  utmost  care 
and  maintained  in  an  aseptic  condition.  It  is  hardly  necessary  to  say  that  such 
extreme  care  can  rarely  be  taken,  so  that  the  Councilman-Mallory  method  (given 
below)  has  practically  superseded  this  more  tedious  process.  If,  however,  a solid 
medium  is  wanted,  the  serum  is  sterilized  and  “set”  by  heating. 

In  order  to  sterilize  blood-serum  it  must  be  heated  one  hour  each  day  for  four 
days;  as  high  temperatures  cause  coagulation  of  the  albumin,  the  heat  had  best 
not  exceed  65°  C.  It  is  rendered  solid  by  gradually  raising  the  temperature  until 
coagulation  is  just  sufficient  to  solidify;  at  this  stage  it  is  slightly  opalescent,  of  a 
yellowish  straw  color,  and  easily  penetrated  by  a needle.  The  temperature  neces- 
sary for  solidification  rarely  exceeds  70°  C.  Councilman  and  Mallory  avoid  the 
foregoing  tedious  process  in  the  following  manner: 

Blood  is  collected  in  a clean  jar  and  permitted  to  coagulate;  the  fibrin  is  detached, 
as  already  directed.  The  more  or  less  clear  serum  is  then  siphoned  off.  The  small 
amount  of  blood  present  does  not  interfere  with  the  subsequent  handling  or  with  the 
use  of  the  medium  for  culture  purposes.  Previously  sterilized  test-tubes,  prepared 
as  directed  under  Culture  Containers  (p.  1060),  are  at  once  charged  with  the  fresh 
serum  and  placed  in  a slanting  position  in  a dry-air  sterilizer,  the  temperature  of 
which  is  raised  to  8o°  or  90°  C.  The  heating  must  be  gradual,  and  must  not  exceed 
the  temperature  given.  As  soon  as  solidification  is  complete  the  serum  is  transferred 
to  a steam  sterilized  (the  tubes  being  placed  on  end),  and  sterilized  at  ioo°  C.  for 
thirty  minutes  each  day  for  three  successive  days. 

Loffler’s  blood-serum  mixture  contains: 


Bouillon  containing  one  per  cent,  glucose,  1 part. 

Blood-serum,  3 parts. 


The  two  are  mixed,  placed  in  the  tubes,  and  sterilized  as  directed  for  blood-serum . 
The  medium  is  especially  useful  for  the  Bacillus  diphtherias,  but  may  be  used  for 
almost  any  organism,  and  is,  taken  all  in  all,  one  of  the  best  all-round  media  found 
in  the  laboratory.  The  advantages  offered  by  the  Councilman-Mallory  method 

1 For  more  detailed  consideration  of  Bacteriologic  Technic  see  works  referred  to  in  foot-note  1,  p.  41. 
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may  be  utilized  in  the  preparation  of  this  medium.  The  formula  and  preparation 
of  bouillon  are  given  with  artificial  culture  media  (p.  1057). 

For  a number  of  purposes,  and  especially  for  cultures  of  gonococci,  human  serum 
is  useful;  it  may  be  obtained  from  blood  collected  by  phlebotomy,  or  blood  expressed 
from  the  human  placenta.  From  whole  blood  it  is  prepared  as  already  directed 
for  animal  serum.  Ordinarily,  transudates  or  exudates  in  the  large  serous  cavities 
are  collected  at  autopsy  or  operation,  distributed  in  tubes,  sterilized,  and  if  necessary 
coagulated  in  the  same  manner  as  separated  serum.  All  fluids  withdrawn  from 
serous  cavities  do  not  contain  sufficient  albumin  to  solidify  properly  by  heat;  such 
fluids  must  be  used  in  a liquid  form  or  solidified  by  the  addition  of  gelatin  or  agar. 

Hiss’  water  serum  medium  consists  of  two  to  three  parts  sterile  distilled  water 
and  one  part  liquid  blood-serum,  to  which  may  be  added  litmus  and  any  of  the 
sugars  in  the  proportion  of  one  per  cent. 

Conradi’s  ox  bile  medium  is  ox  bile  to  which  is  added  ten  per  cent,  glycerin  and 
ten  per  cent,  peptone.  Sterilize  in  steam  sterilizer.  This  is  especially  recommended 
for  demonstration  of  the  typhoid  bacillus. 

Wertheim’s  medium  is  prepared  by  adding  one  part  of  sterile,  freshly  drawn 
human  blood  or  blood-serum,  to  two  parts  of  liquefied  agar  at  450  C.;  the  tubes  are 
then  slanted  and  the  medium  allowed  to  solidify.  Blood-smeared  agar  is  especially 
useful  for  the  cultivation  of  the  influenza  bacillus;  it  is  prepared  by  smearing  a few 
drops  of  freshly  drawn  sterile  blood  on  the  surface  of  agar  slants  which  should  be 
incubated  24  hours  to  assure  sterility. 

Fresh  milk  normally  is  alkalin;  if  acid,  suspicion  must  be  entertained  as  to  its 
freshness  For  use  as  a culture  medium  the  cream  should  be  removed  by  centrif- 
ugalization;  or  if  the  milk  be  placed  in  a large  container,  steamed  for  fifteen  to 
twenty  minutes,  and  left  in  an  ice-box  for  twenty-four  hours,  the  cream  will  rise  to 
the  surface  and  may  be  siphoned  off.  The  milk  is  then  filled  into  the  tubes  and 
sterilized,  preferably  by  the  fractional  method.  For  the  purpose  of  determining  the 
production  of  acid1  or  alkali  by  bacteria,  litmus  milk  is  used.  This  is  prepared  by 
adding  to  each  liter  of  milk  100  c.c.  to  150  c.c.  of  a watery  solution  of  litmus  pre- 
pared by  dissolving  6 grams  of  purified  litmus  in  1000  c.c.  of  water,  using  heat 
if  necessary,  followed  by  filtration.  The  resulting  mixture  is  distributed  into 
tubes  and  further  sterilized  by  the  fractional  method.  Some  bacteria  coagulate 
the  casein,  others  peptonize  it. 

While  they  are  useful,  the  employment  of  urine,  aqua  coca,  and  hydrocele  fluid 
is  not  general. 


Fig.  542. — Moist  Chamber  for  Potato  Culture. 

To  use  this  dish,  or  any  similar  chamber,  for  potato  cultures,  the  dish  is  sterilized  in  a hot-air  sterilizer 
and  allowed  to  cool.  In  the  bottom  is  placed  a blotter,  moistened  with  a 1 : 1000  solution  of  corrosive 
sublimate.  The  potato  is  cleaned  as  described  in  the  text,  and  is  sterilized  whole;  a thin  knife,  such  as 
is  shown  on  p.  1026,  is  also  sterilized;  the  worker  thoroughly  disinfects  his  hands  and  takes  the  sterile 
potato  in  the  left  hand  and  the  sterile  knife  in  the  right  hand ; the  potato  is  then  incised  in  its  longest 
diameter,  and  without  separating  the  two  halves,  an  assistant  raises  the  upper  half  of  the  dish  by  the 
knob  while  the  potato  is  quickly  placed  on  the  sterile  blotter,  the  two  halves  being  separated  so  that 
the  freshly  incised  surface  of  each  half -is  turned  upward ; the  lid  is  now  quickly  replaced.  If  no  growth 
occurs  on  the  potato  in  three  or  four  days,  it  may  be  considered  sterile,  and  may  be  inoculated. 


Boiled  potato  affords  a splendid  culture  medium  for  the  growth  of  many  bacteria. 
Potato  used  as  a culture  medium  is  first  thoroughly  washed  in  water  to  remove  dirt, 
then  in  a 1 : 1000  solution  of  corrosive  sublimate,  followed  by  sterilized  water  for  ten 
or  fifteen  minutes  to  remove  the  mercury.  The  potato  is  then  cut  into  slices.  With 
an  apple-corer  pieces  of  the  proper  size  are  cut  from  the  slices,  slipped  into  steril- 
ized test-tubes,  and  a small  quantity  of  distilled  water  is  added  to  prevent  rapid 
drying  after  sterilization.  Instead  of  using  an  apple-corer,  the  potato  may  be  cut 
into  a long,  pyramidal  piece  resembling  a gigantic  exclamation  point.  The  small 
end  of  the  pyramid  should  be  long,  and  project  downward  into  the  water  at  the 
bottom  of  the  tube,  thus  preventing  desiccation  of  the  upper  part  of  the  piece, 
upon  which  the  culture  will  be  made.  The  culture  tubes  containing  pieces  are  now 
sterilized  by  placing  them  in  an  autoclave  for  from  twenty  to  twenty-five  minutes; 

October^iTgS^p^  °^es^lma^ln^  *he  production  °f  acid  by  bacteria  in  culture  see  Hanna,  Jour,  of  Path 
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fIom  three  to  days- in  a 

Thee«Mareth^uyWvsSrirSS|l3*USfd  f°r  lh<!  c“ltiva,ion  of  anaerobic  bacteria. 
serumgga  point  in  tin.  a ?*.?  IowtemPerature.  as  already  directed  for  blood- 

or. dated  S‘,1!  . ,s  carefu]ly  penetrated  with  a sterile  borer  the  eon  is  in- 

Wax'  Occasionally,  sterilization  may  nit  be 
cann0t  r“  be  aPfJied’  as  the  chick  develops 
coo lhtg,' forms ^n^ir-^ght^overing  egg  may  be  dipped  ta  hot  paraffi".  ^ieh,  in 

#£«HI£SSTSS 

bacteria— the  tubercle  bacil- 
lus, for  instance — it  may  be 
necessary  to  add  glycerin  to 
the  medium. 

The  most  useful  artificial 
culture  media  are  infusions  of 
beef  and  mutton  containing  a 
small  quantity  of  peptone. 
Most  of  the  bacteria  develop 
quite  readily  in  such  media. 
The  stock  culture  media  is 
Koch’s  alkaline -beef-peptone 
bouillon.  For  ease  and  rapid- 
ity of  preparation  the  follow- 


Fig-  543-  Instrument  for  Cutting  Plugs  of  Potatc 
~,  FOR  Potato  Cultures. 

1 +1  *U*t  Plug?  are  washed  in  water  and  pushed  down  intc 
test  tubes  into  which  the  potato  segment  fits  closely. 
r+°ugh,Watern^  added  to  come  just  up  to  the  lower  enc 
th  t -t  Ug’  16  tubes  are  then  sterilized  as  directed  ir 


Fig.  544-  Agate-ware  Water-bath 
(Farina  Kettle). 

Used  in  making  culture  media,  and 
convenient  for  many  purposes  about 
the  laboratory;  the  capacity  should 
be  about  iooo  c.c.  for  inside  boiler. 


ing  is  recommended:  Take  an  ordinary  farina  boiler  (ag-ate-ware  is  host)  nnH  mi 

oj  ras&M  'SStnTo"Z  t&S  Z 

somewhat  simpler  methodls'to'mahk  afran^’^iS/^ihe  depth“of 'fhr^wTsuif 
sequently  maintaining  the  same  depth  by  the  addition  of  water  Obtain  o c of  t 

addgthK  7 Ch+°Pped  beef  from  which  the  fat  has  been  carefully  removed- 

add  this  to  the  water,  a little  at  a time,  stirring  constantlv  to  make  cm  + u + 

every  piece  of  the  meat  is  well  penetrated.  The  original  directions  rennirod  ti  a+ 
t is  mixture  macerate  for  twelve  hours  before  proceeding  with  the  next  sten 
Lsually  maceration  is  unnecessary,  although  some  workers  atmarentlv  P‘ 

macerate  for  twelve  or  twenty-four  hours?  as  origTnalTy  adtTseS VhXr 
macerated  or  not,  the  next  step  is  to  add  the  peptone  and  salt  Tnt-o  t 
grams  of  Witte’s  dried  beef-peptone  and  five  grams  of  salt  (sodium  u-,1  ■ f\U 

thed  m ‘1X  dthCm  ,V10r°U^hly  inu  a mortar  or  teacup  f add  just  enough  water  to^ub 
the  mixed  powders  into  a thin  paste,  which  is  now  added  to  the  meat-and  'water 
mixture  m the  farina  kettle  and  thoroughly  stirred  into  the  maS  The  Ztler 

i9oS!p°iiihe  preparation  of  salt-free  culture-media  see  Taylor,  Jour,  of  Experimental  Med.,  Feb.  aS, 
1m  67 
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in  the  outside  kettle  is  now  brought  to  a boil,  during  which  time  the  mixture 
in  the  inside  kettle  has  been  frequently  stirred.  As  soon  as  the  albumin  begins  to 
coagulate  the  stirring  is  stopped,  and  when  coagulation  is  fairly  advanced— after 
fifteen  or  twenty  minutes’  boiling— the  inside  kettle  is  removed  from  its  surrounding 
water-bath  and  its  contents  boiled  over  the  flame,  care  being  taken  that  it  does  not 
boil  over.  The  meat  and  coagulated  albumin  collect  into  a rather  dense  mass, 
which  should  be  broken  up,  so  that  the  interior  may  be  fully  penetrated  by  the  boil- 
ing fluid  in  order  to  extract  the  salts  contained  m the  meat.  After  thirty  minutes 
boiling  the  mass  is  removed  from  the  flame  and  strained  through  flannel.  Ihe 
water  lost  by  evaporation  must  be  made  up  by  pouring  enough  cold  water  over  the 
meat  in  the  strainer  to  bring  the  filtrate  to  one  liter.  If  any  fat  is  seen  over  the 
surface  of  the  fluid,  as  much  as  possible  is  removed  with  a spoon  or  by  gently  touch- 
ing it  with  paper  or  a clean  cloth.  The  filtrate  is  usually  clear  and  if  not,  it  must 
be  filtered  Tested  with  an  indicator,  this  fluid  will  be  found  acid,  and  must  be 
made  neutral  or  faintly  alkaline.  This  is  best  done  by  adding  drop  by  drop,  a 
ten  per  cent,  solution  of  caustic  soda  (sodium  hydroxid)  The  best  indicator  is  a 
phenolphthalein  solution,  made  by  dissolving  one  gram  of  phenolphthalem  m 1000 
c c of  fifty  per  cent,  alcohol.  A watch-glass  containing  about  i c.c  of  this  solution 
is  placed  conveniently,  and  into  this  a drop  of  the  bouillon  is  mixed  a different  watch- 
o-lass  being  used  for  each  drop;  as  soon  as  alkalinity  is  reached,  the  indicator  turns 
a bright  rose-color,  which,  while  distinct,  should  be  faint.  Litmus  paper  may  be  used 
for  the  same  purpose  but  is  less  delicate,  although  sufficiently  accurate  for  routine 
work  With  the  disappearance  of  acidity  the  bouillon  becomes  faintly  cloudy, 
the  salts  and  albumins,  insoluble  in  an  alkaline  fluid,  precipitating.  To  complete 
the  formation  of  this  precipitate  the  fluid  is  thoroughly  boiled  for  at  least  thirty 
minutes,  and  then  filtered.  It  is  advisable,  when  a perfectly  clear  fluid  is  absolutely 
essential,  to  cool  the  medium,  filter,  reboil,  and  again  filter;  this  is  rarely  done,  and 
is  useless  except  that  it  assures  the  medium  remaining  clear;  after  each  boiling,  and 
before  finallv  filling  the  culture  vessels,  the  alkalinity  of  the  fluid  must  be  tested,  lor, 
in  some  inexplicable  manner,  a fluid  previously  known  to  have  been  neutral,  or  even 
alkaline  may  become  acid.  When  finished,  the  resulting  fluid  is  known  as  neutra  -, 
alkaline-  or  acid-beef-peptone  bouillon,  the  first  word  of  the  name  always  indicating 
the  reaction.  When  intended  for  the  cultivation  of  tubercle  bacilli,  glycerol  (glyc- 
erin) is  added  (the  amount  commonly  employed  is  six  per  cent.)— 60  gm.  of  the 
glycerol,  which  must  be  weighed  and  not  measured,  to  1000  c.c.  of  the  bouillon. 
It  is  now  known  as  alkaline-glycerin-beef-peptone  bouillon. 

Instead  of  the  0.5  of  a kilogram  of  beef  used  in  the  above,  two  grams  of  meat 
extract  (Liebig’s  or  Armour’s)  may  be  substituted.  The  preparation  is  practically 
the  same  except,  of  course,  the  flannel  filter  is  not  needed,  and,  as  the  meat  salts  are 
exceedingly  difficult  to  remove,  filtering  while  hot,  and  again  when  cold,  may  require 
frequent  repetition  to  secure  a perfectly  clear  fluid.  Media  prepared  with  an  extract 
are  not  so  satisfactory  as  those  made  from  the  beef  direct.  Streptococci  grow  indit- 
ferently  or  not  at  all  upon  media  prepared  from  commercial  extract.  ■ 

When  it  is  desired  to  render  the  foregoing  solid,  gelatin  or  agar,  or  both  combined, 

may  be  used.  . , . 

Beef-peptone-gelatin. — To  1000  c.c.  of  cold  bouillon  add  100  gm.  of  ge.atm 
(“gold-leaf,”  in  sheets),  torn  or  cut  into  fragments;  macerate  for  fifteen  or  twenty 
minutes,  until  the  gelatin  swells  up  and  becomes  flaccid;  it  is  then  easily  dissolved  by 
gently  heating  in  a water-bath;  by  the  time  it  has  reached  a temperature  that  wi 
not  scald  the  fingers  the  gelatin  will  be  dissolved.  It  is  now  removed  from  the  j 
water-bath  and  cooled  until  the  fingers  can  be  comfortably  held  in  it  for  some  time 
— about  50°  C.  or  lower.  When  the  gelatin  is  thoroughly  dissolved,  the  fluid  wu 
require  realkalinization;  as  gelatin  is  constantly  acid,  the  reaction  of  the  previously 
alkaline  bouillon  is  changed.  The  alkalinization  must  be  most  carefully  done, 
otherwise  the  gelatin  may  fail  to  solidify  when  finished.  Again,  one  must  be  sure 
that  all  the  gelatin  is  dissolved  before  alkalinization  or,  later,  the  reaction  may  be 
found  acid.  It  must  be  but  faintly  alkaline.  If  by  accident  the  fluid  be  made  too 
alkaline,  a few  drops  of  dilute  acetic  acid  will  correct  the  error.  When  the  reaction 
is  satisfactory,  the  white  and  finely  broken  shell  of  two  eggs  is  thoroughly  nnxe 
with  the  gelatin;  this  is  heated  to  the  boiling-point  in  a water-bath,  followed  by 
boiling  over  the  naked  flame  (which  is  best  distributed  by  wire  gauze)  for  at  leas 
half  an  hour;  the  water  lost  by  evaporation  is  made  up,  and  enough  of  the  mixture 
filtered  to  half  fill  a good-sized  test-tube;  this  is  boiled  repeatedly  for  several  minutes, 
to  see  that  all  the  albumin  is  coagulated,  the  reaction  as  desired,  and  that  the  gelatin 
remains  clear;  if  so,  the  remainder  is  filtered  and  placed  in  test-tubes.  When  properly 
made,  gelatin  is  the  clearest  solid  medium  at  present  attainable.  It  is  liquid  a 


BACTERIOLOGIC  TECHNIC. 


1059 


,22°  S anud  Caanot’  for  this  reason,  be  incubated.  As  some 
the  greatest  value6  atm  otbers  do  not>  constitutes  a test  culture  medium  of 

nators^f  M®dium-‘  Tbe  following  are  the  directions  given  by  the  origi- 

Tn  two  JUmf  + ltS,  PreParation-  (a)  Three  pounds  of  meat  are  infusld 

and  Idd  In  vm  ^fw'ttr-tWe  ? h°UrS  °r  more-  After  draining,  boil  for  one  hour 
hour  and T^lh  mtPT a a 2,°  gm'  °f  nutrose’  10  gm  of  NaCl;  boil  one 
hou  fn  ; 1T  \h  fiit,rate  add  do  gm-  o£  agar.  Boil  for  three  hours  (or  one 

DaDer  filter S Wl  f dissolved.  Render  weakly  alkaline  to  litmus 

paper,  niter,  and  boil  for  half  an  hour  more. 

for  ten  v!'™  hundred  and  sixty  c.c.  of  litmus  solution  are  boiled 

” (Xhe  htmuS  solutlon  used  by  Conradi  and  Drigalski  is  the  very 

undS  the  name1?8  A ft r^commended  by  Kubel  and  Thiemann,  and  purchasable 
htmus  sohS  0 Tit  boiling,  30  gm.  of  chemically  pure  lactose  are  added  to  the 

fo^tlarefun^deSS  ,S  ^ b°"ed  £°r  *fteen  minU“S  “d'  if  “ sedim“t 

(c)  Add  the  hot  lactose  mixture  to  the  hot  fluid  agar  solution;  mix  well  and 

as  anCfndRatotgaiToathUSt  W6^'y  alkaline  reaction,  litmus  paper  being  used 

“ I 1 + T°  thlS  ™xture  add  4 c.c.  of  a hot,  sterile,  ten  percent,  solution  of 

sodium  carbonate,  m order  to  render  it  alkaline,  and  20  c.c  of  a freshlv  made 

ThenmiflV1  6t  CrytStal  H6ChSt)’  ° r gm‘  in  100  c'c-  of  sterile  distilled  water 
crystal  “otet  Contams  thirteen  per  cent,  of  litmus  solution,  and  0.001  per  cent,  of 

MacConkey’s  Bile-Salt  Agar.1 — 

Sodium  glycocholate 

Peptone,  5 per  cent. 

Lactose,  . . 1 • 5 per  cent. 

Agar ‘.'.I'.'.'.'. 3 • 5 per  cent. 

Tap  water, 1 • 5 per  cent. 

s. 

The  agar  and  peptone  are  dissolved  and  cleared  in  the  usual  manner  and  the 

anmH0dl U m g1ycocholate  added  before  tubing.  In  this  medium  the  typhoid 
acillus  produces  no  change,  while  the  Bacillus  coli,  by  producing  acid  from  the  lac- 
tose, causes  precipitation  of  the  bile  salts.  y 1 

mntEndo’s  Medium.1— -i.  Prepare  one  liter  of  meat-infusion,  three  per  cent,  agar 
containing  io  grams  of  peptone  and  5 grams  of  NaCl. 

2.  Neutralize  and  clear  by  filtration. 

alkaline dd  IO  CC'  °f  ^ PGr  C6nt'  sodium  hydrate  solution  in  order  to  render  it 

4.  Add  10  grams  of  chemically  pure  lactose. 

■J-  Add  S ,<rc-  of  alcoholic  fuchsin  solution,  filtered  before  using.  (Endo  in  his 
original  contribution  does  not  mention  the  strength  of  this  fuchsin  solution  which 
however,  should  be  saturated.)  ’ 

This  colors  the  medium  red. 

the  med;!lm  5+h^V°fi & ten  per  cent.  sodium  sulphite  solution.  This  again  decolorizes 
the  medium  the  color  not  entirely  disappearing,  however,  until  the  agar  is  cooled. 

7-  But  into  test-tubes,  15  c.c.  each,  and  sterilize. 

The  r^ediutj1  should  be  kept  in  the  dark.  For  use,  plates  are  poured  and  surface 
smears  of  stools  made.  Endo  claims  that  upon  this  medium  the  typhoid  bacillus 

coli^become  reCd  °n  baC1  US  and  lts  colonies  remain  colorless,  while  those  of  bacillus 

Media.1— The  principle  of  these  media  is  that  malachite  green 

Kr0^h  of  mhe  co  on  bacdlus  without  exerting  any  such  influence  upon 
the  typhoid  bacillus.  To  make  one  liter: 

1.  Prepare  a neutral,  one-half  strength,  meat-infusion  bouillon  (300  grams  of 
meat  to  2 liters  of  water)  by  the  usual  technic. 

of  agaifl  Cldify  thiS  With  7'5  C'C'  °f  normal  hydrochloric  acid  (to  facilitate  the  solution 

3.  Dissolve  in  this  30  grams  of  agar  (three  per  cent.)  bv  boiling. 

4.  Neutralize  with  7 c.c.  normal  KOH  or  NaOH  (until  neutral  to  litmus) 

• a5‘  , j 5 C:F.'  of  normal  sodium  carbonate  solution  to  make  it  alkaline  and  heat 

m Arnold  sterilizer  for  several  hours. 

6-  Add  100  c.c.  of  a ten  per  cent,  nutrose  solution  (one  percent.).  This  agar 
1 may  be  sterilized  and  stored  m quantities  of  100  c.c.  without  further  manipulation 
7.  Before  use,  redissolve,  and  to  100  c.c.  add  2 to  2.9  c.c.,  of  a two  per  cent.' 

1 From  Text-book  of  Bacteriology,  Zinsser,  1910. 
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solution  of  malachite  green  (trade  mark,  “ Hochst  120”).  This  solution  is  made  in 

sterilized  water  but  is  not  boiled.  . 

8’.  Fifteen  to  twenty  c.c.  of  this  medium  are  poured  into  Petri  dishes,  allowed  to 

cool,  and  inoculated  by  surface  smears. 

It  is  extremely  important  to  obtain  the  proper  malachite  green. 

Beef-peptone-agar.— Agar-agar  is  a gelatinizing  agent  derived  from  a Japanese 
seaweed.  It  is  used  for  making  culture  media  solid  in  the  following  manner: 
To  1000  c.c.  of  bouillon  add  ten  grams  of  the  agar  threads  cut  into  fragments  not 
over  2 cm.  in  length;  place  at  once  to  boil  over  the  naked  flame,  stirring  fre- 
quently to  prevent  burning  and  the  threads  adhering  to  the  bottom  of  the  pan. 
It  usually  requires  about  an  hour  to  secure  perfect  solution,  without  which  filtration 
is  impossible.  Longer  boiling  does  no  harm,  the  quantity  of  the  medium  being 
maintained  by  adding,  from  time  to  time,  enough  water  to  compensate  for  that 
lost  by  evaporation.  When  fully  dissolved,  it  is  filtered.  As  it  filters  with  much 
more  difficulty  than  gelatin,  and  as  the  same  precautions  are  necessary,  I have 
deferred  the  description  until  now.  An  efficient,  heavy,  preferably  already  folded 
filter  (machine-folded  filters  are  by  far  the  best)  is  carefully  opened  and  adjusted  m 
the  funnel;  then,  with  the  greatest  care,  thoroughly  moistened  with  boiling  water;  - 
a moment  is  allowed  for  the  contraction  of  the  filter,  which  always  takes  place,  it  is 
then  again  moistened  with  boiling  water,  the  excess  poured  off,  and  the  agar  or 
o-elatin  poured  down  a glass  rod  on  to  the  side  of  the  filter — not  into  the  center  and 
never  rapidly,  as  either  may  break  the  paper.  In  the  case  of  agar  it  is  best  to  have 
it  boiling  and  add  but  250  c.c.  or  less  to  the  filter  at  one  time,  keeping  the  remainder 
hot  in  the  water-bath  and  heating  to  boiling  just  before  pouring  into  the  filter.1 
Gelatin  cannot  be  boiled  very  long  or  it  may  fail  to  gelatinize;  with  agar  this  danger 
is  not  present.  Gelatin  burns  to  the  pan  unless  carefully  watched;  agar  may  do  so, 
but  less  frequently.  Gelatin  should  always  be  cleared  by  an  egg;  agar  may  be,  but 

does  not  require  it.  Agar  solidifies  at  about  420  C.,  and 
melts  only  near  the  boiling-point;  it  is  not  so  clear  as 
gelatin,  but,  as  it  can  be  incubated,  has  many  advantages, 
it  remains  solid  when  prepared  with  glycerin  bouillon, 
which  gelatin  does  not  always  do.  _ , 

Urine  agar,  which  is  particularly  useful  for  the  culti- 
vation of  the  gonococcus,  is  made  by  using  urine  instead 
of  bouillon.  The  urine  is  neutralized  or  rendered  faintly 
alkaline,  or  it  may  be  used  in  its  acid  condition.  One 
per  cent,  of  peptone  and  0.5  per  cent,  of  salt  may  be 
added,  although  this  is  not  ordinarily  necessary.  After 
filtration,  preliminary  boiling,  and  filtration  while  hot  and 
again  when  cold,  the  agar  is  added,  dissolved,  and  filtered 
as  already  directed. 

Neutral  red  or  other  anilin  dyes,  as  well  as  sugars, 
may  be  added  to  agar  for  determining  certain  reactions, 
some  of  which  are  specific,  of  bacteria. 

Salt  in  the  proportion  of  2.5  per  cent,  may  be  added 
to  agar  for  the  identification  of  B.  pestis.  For  the  prepa- 
ration of  agar  media  containing  blood  and  blood-serum 
see  page  1055. 

Culture  Containers. — Cultures  may  be  made  in  bottles,  flasks,  or  test-tubes; 
the  last  two  are  the  most  used.  If  perfectly  new,  a thorough  rinsing  in  clean  water 
will  suffice;  if  the  tubes  have  contained  cultures,  or  have  in  them  cultures  either 
growing  or  dead,  they  should  be  placed  in  the  sterilizer  for  a couple  of  hours,  with  the 
cotton  plugs  in  place;  remove  from  sterilizer,  take  out  the  plugs,  pour  out  the  con- 
tents of  the  tubes,  and  boil  one  hour  in  a two  per  cent,  solution  of  washing  soda; 
wash  with  test-tube  brush  and  rinse  in  several  changes  of  clean  water;  rinse  in  a one 
per  cent,  solution  of  hydrochloric  acid;  carry  through  several  changes  of  water,  and 
dry  with  bottom  upward.  When  dry,  plug  with  cotton;  for  this  purpose  ordinary 
cotton  batting,  clean  and  free  from  the  cotton  hulls,  is  used.  Absorbent  cotton 
possesses  no  advantages.  A more  or  less  square  or  octagonal  disc  of  cotton,  about 
10  cm.  in  diameter,  has  its  comers  folded  into  the  center  so  as  to  make  a plug 
twice  as  long  as  the  diameter  of  the  tube  or  the  neck  of  the  flask.  The  plug 
should  fit  so  tightly  that  the  tube  or  flask  can  be  lifted  safely  by  the  cotton  plug, 
which  should  enter  the  mouth  to  a distance  equal  to  twice  the  diameter  of  the  tube 
or  the  neck  of  the  bottle  or  flask,  and  should  project  at  least  1 cm. 

1 For  other  methods  of  clarifying  agar  see  Alleger,  Jour,  of  Applied  Microscopy,  January,  1898;  also 
Carter,  Jour,  of  Applied  Microscopy,  April,  1898. 


Fig.  545. — Test-tube  Basket, 
Made  op  Tinned  Metal, 
for  Holding  Test-tubes. 

These  baskets  should  be  125 
by  100  mm.,  and  150  mm. 
high. 
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The  test-tube  used  for  cultures  should  be  of  the  best  Bohemian  glass,  with  a 
lumen  of  13  mm.  to  15  mm.,  and  130  mm.  to  150  mm.  in  length.  The  best  flasks 
are  of  the  Erlenmeyer  form,  with  a capacity  of  100  c.c.  Larger  sizes,  250  c.c.  to  1000 
c.c.,  will  be  needed  for  storing  media. 

After  cleansing  and  plugging,  the  tubes  and  flasks  are  put  in  the  hot-air  sterilizer 
for  twenty  minutes  at  130°  C.  In  the  absence  of  a hot-air  sterilizer  any  cooking 
oven  may  be  used,  leaving  the  tubes  in  the  oven  until  the  cotton  just  begins  to  brown, 
approximately  1 40°  C.  The  tubes  are  now  ready  to  receive  the  medium.  By  means 
of  a perforated  cork  and  a short  glass  tube,  a rubber  tube  10  cm.  long  is 
attached  to  the  tubulature  at  the  bottom  of  an  ordinary  percolator  or  funnel;  at  the 
lower  end  of  the  rubber  tube  a second  [glass  tube  is  connected  so  that  it  projects 


Fig.  546. — Double-wall  Hot-air  Sterilizer, 
for  Sterilizing  Test-tubes,  Glassware,  and 
Other  Laboratory  Appliances  and  Instru- 
ments. 


Fig.  547.' — Diagram  of  Interior  of  Hot-air 
Sterilizer.  ( Coplin  and  Bevan.) 

The  construction  must  be  such  that  a jacket  of 
hot  air  surrounds  the  inside  chamber,  and 
thereby  assures  an  equal  distribution  of  heat  to 
the  interior. 


about  10  cm.  below  the  rubber  tube;  the  latter  is  then  collapsed  by  means  of 
a thumb  pinch-cock  (Mohr’s  spring  pinch-cock)  applied  to  the  rubber  tubing  be- 
tween the  ends  of  the  two  glass  tubes.  The  liquefied  medium  is  poured  into  the 
percolator;  the  test-tubes  are  then  arranged  in  the  baskets  at  the  side  of  the  percolator. 
A test-tube  or  flask  is  grasped  by  the  left  hand,  preferably  by  the  thumb  and 
index-finger;  the  cotton  is  rotated  and  loosened  by  means  of  the  thumb  and  index- 
finger  of  the  right  hand,  and  removed  by  grasping  the  projecting  tip  between  the  ring- 
and  little  fingers  of  the  right  hand;  the  tube  is  now  carefully  slipped  over  the  filling 
tube  from  the  percolator,  care  being  taken  that  no  fluid  comes  in  contact  with  that 
portion  of  the  tube  into  which  the  cotton  plug  is  to  go;  relax  the  pinch-cock  and  admit 
to  the  test-tube  or  flask  the  desired  quantity;  close  the  pinch-cock,  remove  the  tube, 
vising  the  same  care  to  avoid  wetting  the  mouth  of  the  tube,  and  reinsert  the  cotton  plug. 
This  is  repeated  until  the  desired  number  of  tubes  or  flasks  are  filled.  If  any  of 
the  medium  remains,  it  may  be  run  into  a flask,  sterilized  as  will  be  directed 
later,  and  preserved  for  future  use.  The  amount  of  medium  placed  in  each  tube 
varies  with  the  medium  and  the  purpose  for  which  it  is  intended.  For  some  ex- 
periments a measured  quantity  will  be  needed,  but  for  ordinary  purposes  the  tube 
should  be  about  half  filled  with  bouillon  or  gelatin,  and  with  agar  to  a depth  equal  to 
a little  more  than  twice  the  diameter  of  the  tube.  Flasks  should  never  be  more 
than  half  full  when  intended  for  culture,  and  often  very  much  less  will  be  sufficient. 
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Sterilization. — The  Arnold  steam  sterilizer  or  the  autoclave  is  used.  If  the 
former  is  selected,  fractional  sterilization  is  best,  keeping  filled  tubes  in  the  steam 
chamber,  at  ioo°  C.,  thirty  minutes  a day  for  three  successive  days;  in  the  intervals 
between  sterilization  they  are  kept  at  room-temperature.  The  object  of  this  is 
to  destroy  all  organisms  in  the  adult  or  fully  developed  stage.  It  is  known  that 
spores  are  not  destroyed  by  a temperature  of  ioo°  C.  unless  it  be  very  long  applied; 

any  spores  escaping  the  heat  on  the  first  day  are  given  time 
to  develop  by  the  second  day,  or,  to  assure  their  being  killed, 
a third  sterilization  is  practised.  Experience  teaches  that 
this  is  usually  sufficient;  however,  the  tubes  should  be 
watched  for  three  or  four  days,  and  if  any  of  them  show  a 
growth,  the  process  should  be  repeated  for  all. 

By  means  of  the  autoclave  a temperature  of  130°  C.  is 
obtained  in  the  steam  chamber,  which,  in  from  twenty  to 
thirty  minutes,  destroys  both  fully  developed  bacteria  and 
their  spores;  it  is  of  great  convenience  for  bouillon,  agar, 
potatoes,  milk,  and  many  other  culture  media,  but  cannot  be 
used  for  blood-serum  or  gelatin.  The  latter  usually  fails  to 
gelatinize  after  being  subjected  to  the  high  temperature; 
indeed,  gelatin  must  always  be  sterilized  with  the  greatest 
care,  as  prolonged  exposure,  even  to  the  temperature  of 
ioo°  C.,  should  be  avoided.  Potatoes  require  prolonged 
exposure  to  high  temperature,  as  they  usually  contain  earth 
organisms  difficult  to  destroy. 

Slant  Cultures. — In  order  to  increase  the  surface  area  of 
media  containing  agar  or  blood-serum,  the  tubes,  while  the 
medium  is  in  a liquid  state,  are  inclined  with  the  mouth 
just  high  enough  to  prevent  the  agar  flowing  up  to  the  cotton ; 
when  “set,”  they  may  be  stood  on  end,  as  other  tubes. 

To  Prevent  Stored  Media  from  Drying. — For  this  purpose 
the  writer  has  tried  rubber  caps,  rubber  tissue,  oiled  paper, 
cork  and  rubber  stoppers,  and  the  paraffin  method,  none  of 
which  seems  fully  satisfactory.  One  of  the  best  methods  is 
to  trim  the  cotton  even  with  the  top  of  the  tube,  and  push 
it  down  0.5  cm.  below  the  tube-lip;  take  a coin  of  proper 
size  to  drop  just  inside  the  lip  of  the  tube;  heat  the  lip  of 
the  tube  and  the  body  of  the  tube  as  far  down  as  the  cotton 
extends,  until  the  cotton  is  slightly  browned,  and  at  the  same 
time  heat  the  coin;  drop  the  coin  upon  the  tube,  and,  while 
still  warm,  seal  it  to  the  tube  at  the  margin,  using  for  this 
purpose  a good  quality  of  stationer’s  sealing-wax.  This 
process  is  tedious,  and  is  most  useful  for  tubes  containing 
cultures  that  require  long  incubation,  such  as  the  tubercle 
bacillus.  A much  more  useful  plan,  and  one  almost  as  effi- 
cient, consists  in  pushing  the  cotton  down,  heating  the  mouth 
of  the  tube  and  inclosed  cotton,  and  placing  over  the  end  a 
disc  of  quite  thick  tin-foil,  which  is  evenly  folded  over  the 
lip  of  the  test-tube.  For  this  purpose  commercial  tin-foil, 
which  contains  a relatively  large  proportion  of  lead,  may  be 
used,  as  it  is  much  cheaper  than  chemically  pure  tin.  Such  a cap  is  easily  removed 
and  replaced.  It  offers  all  the  advantages  of  rubber,  and  can,  if  sufficiently  heavy, 
be  readily  sterilized. 

Dunham’s  Peptone  Solution. — Rub  up  in  a mortar  five  grams  of  salt  and  ten 
grams  of  peptone,  with  enough  water  to  make  a paste;  finally  dilute  to  1000  c.c., 
boil,  and  filter.  As  a rule,  the  filtrate  is  neutral  or  alkaline;  in  either  case,  after  steril- 
izing as  already  described  for  bouillon,  it  is  ready  for  use. 

Pure  Cultures. — A pure  culture  is  one  containing  the  progeny  of  a single  germ; 
for  example,  a pure  culture  of  the  tubercle  bacillus  must  contain  no  other  germ. 
When  two  kinds  of  bacteria  are  growing  together,  the  growth  is  said  to  be  a mixed 
culture.  Under  nearly  all  conditions  various  organisms  are  found  together,  and  in 
order  to  separate  them  we  must  resort  to  plating.  The  object  to  be  attained  is  the 
separation  of  each  germ,  in  order  to  enable  it  to  develop  a colony  by  itself;  so  that,  if 
the  original  mixture  contained  three  kinds  of  bacteria,  we  may  obtain  three  kinds  of 
colonies,  and  from  these  obtain  cultures  which  have  but  the  one  variety — that  is,  a 
pure  culture  of  each. 

Bottle  Plates. — Any  strong,  clear,  flat-sided  bottle  will  do.  The  capacity  should 


Fig.  548. — Tube  Filler. 

Apparatus  to  be  attached 
to  the  lower  end  of  a 
funnel,  as  shown  in  the 
cut,  for  use  in  filling  test- 
tubes.  The  outside  glass 
tube  prevents  the  me- 
dium that  flows  from 
the  inside  tube  from 
coming  in  contact  with 
the  mouth  of  the  test- 
tube  during  introduc- 
tion or  withdrawal.  A. 
Mohr’s  spring  pinch- 
cock. 
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Fig.  549. — Arnold’s  Steam  Sterilizer,  Boston  Board  of  Health  Form. 
This  is  the  most  convenient  and  the  best  sterilizer  for  general  laboratory  purposes. 


Fig.  550.— Autoclave,  or  Digestor,  Used  for  Sterilizing  by  Steam  Under  Pressure. 

The  lid  is  held  in  place  by  three  winged  nuts,  which  are  thrown  down  to  the  side  in  order  to  raise  the  lid  • 
The  solid  copper  chamber  on  the  inside  has  placed  in  it  two  liters  of  water,  and  the  material  to  be  steril- 
ized is  placed  upon  the  tray  with  perforated  bottom  shown  at  the  side  of  the  cut;  this  is  then  placed 
inside  of  the  autoclave,  and  the  lid  is  closed  down  and  secured  by  the  winged  nuts;  the  gas  is  now 
lighted  and  the  heat  applied  until  steam  escapes  from  the  small  cock  at  the  left,  which  is  then  closed. 
The  pressure  within  the  apparatus  now  rises  until  the  safety-valve,  which  may  be  set  at  any  pressure, 
blows  off.  Sterilization  by  this  means  may  be  secured,  at  temperatures  ranging  from  100°  C.  to 
140°  C.,  in  from  twenty  to  forty  minutes. 
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be  about  500  c.c.;  clean,  plug  with  cotton,  and  sterilize  in  hot-air  sterilizer;  charge 
with  gelatin  or  agar,  usually  about  20  c.c.,  Sterilize  as  already  directed  for 
culture  media,  and  set  the  bottle  aside  until  wanted  for  plating;  to  prevent 
the  medium  from  drying,  the  cotton  may  be  pushed  downward  in  the  neck 
so  as  to  admit  a short  rubber  stopper,  or  the  neck  and  lip  may  be  covered  with  tin- 
foil  as  already  directed.  As  a rule,  the  bottle  will  be  used  within  one  month,  during 
which  time  it  should  not  become  dry.  When  ready  for  use,  at  least  three’  bottles 
will  be  needed.  Liquefy  the  medium  in  the  sterilizer  or  water-bath;  cool  to  50°  C. 
or  below,  inoculate  the  first  bottle  with  a small  loopful  of  the  mixed  culture  or  sus- 
pected material,  as  pus  or  blood,  replace  the  cotton  plug,  and  shake,  to  thoroughly 
mix;  inoculate  the  second  bottle  by  carrying  a loopful  from  the  first  to  the  second, 
replace  the  plug,  and  shake;  and  in  the  same  manner  inoculate  a third  bottle  from 
the  second,  and  shake  as  before.  Lay  the  three  bottles  on  the  flat  side;  the  medium 
will  spread  out  and  cover  the  side  of  the  bottle;  label  the  three  bottles  a,  b,  and  c, 
the  first  being  a. 

Petri  Dish  Plates. — Three  or  more  test-tubes  containing  sterile  agar-agar  or 
gelatin,  filled  to  within  an  inch  or  so  of  the  cotton,  as  already  directed,  are  placed  in 

a water-bath  or  a sterilizer  and  the  contained 
medium  liquefied;  while  this  is  in  progress  an 
equal  number  of  Petri  dishes  are  sterilized  in  the 
hot-air  chamber  and  allowed  to  cool.  The 
liquefied  medium  is  cooled  to  below  50°  C.  A 
tube  is  inoculated  with  the  material  to  be  plated, 
as  directed  for  bottles ; from  the  first  tube  a second 


Fig.  551. — Blake  Bottle,  Used  for  Bottle 
Plates.  ( Coplin  and  Bevan.) 


Fig.  552. — Dish  Devised  by  Petri. 
Used  almost  exclusively  for  plating;  the  most 
convenient  diameter  is  from  100  to  120  mm. 


is  inoculated,  and  from  the  second  a third,  and  so  on,  each  tube  having  the  medium 
thoroughly  mixed  by  using  the  inoculating  needle  as  a stirrer.  Remove  the  cotton 
from  the  first  tube  and  pass  the  lip  of  the  tube  through  the  flame;  raise  the  lid  of 
a sterile  Petri  dish  just  enough  to  get  the  mouth  of  the  tube  under  it,  and  quickly 
pour  the  contents  of  the  tube  into  the  dish,  which  is  then  gently  tilted  from  side 
to  side  in  order  to  distribute  the  medium  uniformly.  A second  dish  receives  in  the 
same  way  the  contents  of  the  second  tube,  and  so  on,  through  as  many  tubes  as 
may  be  desired.  The  plates  are  labeled  as  directed  for  the  bottles. 

Esmarch’s  Tube  Plates. — Three  or  more  tubes  of  sterile  agar  or  gelatin,  each 
tube  not  containing  more  than  2 or  3 c.c.  of  the  medium,  are  liquefied  and 
inoculated  as  directed  for  the  Petri  dish  method.  A channel  is  made  on  the 
upper  nearly  flat  surface  of  a block  of  ice  by  laying  upon  it  a test-tube  of  the  same 
size  as  those  to  be  used,  filled  with  hot  water  and  corked,  the  stoppered  end  project- 
ing beyond  the  edge  of  the  ice;  this  tube  is  rolled  over  and  over  in  the  same  spot 
until  the  channel  half  buries  it,  the  bottom  being  a little  lower  than  the  corked  end. 
Into  this  groove  one  of  the  infected  tubes  is  laid  so  that  the  medium  flows  up  to 
within  2 cm.  of,  but  does  not  touch,  the  cotton;  the  tube  is  then  rolled,  at  first 
slowly,  then  more  quickly,  until,  within  the  first  minute,  it  is  spun  rapidly;  the 
medium  in  this  way  is  congealed  over  the  entire  inside  of  the  tube  nearly  up  to  the 
cotton;  if  the  latter  comes  in  contact  with  the  medium,  it  prevents  easy  removal 
of  the  plug  by  making  it  stick  to  the  side  of  the  tube.  Each  tube  is  treated  in  the 
same  way,  after  which  it  is  labeled  as  directed  for  other  plates.  When  set,  the  tubes 
are  placed  on  end.  With  gelatin  this  can  be  done  quickly;  with  agar,  however,  the 
tube  must  be  kept  in  a nearly  horizontal  position  for  several  hours,  generally  over 
night,  otherwise  the  agar  may  slip  down. 

After  the  plates  are  made  by  either  of  the  foregoing  methods  growth  of  the  bac- 
teria is  awaited;  agar  may  be  incubated.  At  the  end  of  a varying  period  the  colonies 
appear  as  distinct  dots  in  and  on  the  culture  medium.  In  plate  a they  are  commonly 
too  close  together  to  be  distinct;  plates  b and  c will  be  better.  Select  an  isolated 
colony  and  transplant  into  a test-tube  in  the  following  manner: 

Heat  to  redness  the  entire  length  of  the  platinum  needle,  at  the  same  time  ex- 


BACTERIOLOGIC  TECHNIC. 


1065 


posing  to  the  flame  all  of  the  glass  rod  that  is  likely  to  enter  the  test-tube,  bottle,  or 
dish.  If  the  colony  to  be  removed  is  within  a bottle  or  test-tube,  it  is  best  to  bend 
the  tip  of  the  inoculating  wire  like  the  letter  L;  immediately  after  sterilizing  the 
needle,  holding  it  like  a pen  in  the  right  hand,  take  the  bottle  and  test-tube  or  both 
test-tubes  in  the  left  hand;  remove  the  plugs  from  the  tubes  or  bottles  by  grasping 
the  projecting  cotton  of  both  tubes  between  the  middle  finger  and  ring-finger  and 
the  ring-finger  and  little  finger  of  the  right  hand;  pass  the  lip  of  the  bottle  or  tube 
through  the  flame  to  burn  off  any  adhering  dust;  introduce  the  needle  into  the  bottle 
or  tube,  and  lightly  touch  the  colony  from  which  it  is  desired  to  obtain  a culture;  this 
will  infect  the  needle;  quickly  withdraw  the  needle  and  pass  it  into  the  tube  containing 
the  medium  to  be  inoculated.  The  inoculation  may  be  made:  (a)  a streak  or  stroke 
culture,  in  which  case  the  needle  is  drawn  from  below  upward  in  a straight  line  over 
the  slanting  surface  of  an  agar  or  blood-serum  tube;  (6)  a smear  culture,  made  by 
gently  rubbing  the  infected  wire  over  the  surface  of  the  medium;  or  (c)  a stab  cul- 
ture, made  by  a straight  needle-thrust,  from  above  downward,  through  the  medium. 
Stroke  and  smear  cultures  are  the  most  used  on  all  solid  media  except  gelatin,  in 
which  stab  cultures  are  best.  In  transplanting  from  a Petri  dish  culture,  the  lid  is 
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Fig.  553- — Platinum  Inoculating  Needles  Mounted  in  Glass  Rods. 

Showing  the  shape  of  the  ends  as  may  be  found  useful  for:  a,  stab  cultures  and  stroke  cultures;  b and  c , 

stroke  cultures  and  smear  cultures. 


raised  barely  enough  to  introduce  the  previously  sterilized  needle,  which  is  then 
touched  upon  the  colony,  removed,  and  applied  to  the  culture  tube  as  previously 
directed. 

The  platinum  needle  used  in  bacteriologic  work  consists  of  a platinum  wire, 
from  1 mm.  to  2 mm.  in  thickness  and  from  5 cm.  to  8 cm.  in  length,  fused  into 
the  end  of  a glass  rod  about  5 cm.  in  thickness  and  from  14  cm.  to  18  cm.  long.  The 
rod  is  used  as  a holder  or  handle  for  the  loop.  The  latter  is  variously  curved, 
looped,  or  may  be  used  straight,  as  for  stab  cultures.  (See  Fig.  553.) 

Bacteriologic  Examination  of  Water  and  Other  Fluids.1 — Sterilize  a container  in 
the  hot-air  sterilizer,  and  collect  the  water  for  examination.  As  bacteria  multiply 
very  rapidly,  the  examination  should  be  made  as  soon  as  possible  after  collection; 
after  a few  hours’  stand,  particularly  if  the  weather  be  warm,  the  results  obtained 
will  be  without  value  as  to  quantity  of  bacteria. 

Prepare  a dozen  Petri  dishes  and  a corresponding  number  of  tubes  for  plating. 
Sterilize  pipets  so  graduated  as  accurately  to  measure  0.02  to  1 c.c.  Thoroughly 
agitate  the  water  in  order  to  diffuse  the  bacteria  equally  throughout  the  specimen, 
and  fill  a sterile  pipet  with  the  sample  under  examination.  The  test-tubes  of  media, 
gelatin  or  agar,  having  been  liquefied,  are  cooled  to  450  C.  in  a water-bath;  to  each 
of  two  of  the  tubes  is  added  0.02  c.c.  of  the  infected  water;  to  another  pair  of  tubes 
0.05  c.c.  of  water  is  added;  to  another,  0.075  c.c.;  to  another,  0.1  c.c.;  to  another, 
0.5  c.c.;  and  to  another,  1.0  c.c.  The  tubes  are  thoroughly  shaken,  immediately 
poured  in  the  usual  way,  and  set  aside  for  the  colonies  to  develop.  If  agar  has  been 
used,  the  plates  may  be  incubated.  As  soon  as  the  colonies  develop  they  are  counted. 
A Petri  dish  counting  apparatus  may  be  used,  or  a slate  upon  which  has  been 
ruled  a diagram  like  that  shown  in  figure  545.  All  the  colonies  in  the  plate  may  be 
counted  or  the  number  determined  in  one,  two,  or  more  of  the  wedge-shaped  areas 
bounded  by  the  radii  and  the  arc,  and  the  resulting  number  found  for  one  wedge- 
shaped  area  multiplied  by  the  total  number  of  divisions — sixteen.  The  number  of 
colonies  found  in  the  whole  plate  represents  the  number  of  bacteria  in  the  water  used 

1 Bacteriologic  examinations  of  water  and  air  are  introduced  here  as  good  examples  of  the  practical 
application  of  improved  plating  methods,  and  in  order  that  the  student  may  familiarize  himself  with  the 
technic  of  preparing  plates  and  securing  pure  growths  therefrom. 
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for  the  plate.  For  example:  Several  areas  counted  give  an  average  of  twenty  col- 
onies to  each  area;  there  are  sixteen  areas : 20  X 16  = 3 20,  the  total  number  of  colonies 

in  the  plate;  assuming  that  the  quantity  of  water  used  in  making  the  plate  was 
0.1  c.c.,  then  1 c.c.  contains  ten  times  320  or  3200  bacteria.  If  different  quantities  of 
water  are  used,  the  result,  reduced  to  the  unit — say,  1 c.c. — should  be  approximately 
the  same,  one  series  being  a control  for  the  others. 


Fig.  554. — -Method  of  Holding  Tubes,  Cotton,  and  Platinum  Wire  While  Inoculating  Solid  Media. 

( Koch's  method,  modified  from  Woodhead.) 

The  tubes  c and  d are  grasped  as  shown  in  the  illustration.  The  cotton  from  d is  removed,  with  the  thumb 
and  index-finger  of  the  right  hand,  and  held  between  the  ring-finger  and  little  finger  of  the  left  hand, 
at  b;  that  portion  of  the  cotton  which  was  within  the  tube  is  not  touched  by  the  fingers,  but  is  directed 
upward.  In  the  same  way  the  cotton  is  now  removed  from  the  tube  c and  grasped  by  the  ring-finger 
and  middle  finger  as  at  a,  the  same  precautions  being  used  as  described  for  the  other  tube.  The  lips 
of  the  tube  are  now  passed  quickly  through  the  flame  of  a Bunsen  burner,  to  remove  any  adhering  dust, 
and  the  platinum  wire  and  the  glass  rod  are  sterilized  in  the  flame,  the  rod  being  heated  to  a greater 
distance  than  it  is  expected  to  enter  the  tube.  Supposing  that  d is  the  tube  from  which  it  is  desired 
to  remove  the  culture,  and  c is  to  receive  it:  the  platinum  wire,  while  still  warm,  is  thrust  into 
the  culture  medium  to  one  side  of  the  growth  to  cool  the  needle;  the  growth  is  then  touched  by  the 
needle,  thus  infecting  the  needle,  which  is  quickly  withdrawn  and  the  tube  c inoculated;  immediately 
upon  the  withdrawal  of  the  inoculating  needle  the  cotton  stoppers  are  placed  in  their  respective  tubes,  ■ 
and  the  needle  is  at  once  sterilized  and  set  aside.  Never  lay  down  an  infected  needle.  The  tube  inoculated 
is  labeled,  dated,  etc.,  and  set  aside  for  observation.  All  this  can  be  done  quickly,  and  the. beginner 
should  practice  the  manipulation  on  tubes  of  media  which  are  not  infected ; if  they  become  infected 
during  the  process,  his  technic  is  faulty,  and  should  be  perfected  before  working  with  pure  cultures. 

In  the  examination  of  sewage  and  of  other  materials  exceedingly  rich  in  bacteria 
the  large  number  of  organisms  present  in  even  the  smallest,  most  easily  measured 
quantity  may  be  too  great  for  satisfactory  counting.  To  avoid  this  difficulty,  the 
material  to  be  examined  is  diluted  with  an  equal  quantity  of  sterile  water;  should 
this  not  be  sufficient,  further  dilutions  may  be  made.  In  the  final  calculation  the  '* 
dilution  must  be  taken  into  consideration. 

The  foregoing  test  determines  the  number  of  bacteria  per  c.c.  in  the  sample. 

If  it  is  desired  to  find  what  germs  are  present  in  the  water  to  make  the  test  complete, 
the  colonies  are  transplanted  and  studied  as  already  directed  when  considering  pure 
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cultures.  (See  table  illustrating  the  method  of  recording  principal  characters  of 
an  organism,  p.  1085.) 

Bacteriologic  Examination  of  Air. — The  principle  upon  which  the  examination 
is  conducted  is  to  depend  either  upon  sedimentation  upon  a sterile  surface,  as  a 
Petri  dish  containing  media — a very  unsatisfactory  method — or  to  secure  the 
bacteria  in  a sterile  filter  by  aspirating  through  it  a known  volume  of  air.  Fig.  556, 
with  the  attached  legend,  will  explain  the  methods  used. 

Staining  Bacteria.  Staining  bacteria  greatly  facilitates  the  study  of  their 
morphologic  characters.  For  this  purpose  the  anilin  dyes  are  almost  exclusively  used. 


Fig.  555- — Apparatus  for  Counting  Colonies.  ( Pakes .) 

Petri  dishes  are  placed  upon  the  ruled  circle,  and  the  colonies  counted  as  directed  in  the  text.  An  ordinary 
slate  may  be  ruled  as  in  the  above  figure  and  used  for  the  same  purpose. 

The  anilin  stains  commonly  used  in  the  laboratory  are  fuchsin,  gentian-violet, 
methylene-blue,  and  a few  others;  they  are  all  applied  in  practically  the  same 
manner.  For  stock,  it  is  best  to  keep  the  dye  as  a saturated  alcoholic  solution. 
For  staining,  however,  alcoholic  solutions  are  of  little  value,  as  they  do  not  seem  to 
possess  the  penetration  of  watery  solutions.  The  usual  strength  employed  is 
one  to  two  per  cent,  aqueous  solution  of  the  dye;  the  stains  are  unpleasant  to  handle 
and  may  be  prepared  as  follows : To  a test-tube — diameter  13  mm.  to  1 5 mm. — two- 

thirds  full  of  distilled  water  add,  drop  by  drop,  a saturated  alcoholic  solution  of  the 
dye  until  the  water  is  barely  transparent.  This  is  then  poured  into  a bottle  adapted 
with  a Barnes  dropper.  (See  cut  of  appropriate  stain  bottle,  p.  1049.)  The  solution 
so  prepared  is  about  1.7  per  cent.,  and  may  be  used  whenever  a one  or  two  per  cent, 
solution  of  the  dye  is  recommended.  The  addition  of  carbolic  acid  to  aqueous 
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solutions  of  some  anilin  dyes  seems  to  enhance  their  staining  power  and  keeping 
properties.  For  this  reason,  instead  of  plain  distilled  water,  as  previously  recom- 
mended, many  workers  use  a five  per  cent,  aqueous  solution  of  chemically  pure 
carbolic  acid.  It  is  of  the  greatest  importance  that  the  carbolic  acid  should  be  pure; 
many  of  the  samples  of  the  commercial  acid  contain  impurities  that  are  injurious 
to  the  anilin  dyes. 

One  of  the  most  useful  stains  is  the  Koch-Ehrlich  anilin  water  gentian-violet 
solution.  This  should  be  freshly  prepared  as,  at  best,  it  keeps  but  a few  days. 
Take,  in  a test-tube,  about  20  cm.  of  distilled  water;  add  anilin  oil,  drop  by  drop, 
shaking  thoroughly  until  no  more  of  the  anilin  is  dissolved,  the  drops  floating  on  and 
in  the  water,  which  may  become  milk-like  as  the  result  of  emulsification  of  the  oil; 
filter  until  clear;  usually  one  filtration  is  enough,  but  occasionally  two  or  three  are 
required. 

Formula  for  stain: 


Saturated  solution  of  anilin  oil  in  distilled  water,  84  parts. 

Saturated  alcoholic  solution  of  gentian-violet, 16  parts. 


a 


Fig.  556. — Hesse’s  Aeroscope. 

This  consists  of  a hollow  cylinder  of  glass,  a,  60  cm.  in  length,  4 cm.  in  diameter,  plugged  with  cotton 
at  both  ends,  sterilized,  and  charged  with  a layer  of  culture,  much  as  the  Esmarch  plates.  The  two 
ends  are  covered  by  caoutchouc,  one  of  the  rubber  caps  having  a hole  to  admit  a glass  tube  by  which 
the  tube  a is  connected  with  the  gravity  flask  b,  which  is  further  connected  to  the  flask  c.  The  flask 
b is  filled  with  water.  When  ready  for  use,  the  rubber  cap  and  the  cotton  plug  at  d are  removed,  the 
flask  b is  tilted  so  that  the  contained  water  flows  into  the  flask  c,  thereby  aspirating  as  much  air  into 
the  tube  a as  water  is  allowed  to  flow  from  the  upper  to  the  lower  flask.  The  tube  a is  now  plugged, 
and  set  aside  for  colonies  to  develop.  These  can  be  counted  and  transplanted  as  in  other  plate  methods. 
Petri  has  improved  the  foregoing  by  substituting  for  the  tube  a a short  tube  packed  with  sand  and 
sterilized,  aspirating  air  through  it,  and  then  mixing  the  sand  with  gelatin  and  pouring  into  plates. 
Sedgwick  and  Tucker  use  sterilized  granulated  sugar  instead  of  the  sand.  The  sugar  and  sand  methods 
give  the  best  results. 


As  it  is  not  desired  to  stain  laboratory  utensils  any  more  than  can  be  avoided, 
it  has  been  found  that  practically  the  same  results  as  those  secured  by  measuring 
can  be  obtained  by  dropping  the  solutions:  100  drops  of  the  anilin  water,  21  drops 
of  the  alcoholic  solution  of  the  dye,  and  20  drops  of  alcohol. 

Ldjfler’ s Alkaline  Methylene -blue  Solution: 

Saturated  alcoholic  solution  of  methylene-blue,  3 parts. 

Aqueous  solution  of  caustic  potash  (1:10, 000), 1 100  parts. 

Ziehl’s  Carbolfuchsin. — For  formula,  see  page  1051.  This  is  probably  the  most 
useful  bacterial  stain  yet  introduced. 

To  Stain  Bacteria. — Thoroughly  cleanse,  dry,  and  polish  a cover-glass;  grasp 
it  with  cover-glass  forceps  and  pass  through  the  flame  a number  of  times  to  burn 
off  any  adhering  bacteria  or  other  organic  material;  avoid  over-heating,  as  the 
cover  may  warp  or  crack.  Spread  on  this,  with  a previously  well  sterilized  platinum 
loop  or  needle,  a thin  film  of  the  material;  permit  it  to  dry  without  using  any  arti- 
ficial heat.  It  is  then  “fixed”  by  passing  through  the  flame,  as  follows:  Stand 

about  30  cm.  from  the  flame  and  carry  the  cover-glass  through  a circle,  the  diameter 
of  which  is  represented  by  the  distance  between  the  flame  and  the  worker;  pass 
it  through  the  flame  several  times.  Stain  from  two  to  ten  minutes;  wash  thoroughly 
in  water,  dry,  and  mount  with  the  film  side  downward.  Films  must  be  thoroughly 
dried  before  mounting;  evaporation  of  the  water  accomplishes  the  same  result  as 

1 This  dilution  may  be  conveniently  made  by  adding  1 c.c.  of  a one  per  cent,  solution  to  99  c.c.  of 
water. 
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the  application  of  alcohol  in  sections — dehydration;  the  use  of  a clearing  agent, 
such  as  creasote  or  cedar  oil,  is  usually  unnecessary,  as  the  residual  oil  present  in  the 
balsam  will  clear  satisfactorily,  provided  the  film  is  dry.  The  presence  of  either 
alcohol  or  water  in  the  film  when  mounted  on  balsam  leads  to  more  or  less  emulsifica- 
tion of  the  residual  oil  in  the  balsam  and  consequent  clouding. 

Temporary  mounts  are  often  made,  thereby  avoiding  the  use  of  reagents  so  dis- 
agreeable and  sticky  as  damar  or  balsam.  If  the  examination  is  to  be  made  with  a dry 
lens,  the  film  is  turned  over,  with  the  spread  side  downward,  upon  a drop  of  water, 


Figs.  557  and  558. — Two  Forms  of  Stewart’s  Cover-glass  Forceps. 

Method  of  holding  cover-glass  and  applying  the  stain.  Convenient  for  blood  work,  and  absolutely  neces- 
sary for  bacteriologic  work;  useful  also  in  sputum  examination,  etc.  The  lower  instrument  shows  a 
cover-glass  with  stain  in  position.  If  the  cover-glass  be  grasped  with  the  film  or  spread  side  toward 
the  side  of  the  forceps  that  has  the  circular  bend  intended  to  fit  the  thumb,  shown  at  A,  there  will  be 
no  danger  of  losing  trace  of  the  side  containing  the  spread,  as  this  side  of  the  forceps  is  practically 
always  upward. 

the  excess  of  which  is  removed  to  prevent  the  cover-glass  from  floating.  When 
an  oil-immersion  lens  is  to  be  applied,  the  most  satisfactory  temporary  mounts  are 
made  in  immersion  oil.  The  thoroughly  dried  film  receives  in  its  center  a droplet  of 
cedar  oil,  and  is  then  inverted  on  the  slide;  a droplet  of  oil  is  placed  on  its  upper 
surface,  and  the  examination  is  proceeded  with  in  the  usual  manner.  For  method 
of  focusing  immersion  objective,  see  page  1053.  Spreads  can  be  made  directly  on 
the  slide,  followed  by  fixation,  staining,  etc.  Such  spreads  may  be  examined 
without  a cover-glass — a method  commonly  in  vogue,  but  one  with  which  the  writer 
is  not  in  sympathy. 


Fig.  559. — Kalteyer’s  Cover-glass  Forceps. 

This  instrument  may  be  used  exactly  as  the  forceps  shown  in  figures  557  and  558;  in  addition,  it  may  be 
used  as  in  the  illustration.  The  danger  of  forgetting  which  side  of  the  cover  is  coated  is  less  than  with 
any  other  type  of  forceps. 

Weigert’s  Method  for  Sections  of  Tissue  Containing  Bacteria. — Place  sections  for 
from  six  to  eighteen  hours  in  a one  per  cent,  aqueous  solution  of  any  of  the  basic 
anilin  dyes;  after  removal  from  the  stain,  wash  in  one-half  saturated  solution  of 
potassium  carbonate,  then  in  distilled  water,  next  in  sixty  per  cent,  alcohol,  and 
finally  dehydrate  in  absolute  alcohol;  clear  in  oil  of  cloves,  xylol,  or  cedar  oil,  and 
mount  in  xylol  balsam.  Heating  the  stain  or  using  a stronger  solution  hastens  the 
process,  but  the  results  are  less  satisfactory.  In  case  the  particular  basic  dye 
used  gives  an  unsatisfactory  result  another  should  be  tried,  using  the  same  formula 
and  method. 
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Gram's  Method  may  be  used  either  for  cover-glass  films,  prepared  in  the  usual 
way,  or  for  sections.  Stain  in  the  Koch-Ehrlich  solution  made  with  gentian- 
violet  (see  p.  1068),  from  two  to  five  minutes,  rarely  twelve  or  twenty-four  hours; 
rinse  for  a moment  in  water,  and  apply  Gram’s  solution. 

Gram's  I odin-iodo- potassic  Solution: 


Iodin,  j part. 

Potassium  iodid 2 parts. 

Distilled  water,  300  parts. 


In  films,  after  one  or  two  minutes,  the  iodin  solution  is  washed  off  with  water, 
followed  by  alcohol. 

As  soon  as  the  section  becomes  dark  brown,  wash  in  sixty  per  cent,  alcohol, 
dehydrate  in  absolute  alcohol,  continuing  the  latter  as  long  as  any  perceptible 
amount  of  color  is  discharged,  clear  in  oil  of  cloves  or  cedar  oil  in  which  a small 
amount  of  color  may  be  discharged,  pass  through  one  or  two  changes  of  xylol,  and 
mount  in  xylol  balsam.  If  a contrast  stain  is  desired,  apply  a watery  solution  of 
eosin  or  Bismarck  brown  after  washing  in  sixty  per  cent,  alcohol. 

Neisser’s  method  of  spore  staining  consists  in  preparing  the  film  in  the  usual 
manner,  floating  it  upon  the  Koch-Ehrlich  solution  (made  with  gentian-violet)  in 
a watch-glass,  and  heating  to  near  the  boiling-point  for  an  hour.  The  film  is  next 
washed  in  water  and  decolorized  by  a solution  composed  of  twenty-five  parts  of 
hydrochloric  acid  and  seventy-five  parts  alcohol.  This  removes  the  stain  from  the 
bacilli,  but  if  not  allowed  to  act  too  long,  leaves  the  spores  stained.  The  prepara- 
tion is  next  stained  with  methylene-blue,  washed  in  water,  dried,  and  mounted. 

Flagella  Staining.1 — Loffler’s  method  requires  two  fluids,  the  first  being  a 
mordant,  the  second  the  stain.  First  solution  consists  of: 


Aqueous  solution  of  tannin  (20  gm.  tannin  to  80  c.c.  water) 10  c.c. 

Aqueous  solution  of  ferrous  sulphate,  saturated  in  the  cold, 5 c.c. 

Saturated  alcoholic  solution  of  fuchsin 1 c.c. 

The  coloring  solution  is  composed  of  saturated  solution  of  fuchsin  in  anilin 
water,  to  which  are  added  a few  drops  of  caustic  soda  (1:1000)  until  opalescence 
commences.  The  mordant  is  applied  to  the  cover-glass  film,  heating  slowly  over  the 
flame  for  one  minute.  It  is  not  necessary  for  the  liquid  to  boil.  Wash  in  distilled 
water  and  then  in  alcohol.  Stain  by  placing  on  the  film  a drop  of  the  alkaline 
staining  solution,  heating  again  gently  for  one  minute;  wash  in  distilled  water,  dry 
in  air,  and  mount. 

Different  species  of  bacteria  require  an  acid  or  alkaline  reaction  to  the  mordant, 
and  for  this  purpose  two  solutions  are  necessary:  (1)  Caustic  soda,  one  per  cent! 
aqueous;  (2)  an  aqueous  dilution  of  sulphuric  acid,  of  which  1 c.c.  just  neutralizes 
1 c.c.  of  the  alkaline  solution.  For  spirillum  of  cholera,  one-half  to  one  drop  of 
the  acid  solution  to  16  c.c.  of  the  mordant;  for  Bacillus  typhosus,  2 c.c.  of  the  alkali 
to  16  c.c.  of  the  mordant,  and  so  on;  the  number  of  drops  of  either  solution  can  be 
determined  only  by  experiment  upon  the  organism  in  question.  The  Bacillus 
pyocyaneus  and  many  varieties  of  the  spirillum  require  an  acid  reaction,  while  the 
Bacillus  typhosus,  Bacillus  subtilis,  bacillus  of  malignant  edema,  and  bacillus  of 
symptomatic  anthrax  require  an  alkaline  reaction. 

Pitfield  devised  the  following  stain  for  flagella,  using  but  one  solution  for  mor- 
dant and  stain : 


(A)  Saturated  aqueous  solution  of  alum,  

Saturated  alcoholic  solution  of  gentian-violet, 

(B)  Tannic  acid,  

Distilled  water, 


These  are  made  separately,  filtered  and  mixed.  The  resulting  mixture — stain 
and  mordant  combined — is  applied  and  heated  gently  almost  to  boiling-point, 
washed  in  water,  dried,  and  mounted. 

McCrorie  s flagella  stain  is  a single  fluid  having  the  following  composition : 

Night  blue,  saturated  alcoholic  solution, IO  cc 

Tannic  acid,  10  per  cent,  aqueous  solution 10  c.c. 

Alum,  10  per  cent,  aqueous  solution 10  c.c. 

Spreads  are  made  from  cultures  eighteen  to  twenty-four  hours  old;  the  film  is 
dried  and  fixed  as  usual.  The  stain  is  applied  for  two  minutes  cold  and  then  warmed 
until  a faint  haze  of  steam  is  given  off.  Wash  thoroughly  in  water,  drv,  and 

1 See  also  Johnston  and  Mack,  Amer.  Med.,  May  7,  1904. 
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mount  in  balsam.  Of  the  many  stains  for  flagella  that  have  been  advised,  this 
seems  to  yield  the  best  results. 

Duckwall’s  Flagella  Stain:1  Using  gentle  heat  dissolve  2 gm.  of  tannin  in  15  c.c. 
of  water;  add  (1)  5 c.c.  of  an  aqueous  solution  of  ferrous  sulphate  saturated  in  the 
cold,  (2)  1 c.c.  of  a saturated  alcoholic  solution  of  basic  fuchsin;  and  0.5  c.c.  to  1 c.c. 
of  a one  per  cent,  aqueous  solution  of  sodium  hydroxid;  filter  through  two  papers. 
The  spreads  are  prepared  by  mixing  a drop  of  water  of  condensation  from  a twenty- 
four  hour  old  agar  culture  with  a drop  of  sterile  water  on  a perfectly  clean  cover- 
glass,  which  is  then  tilted  from  side  to  side,  to  distribute  the  bacteria;  dry  under 
a bell-jar.  Flood  the  dried  film  with  the  above  solution  and  heat  over  flame  until 
vapor  arises,  continuing  to  heat  for  one  or  two  minutes.  Add  a few  drops  of  ninety- 
five  per  cent,  alcohol,  rock  the  cover,  and  rapidly  flush  with  water.  After  washing, 
drain  the  cover,  touching  its  edge  to  bibulous  paper,  and  apply  stain  consisting  of 
fuchsin  1 gm.,  absolute  alcohol  13  c.c.,  five  per  cent,  aqueous  solution  of  carbolic 
acid  100  c.c.;  heat  gently  for  one  or  two  minutes  and  almost  boil  for  thirty  seconds; 
add  a few  drops  of  ninety-five  per  cent,  alcohol,  wash  with  water,  and  dry  under  a 
bell-jar.  Both  mordant  and  stain  give  better  results  when  not  over  twenty-four 
hours  old. 

Buerger2  recommends  the  following  method  for  staining  capsules : Sputum,  pus, 
or  other  albuminous  fluid  containing  the  organism  is  spread  on  a perfectly  clean 
cover-glass;  as  soon  as  the  edges  begin  to  dry,  the  film  is  covered  by  Zenker’s  solu- 
tion (p.  1040),  omitting  the  acetic  acid.  Warm  over  the  flame  about  three  seconds, 
rapidly  wash  in  water  followed  by  alcohol,  tincture  of  iodin,  and  finally  thoroughly 
wash  with  alcohol  and  dry  in  the  air.  It  is  then  stained  in  a mixture  consisting  of 
anilin  oil  10  c.c.,  water  100  c.c.,  thoroughly  mixed  and  filtered,  and  5 c.c.  of  a 
saturated  alcoholic  solution  of  gentian-violet.  The  stain  should  act  for  from  two 
to  five  seconds,  after  which  time  it  is  washed  off  with  a two  per  cent,  aqueous  solu- 
tion of  salt,  in  which  it  is  mounted,  and  ringed  with  vaselin.  The  success  of  the 
stain  demands  the  presence  of  a proteid,  usually  supplied  by  exudates,  but  when 
stains  are  to  be  made  from  cultures  it  must  be  artificially  added.  A drop  of  blood- 
serum  diluted  with  an  equal  quantity  of  salt  solution,  or  ascitic  or  pleural  fluid,  is 
placed  on  a cover;  the  bacteria  to  be  stained  are  mixed  with  this  diluted  serum  and 
spread  evenly  over  the  surface;  from  this  point  the  technic  is  the  same  as  that  given 
for  sputum  and  pus. 

Hiss3  recommends  staining  in  a concentrated  solution  of  gentian-violet  heated 
until  steam  arises;  wash  in  twenty  per  cent,  aqueous  solution  of  copper  sulphate; 
blot  on  filter,  dry  and  mount  in  balsam. 

Microscopic  Examination  of  Stained  and  Unstained  Mounts. — In  tissues  stained 
by  any  of  the  methods  given,  the  location,  under  a low  power — £-inch  objective — 
of  bacteria  can  often  be  inferred  by  agminated  areas  of  the  dye  known  to  stain  such 
organisms.  Having  located  such  an  area,  a higher  power  may  be  used.  Always 
begin  the  examination  with  a low  power. 

(For  description  of  microscope  and  method  of  using  same,  see  pp.  1052  to  1054.) 

Gas  formation  may  be  investigated  in  connection  with  a study  of  yeasts.  Thus, 
if  a saccharometer  charged  with  a sterile  culture  fluid  containing  glucose  be  inocu- 
lated with  the  Saccharomyces  cerevisiae,  gas  collects  in  the  measuring-tube,  showing 
its  production  by  the  growth  of  the  yeast.  In  addition  to  the  evolved  gas,  it  can 
be  shown  that  the  fluid  contains  other  substances;  simultaneously  with  the  gas 
production  alcohol  is  elaborated.  The  equation  is  written  as  follows: 

Glucose  (C6H12Ob)  = Alcohol  (2C2H90)  + Carbon  Dioxid  (2CO,). 

The  study  of  gas  formation  is  conducted  for  other  organisms  after  the  same 
method  as  described  for  the  yeasts;  while  saccharine  fluids  are  mostly  used  for  this 
study,  other  media  have  also  been  found  available. 

Gelatin  or  agar  shake  cultures  are  sometimes  used  to  detect  gas  formation.  Either 
medium  is  liquefied,  cooled  to  below  50°  C.,  and  inoculated  while  liquid;  it  is  then 
thoroughly  agitated  and  allowed  to  solidify.  The  growth  of  organisms  producing 
gas  will  be  evident  by  the  appearance  of  small  bubbles  throughout  the  medium. 
The  test  is,  at  times,  facilitated  by  using  a medium  containing  glucose,  in  which  case 
the  reaction  may  be  identical  with  that  previously  described;  in  many  cases  it  is, 
however,  a much  more  complex  problem.  . 

Anaerobic  Cultures.  Novy's  Apparatus  (Fig.  56°)  • Petri  plates,  Esmarch 
plates,  or  culture  tubes  are  placed  inside;  the  dome,  B,  is  put  in  position  and  secured 

1 New  York  Med.  Jour.,  June  24,  1905,  p.  1253- 

2 Medical  News,  December  10,  1904. 

3 Jour,  of  Experimental  Medicine,  vol.  vi,  p.  335- 
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by  the  vise-like  clamps,  D,  D\  the  glass  stopper  is  turned  as  shown  in  the  cut.  The 
tubulature  not  having  the  L-shaped  extension  downward  is  connected  with  the 
hydrogen  generator,  and  a constant  stream  of  gas  is  carried  through  the  apparatus 
for  some  hours.  As  soon  as  the  air  is  displaced,  the  stopper,  C,  is  rotated  one- 
fourth  of  a turn,  thus  closing  the  connection  between  the  tubulatures  on  the  side 
of  the  neck  and  the  inside  of  the  apparatus.  If  carbon  dioxid  is  used  instead  of 
hydrogen,  it  is  admitted  through  the  tubulature  that  communicates  with  the  inside 
through  the  L-shaped  piece.  The  author  has  fancied  that  the  exclusion  of  air, 
when  using  hydrogen,  was  facilitated  by  attaching  to  the  L-shaped  piece  a soft- 
rubber  tube  extending  to  the  bottom  of  the  apparatus;  as  air  is  much  heavier  than 
hydrogen,  this  device  causes  the  gas  admitted  through  the  opposite  tubulature  to 
displace  the  air  more  rapidly.  The  method  devised  by  Sternberg  is  explained  in 


c 


Fig.  560. — Now's  Apparatus  for  Anaerobic  Cul- 
tivation of  Plates  and  Test-tubes. 

The  apparatus  consists  of  the  following  parts:  A,  the 
base,  a solid  glass  cylinder  having  a capacity  of  about 
one  liter  and  ground  at  its  upper  edge  with  a flange 
to  make  an  air-tight  joint  with  B,  the  dome,  the  two 
being  clamped  together  by  the  vise-like  clamps,  D, 
D,  the  joint  being  more  perfectly  assured  by  rubber 
bands.  The  top  of  the  dome,  B,  arches  into  a neck 
like  that  of  a bottle,  and  is  closed  by  C,  which  is  an 
ordinary  ground-glass  stopper  ground  into  the  mouth 
of  the  neck,  to  the  dome  B . Through  the  side  of  the 
glass  stopper,  C , are  two  openings,  so  arranged  that 
when  C is  turned  as  shown  in  the  cut  the  openings 
permit  gas  to  pass  into  the  interior  of  the  apparatus 
through  either  of  the  tubulatures  shown  at  the  side 
of  the  neck.  On  the  inside  of  the  stopper  an  L- 
shaped  tube  is  fused,  so  that  any  gas  carried  into  the 
apparatus  through  that  tubulature  passes  below  the 
level  of  the  opposite  tubulature. 


Fig.  561. — Sternberg’s  Anaerobic 
Culture  Tube. 

The  tube  is  an  ordinary  culture  tube  of  rather 
large  size.  The  culture  medium,  e,  is  in-  I 
oculated,  the  cotton  plug,  d,  while  at  the 
top  of  the  tube,  is  cut  even  with  the  glass 
and  held  in  the  flame  until  thoroughly 
browned,  fully  to  sterilize  it,  and  is  then 
pushed  down  into  the  tube  with  a sterile 
glass  rod.  A cork,  c,  with  two  perfora-  I 
tions,  through  which  pass  the  L-shaped 
tubes,  a,  is  fitted  to  the  mouth  of  the  test-  I 
tube  and  sealed  with  wax  at  b.  Hydrogen 
gas  is  now  passed  through  the  apparatus 
for  an  hour  or  so,  depending  upon  the  size 
of  the  tube,  until  all  the  air  is  displaced ; 
the  entrance  and  exit  tubes  are  then  sealed 
at  a'  a'  by  fusing  the  glass.  The  ad- 
vantage of  this  simple  method  is  that 
any  tube  can  be  used  with  any  of  the 
common  media  in  use  in  the  laboratory. 


the  legend  beneath  figure  561.  A more  recent  appliance  for  excluding  the  air  with- 
out the  use  of  hydrogen  or  carbon  dioxid  is  that  devised  by  Wright.  Its  form  and 
method  of  application  are  indicated  in  figure  562.  Hamilton  cultivates  anaerobes 
in  glucose-peptone-bouillon  upon  the  surface  of  which  he  maintains  a layer  of  olive 
oil  1.5  cm.  deep;  inoculations  and  removals  are  made  with  a sterile  pipet  thrust 
through  the  oil.  The  advantages  of  this  method  are  its  simplicity  and  the  fact  that 
prepared  sterile  media,  always  ready  for  anaerobic  inoculation,  can  constantly  be 
kept  on  hand.1 

Hanging-drop  Cultures  for  the  Demonstration  of  Motility. — If  a drop  of  liquid 
culture  be  placed  on  a slide  and  covered  in  the  usual  manner,  examination  with  a 
mgh  power  will  usually  demonstrate  the  motility  of  an  organism.  This  crude 
method  is  not  accurate,  as  heat  currents  always  occur  in  fluids  under  a cover-glass, 
and  may  mislead  the  observer.  For  demonstrating  motility  the  drop-culture 

1 For  full  review  of  newer  anaerobic  methods  see  Stuler,  Centralbl.  f.  Bakt.,  Oct.  17,  1904,  p.  298-  also 

Jour.  Applied  Microscopy,  March,  April,  and  May,  1902. 
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slide  is  used.  This  consists  of  a thick  slide  of  the  same  dimensions  as  the  ordinary 
microscope  slide,  with  a concavity  ground  in  its  center.  A clean  cover-glass^  is 
grasped  in  the  forceps  and  is  passed-  through  the  gas-flame  to  sterilize  it. 
concave  slide  is  prepared  in  the  same  way,  allowed  to  cool, 
and  around  the  concavity  is  painted  a thin  line  of  any 
nonvolatile  oil — ordinary  sperm  oil,  vaselin,  or,  when  the 
slide  is  to  be  incubated,  paraffin  or  oleum  theobroma 
liquefied  by  gentle  heat.  A droplet  of  the  culture  in 
bouillon  or  Dunham’s  solution  is  placed  in  the  center  of 
the  cover-glass,  which  is  then  inverted  over  the  hollow 
slide,  care  being  taken  that  the  droplet  is  very  small — 
not  larger  than  a small  pinhead,  so  that  it  will  not  sway 
from  side  to  side — and  that  it  does  not  come  in  contact 
with  the  slide  at  any  point.  With  the  stage  of  the  micro- 
scope perfectly  horizontal,  the  droplet  is  carefully  focused. 

The  moving  bacteria  can  be  easily  seen,  provided  the 
illumination  is  satisfactory,  the  iris  diaphragm  should  be 
closed  to  admit  but  little  light,  otherwise  the  field  will  be 
so  flooded  with  light  that  the  small,  colorless  bodies — the 
bacteria — may  escape  detection.  It  is  often  advisable  to 
center  the  drop  with  a low  power — say,  a £-inch  or  f-inch 
objective — before  attempting  to  focus  with  a high  power. 

If  the  organism  is  growing  on  a solid  medium,  a small 
part  of  the  culture  is  mixed  with  the  bouillon  or  Dunham’s 
solution  on  a sterile  cover,  and  the  hanging  drop  prepared 
from  the  mixture. 

The  “hanging-drop  culture” — as  such  the  foregoing  is 
known — may  be  incubated  and  kept  under  observation 
for  a long  time  if  care  is  used  to  avoid  infection  during  its 
preparation  and  to  exclude  bacteria  by  a perfect  oil  seal. 

By  incubating  hanging  drops,  bacteria  can  be  seen  divid- 
ing, yeasts  watched  while  forming  and  throwing  off  buds, 
and  other  observations  made.  (See  Widal’s  test,  p.  1082.) 

Another  method  for  studying  motility  and  division  of 
bacteria  is  by  means  of  the  hanging  block.  This  is  pre- 
pared by  cutting  out  a colony  of  bacteria  from  an  agar 
plate  and  pressing  the  surface  bearing  the  colony  upon  a 
cover-glass  which  is  then  inverted  in  the  concavity  of  the 
drop-culture  slide  the  same  as  in  the  hanging-drop  method. 

During  the  growth  of  many  bacteria,  bodies  are  elabor- 
ated that  change  the  reaction  of  the  culture  medium.  This 
test  is  applied  by  adding  an  indicator  to  the  fluid  or  other 
medium,  and  observing  whether  the  color  of  the  indicator 
changes.  The  two  indicators  most  commonly  used  are 
litmus  and  phenolphthalein ; the  former  is  kept  in  stock  as 
a tincture,  and  the  latter  as  a 0.1  per  cent,  solution  of  the 
salt  in  fifty  per  cent,  alcohol.  To  apply  the  test,  a num- 
ber of  tubes  of  culture  media — milk,  bouillon,  or,  what  is 
best  of  all,  Dunham’s  solution — are  prepared;  although 
much  less  suitable,  solid  culture  media,  such  as  gelatin, 
agar,  or  potato,  may  be  used.  In  bulk,  some  of  the  me- 
dium— sufficient  to  fill  several  test-tubes  of  the  size  in- 
tended for  use — has  added  to  it  enough  of  the  indicator 
to  show,  faintly  but  clearly,  the  reaction;  one  part  of  the 
medium  should  be  but  faintly  acid,  very  dilute  acetic  acid 
being  used  to  acidify;  another  portion  should  be  rendered 
faintly  alkaline  by  the  use  of  one  per  cent,  caustic  potash, 
while  a third  is  neutral.  With  great  care  sterile  media 
may  be  sensitized  without  subsequent  sterilization;  as  a 
rule,  however,  after  sensitizing  it  is  necessary  to  resterilize. 

The  same  quantity  should  be  in  each  tube.  A number  of 
tubes  belonging  to  each  series  are  inoculated  with  the  germ 

in  question,  and  several  are  left  as  test  or  control  reserves.  In  the  course  of  a few 
days,  often  in  less  than  twenty-four  hours,  it  will  be  observed  that  the  reaction  of 
the  two  series  is  changing.  If  the  germ  produces  an  alkaline  reaction,  the  neutral 
series  evinces  the  change  first,  followed  by  the  acid  series  becoming  less  markedly 

68 


Fig.  562. — Wright’s  Method 
for  Anaerobic  Cultiva- 
tion in  Liquid  Media, 
a.  Spindle-shaped  glass  tube,  at 
the  lower  end  of  which  is  at- 
tached a short  piece  of  rub- 
ber tubing  (lower  b)  . c.  Rub- 
ber tubing  connecting  upper 
end  of  a with  lower  end  of  d. 
d.  Glass  tube  stoppered  with 
cotton  at  upper  B,  and  con- 
tinued upward  by  the  rubber 
tube  e.  For  use,  the  appa- 
ratus is  prepared  as  shown  on 
the  left,  sterilized  by  steam, 
and  may  be  kept  in  stock. 
Before  inoculation  the  me- 
dium in  the  tube  is  boiled 
to  drive  off  absorbed  gas, 
cooled,  and  inoculated.  Suc- 
tion is  applied  to  the  rubber 
tube  e,  drawing  the  con- 
tained fluid  upward  to  point 
indicated  in  drawing  on  the 
right;  the  tube  is  then  thrust 
downward,  kinking  the  rub- 
ber tube  c,  and  in  a similar 
manner  closing  the  rubber 
tube  at  the  lower  end  of  a. 
It  is  claimed  that  this  appa- 
ratus affords  a ready  method 
of  securing,  at  the  same  time, 
both  aerobic  and  anaerobic 
cultures  in  the  one  tube. 
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acid  and,  in  some  instances,  eventually  manifesting  a clearly  defined  alkaline  re- 
action. The  alkaline  series  may  show  a slight  intensification  of  the  alkaline  reaction 
or  may  not  change  at  all.  If  the  organism  produces  an  acid,  the  reaction  just  given 
will  be  reversed.  In  either  case  the  control  tubes  remain  unchanged. 

Rosolic  acid  is  also  used  as  an  indicator;  the  stock  solution  is  prepared  by  adding 
0.5  gm.  of  the  acid  to  100  c.c.  of  eighty  per  cent,  alcohol.  Its  use  is  the  same  as 
the  foregoing;  it  pales  when  acid,  intensifies  its  rose-color  when  alkaline. 

Indol. — Among  the  chemic  tests  applied  for  the  identification  of  bacteria  is 
that  for  indol.  Several  tubes  are  charged  with  7 c.  c.  of  Dunham’s  solution, 
sterilized,  and  three  or  four  inoculated  with  the  germ  under  investigation,  and  twice 
the  number  reserved  for  controls.  After  twenty-four  hours  add  to  one  of  the  con- 
trols ten  drops  of  chemically  pure  sulphuric  acid,  and  to  another  1 c.  c.  of  a sodium 
nitrite  solution,  freshly  prepared  by  dissolving  1 gm.  of  chemically  pure  sodium 
nitrite  in  10,000  c.c.  of  ammonia-free  water.  To-  the  second  tube  also 
add  ten  drops  of  sulphuric  acid.  Both  tubes  should  be  watched  for  fif- 
teen or  twenty  minutes;  no  color  should  develop,  as  they  contained  no  indol. 


Fig.  563. — Drop-culture  Slide. 

(75  X 25  mm.,  of  polished  plate  glass,  with  a cavity  18  mm.  in  diameter.) 


To  one  of  the  inoculated  tubes  add  the  sulphuric  acid,  and  if  in  from  ten  to  twenty 
minutes  no  reaction  occurs,  add  the  sodium  nitrite  solution,  as  previously  directed, 
if  indol  be  present,  a distinct  rose-color  appears.  Occasionally  the  rose-color  may 
appear  without  the  addition  of  the  sodium  nitrite,  in  which  case  the  organism  has 
produced  not  only  indol,  but  also  a reducing  agent,  commonly  a salt  of  nitrous  acid. 

Thermic  Disinfection.— Each  organism  thrives  best  at  a certain  temperature, 
known  as  its  optimum  temperature . Variations  above  or  below  the  most  favorable 
degree  of  heat  influence  the  growth  of  the  germ  in  question.  The  lowest  tempeia- 
ture  at  which  growth  takes  place  is  called  the  minimum  temperature;  the  highest,  the 
maximum  temperature . The  three  thermal  points  are  rarely  the  same  for  any  two 
organisms,  and  hence  constitute  important  tests  in  the  identification  of  a germ  under 
investigation.  The  thermal  death-point  is  that  degree  of  heat  destroying  the  life  of  a 
germ;  a knowledge  of  the  point  at  which  the  organism  is  destroyed  also  aids  in  the 
differentiation  of  bacteria.  The  thermal  death-point  is  not  constant  for  the  same 
microbe  under  all  conditions,  varying,  in  some  cases,  with  the  age  of  the  organism, 
the  presence  or  absence  of  moisture,  etc.  Again,  moist  heat  is  usually  destructive  to 
bacteria  at  a lower  temperature  than  dry  heat;  and  moist  heat  under  pressure 
(superheated  steam)  more  penetrating  and  more  rapidly  fatal  than  dry  heat  at  the 


same  temperature. 

In  order  to  determine  the  thermal  death-point  of  a given  organism  all  the 
foregoing  factors  must  be  borne  in  mind,  as  well  as  the  length  of  time  of  exposure. 
The  latter  also  varies  with  the  conditions  under  which  the  test  is  made.  A tem- 
perature of  70°  C.,  moist  or  dry,  and  continued  for  one  or  two  hours,  may  be,  to  a 
given  organism,  as  certainly  fatal  as  ioo°  C.  with  an  exposure  of  ten  minutes. 
The  thermal  death-point  in  the  presence  of  moist  heat  is  commonly  determined  by 
exposure  of  bouillon  cultures,  infected  material,  or  dried  threads — prepared  as 
described  under  Chemic  Disinfection  (see  below) — to  different  temperatures  and 
for  different  lengths  of  time  in  the  steam  sterilizer  (Fig.  549,  p.  1063)  or  in  the  auto- 
clave (Fig.  550,  p.  1063).  In  making  the  test  with  dry  heat  the  hot-air  sterilizer 
(Fig.  546,  p.  1061)  is  used,  and  previously  dried  infected  materials,  especially  dried 
threads,  make  the  best  test-objects.  After  exposing  the  infected  material  to  heat, 
inoculations  are  made  upon  suitable  culture  media;  the  tubes  are  incubated  and 
kept  under  observation  a sufficient  time  for  the  development  of  any  undestroyed 
germs.  The  thermal  death-point  of  an  organism  may  be  determined  even  before 
its  successful  cultivation.  Such  an  experiment  is  permissible  only  when  we  can- 
not successfully  cultivate  the  germ.  In  order  to  make  the  test  we  must  be  able 
to  infect  an  animal.  Material  that  is  known  to  contain  the  organism  in  question 
is  subjected  to  heat  and,  after  definite  exposures,  is  inoculated  into  susceptible 
animals.  If  disinfection  has  been  complete,  the  inoculated  animals  escape.  _ AS 
source  of  error  lies  in  the  well-known  fact  that  the  pathogenicity  of  an  organism 
may  be  lowered  without  of  necessity  destroying  its  viability;  if,  however,  the  experi- 
ment has  rendered  the  germ  no  longer  capable  of  inducing  disease,  its  infectivity  is 
removed,  and  therefore  disinfection,  in  the  theoretic  sense,  has  been  secured.  j 

For  determining  the  thermal  death-point  a number  of  factors  must  be  considered, 
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otherwise  results  cannot  be  uniform.  The  following  general  plan  is  recommended 
by  Dalton  and  Eyre:1  Length  of  exposure,  ten  minutes;  the  emulsion  used  for 
the  test  to  consist  of  3 c.c.  of  sterilized  normal  salt  solution  or  water  to  which  has 
been  added  3 mgm.  of  the  culture  from  an  optimum  cultivation,  the  mixture 
exposed  in  a test-tube  1.5  cm.  in  diameter  with  wall  1 mm.  thick.  The  exposure 
should  be  made  in  a thermoregulated  water-bath.  The  thermal  death-point  to  be 
the  lowest  temperature  that  will  kill  all  the  organisms  exposed  to  it  in  the  time 
limit  of  ten  minutes. 

Theoretically,  there  should  be  two  death-points — a maximum  and  a minimum; 
but  experience  has  satisfactorily  proved  that  there  is  at  present  available  no  tem- 
perature sufficiently  low  to  act  as  a disinfectant  upon  which  it  is  possible  to  rely. 
Reduction  below  zero  commonly  determines  only  a stage  of  inactivity  that  ends 
with  return  of  the  organism  to  conditions  again  compatible  with  growth. 

Chemic  Disinfection.  In  addition  to  the  influence  of  thermic  changes  on 
bacteria,  it  is  necessary  to  study  the  effect  of  disinfectants  belonging  to  the  chemic 
group.  The  relation  of  other  physical  agents  than  heat  may  also  be  studied: 
e-  g < drying,  light,  and  electricity.  In  studying  disinfectants,  solutions  are  to  be 
used,  almost  exclusively;  insoluble  disinfectants  are  of  more  than  doubtful  value. 
Again,  a culture  medium  must  be  used  that  does  not  alter  the  chemical  in  question. 

1 hus,  if,  in  the  study  of  corrosive  sublimate,  a culture  medium  rich  in  albumin 

or  strongly  alkaline  be  used,  the  mercurial  is  instantly  decomposed  when  it  comes 
in  contact  with  the  culture  medium,  and,  it  may  be,  before  it  has  had  time  to  act 
upon  the  bacteria.  Having  found  the  desired  culture  medium,  the  next  point  to 
determine  is  the  exact  point  at  which  the  body  under  investigation  ceases  to  be 
antiseptic:  that  is,  inhibits  the  growth  without  of  necessity  destroying  the  life  of 
the  bacteria.  For  this  purpose  a series  of  tubes  of  culture  media  are  prepared 
containing  the  antiseptic  in  varying  quantities.  These  are  best  prepared,  if  pos- 
sible, by  taking  50  to  100  tubes  of  the  medium  it  is  desired  to  use,  sterilized  in  the 
usual  way:  To  ten  of  these  enough  of  the  agent  is  added  to  make  the  strength 

ten  per  cent.;  to  another  ten,  enough  to  make  the  strength  five  per  cent.;  to  another 
ten,  four  per  cent.;  and  so  on,  covering  various  percentages. 

All  these  tubes  are  inoculated  with  the  germ  that  it  is  proposed  to  use  for  the 
test.  A series  will  be  found  in  which  dilution  is  so  great  that  the  agent  no  longer 
perceptibly  influences  growth  of  the  germ;  another  series  contains  a sufficient 
amount  of  the  germicide  to  inhibit  reproduction  but  not  destroy  vitality;  in  the 
third  group  of  tubes  the  microbe  is  killed.  The  strength  at  which  disinfection 
that  is,  destruction  of  reproductive  power — occurs  may  be  approximately  inferred 
by  diluting  with  the  same  sterile  culture  medium  the  tubes  in  which  no  growth  has 
evinced  itself,  so  that  the  proportion  of  the  disinfectant  in  the  dilution  shall  be  less 
than  that  already  found  not  to  inhibit  growth.  After  this  dilution  the  bacteria 
that  have  not  been  destroyed  develop,  showing  in  what  strength  disinfection  has 
been  complete.  This  has,  however,  taken  so  much  time — probably  days — that 
doubt  may  still  exist  as  to  the  rapidity  with  which  the  agent  in  question  acts;  and 
as  the  time  required  by  a given  solution  to  destroy  viability  is  important,  the  ra- 
pidity of  action  and  the  necessary  strength  for  practical  disinfection  must  be  deter- 
mined. For  this  purpose  a number  of  methods  have  been  suggested,  all  of  which 
are  open  to  certain  sources  of  error. 

To  a number  of  cultures  in  a liquid  medium  the  agent  in  question  is  added,  so  as 
to  make  the  percentage  such  as  has  been  found  in  the  previous  test  to  be  destructive; 
the  added  solution  is  thoroughly  mixed  with  the  culture,  from  which  inoculations 
are  made  at  intervals  of  minutes  for  as  long  as  an  hour.  The  removal  must  be 
made  into  tubes  containing  sufficient  of  the  medium  to  dilute  the  material  carried 
over  beyond  the  strength  already  shown  to  have  an  inhibitory  action,  so  that  any 
undestroyed  bacteria  may  be  free  to  develop. 

The  source  of  error  by  this  method  lies  in  the  clumping  of  the  germs  in  the 
original  tube;  if  grouped  in  clumps,  the  agent  may  not  have  penetrated  the  clumps. 
Penetration  is  a most  important  point,  for  without  this  power  a disinfectant  is  of 
little  practical  value;  as,  in  all  purposes  for  which  germicides  are  used,  a certain 
degree  of  penetration  is  necessary,  this  apparent  objection  is  not  without  its  good 
side.  To  get  rid  of  the  clumps,  cultures  are  made  in  a medium  containing  fine 
quartz  sand;  this  is  shaken  up  in  the  culture  and  the  culture  filtered  through  glass 
wool  and  the  filtrate  used  for  the  test.  Tubes  containing  the  sand  may  have  mixed 
with  them  growing  cultures  containing  no  sand.  Again,  threads  "of  silk  from 

2 cm.  to  6 cm.  in  length  may  be  placed  in  tubes  of  liquid  culture  media, 
the  tubes  sterilized  as  usual,  and,  when  sterile,  infected  with  the  germ  that 

1 Jour,  of  Hygiene,  April,  1904,  p.  158. 
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it  is  intended  to  use  for  the  test.  When  the  culture  is  well  grown,  it  is  shaken,  the 
threads  are  withdrawn,  and  may  be  used  as  test  bodies  to  disinfect;  they  may  be 
first  dried  in  sterile  dishes  or  they  may  be  used  moist.  A source  of  error  lies  in  the 
quantity  of  the  disinfectant  that  the  thread  may  convey  into  the  tube  into  which  it 
is  transplanted  after  treatment  with  the  disinfectant.  In  some  cases  this  may  be 
partly  avoided  by  washing  the  thread  in  sterile  water  or  in  some  solution,  or  by  ex- 
posing it  to  a vapor,  which,  by  chemic  action,  converts  the  disinfectant  into  an 
insoluble  or  inactive  compound.  Thus,  threads  which  have  been  in  corrosive  sub- 
limate solutions  may  be  exposed  to  ammonium  sulphid  vapor,  the  solution  converting 
the  mercurial  into  an  insoluble  and  inactive  sulphid. 

It  will  be  noted  that  one  of  the  essential  elements  is  to  make  the  transplantation, 
after  treating  the  thread  or  culture  with  the  disinfectant,  into  such  a quantity  of 
new  noninfected  medium  as  to  insure  a dilution  beyond  the  inhibiting  point,  which 
may  be  due  to  any  of  the  antiseptic  carried  over  on  the  thread  or  on  the  platinum 
loop.  Thus,  if  a thread  has  been  exposed  to  a solution  of  an  agent — say,  in  the 


strength  of  1 : 100 — and  the  inhibiting  action  is  present  in  a solution  having  a 
strength  of  1 : 1000,  it  will  be  necessary  to  carry  the  thread  into  a medium  having 
a minimum  bulk,  in  order  to  be  safe,  of  at  least  100  times  the  quantity  carried 
over  on  the  thread,  thereby  assuring  such  dilution  as  not  to  preclude  the  disinfect- 
ant preventing  growth  of  any  undestroyed  organism. 

In  testing  gases,  threads,  cultures,  and  other  infected  materials  are  exposed  to 
the  gas — either  pure  or  with  a known  dilution  of  air — in  a closed  chamber,  such  as 
a bell-jar. 

In  addition  to  the  foregoing  system  of  tests,  so-called  practical  tests  are  made. 
A known  quantity  of  pus,  blood,  sputum,  or  feces  is  mixed  with  a known  quantity 
of  the  disinfectant,  and  inoculations  made  at  intervals  of  from  two  to  five  minutes. 
Varying  strengths  of  the  disinfectant  are  used  with  exposure  for  different  lengths 
of  time;  in  this  way  purely  laboratory  experiments  are  controlled  by  what  are  con- 
sidered practical  methods. 

Again,  animals  may  be  inoculated  with  cultures  or  threads  that  have  been  ex- 
posed to  disinfectants.  In  the  latter  case  it  is  to  be  remembered  that  in  rare 
instances  the  pathogenicity  may  be  reduced  without  the  germ  being  destroyed. 

To  study  the  pathogenesis  of  an  organism  inoculation  of  animals  is  necessary. 
The  animals  most  used  are  rabbits,  guinea-pigs,  rats,  and  mice.  The  absolute 
requisite  to  success  is  careful  asepsis  at  every  stage  of  the  process,  and  during  the 
postmortem  if  the  animal  dies.  If  the  disease  or  a disease  is  produced,  and  it  is 
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desired  to  obtain  cultures,  they  must  be  secured  with  the  same  strict  attention  to 
detail. 

All  instruments  used  in  the  various  stages  of  inoculation,  examination  during 
life,  or  postmortem,  should  be  sterilized  by  heat:  preferably  dry,  although  moist 
heat  may  be  used.  Chemic  disinfection  must  be  regarded  with  suspicion,  although 
syringes  may  be  sterilized  in  a five  per  cent,  solution  of  carbolic  acid  allowed  to  act 
for  one  or,  better,  two  hours,  during  which  time  the  solution  should  be  kept  warm. 
Pure  formalin  may  be  used  on  instruments.  No  matter  what  chemic  body  is  used, 
it  must  be  thoroughly  removed  by  washing  in  sterile  water  before  proceeding  with 
the  operation.  The  hands  of  the  operator  and  of  the  assistants,  and  the  table  upon 
which  the  operation  is  to  be  conducted,  should  be  washed  with  soap  and  water  as 
hot  as  can  be  tolerated,  followed  by  alcohol,  ether,  and  finally  corrosive  sublimate 


Fig.  565. — Apparatus  for  Holding  a Mouse  or  Rat  for  Inoculation  . ( Devised  by  Dr.  Lydia  Rabino- 

witsch  and  Dr.  Voges.) 

The  inoculation  is  usually  made  just  over  the  root  of  the  tail. 

solution  (1  part  of  the  salt  dissolved  in  1000  parts  of  normal  salt  solution),  which 
should  be  allowed  to  act  several  minutes,  followed  by  thorough  washing  in  sterile 
water. 

Of  the  many  methods  for  inoculating  an  animal,  the  following  will  be  found 
useful: 

1.  Subcutaneous  inoculation  is  the  one  most  frequently  used.  The  site  of  the 
contemplated  operation  is  shaved,  washed  with  soap  and  water,  water,  alcohol, 
ether,  alcohol,  and  corrosive  sublimate  solution  (1  : 1000),  and  the  last  removed 
by  thorough  washing  with  sterile  water.  Between  the  scapulae  and  near  the  tail 
are  the  most  convenient  sites  for  inoculation,  but  any  point  where  the  tissues  are 
lax  will  answer  the  purpose. 

The  skin  is  stretched  and  made  tense,  an  incision  or  pocket  is  made  in  the 
tissues  about  5 mm.  to  10  mm.  in  length  and  correspondingly  deep  under 


Fig.  566. — Koch’s  Syringe  for  Hypodermic,  Intraperitoneal,  and  other  Injection  Methods  for 
Inoculating  Animals;  the  Capacity  Should  Be  About  2 c.c. 

the  skin;  into  the  pocket  so  made  a loop  of  the  growing  organism  or  suspected 
material  is  introduced,  after  which  a layer  of  sterile  cotton  is  laid  over  the  wound 
and  a thick  coating  of  collodion  applied;  in  a few  minutes  this  will  dry;  the  animal 
is  then  liberated  and  kept  with  an  uninoculated  animal  known  as  the  control.  Sub- 
cutaneous injection  of  bacteria,  suspended  in  sterile  water  or  bouillon,  may  be  resorted 
to  as  directed  for  intraperitoneal  inoculation. 

2.  Intraperitoneal  injections  are  made  by  preparing  the  animal  as  before.  A syr- 
inge  graduated  in  cubic  centimeters  is  necessary  for  this  method.  The  skin  of  the 
abdominal  wall — the  site  of  the  operation — is  prepared  as  previously  directed, 
grasped  by  an  attendant,  and  raised  as  a fold,  into  which  the  needle  is  introduced 
and  forced  onward  into  the  peritoneum,  then  partly  withdrawn  to  make  sure  it  is 
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free  in  the  peritoneal  cavity.  The  syringe  is  now  attached,  a given  quantity  of 
bouillon  culture  is  introduced,  and  the  wound  is  sealed.  Rosenau1  has  greatly 
improved  the  Koch  syringe,  and  describes  a method  for  assuring  accurate  dosage. 

3.  Intravenous  inoculation  is  made  directly  into  a vein;  the  most  convenient  veins 
are  those  of  the  rabbit’s  ear.  The  overlying  skin  is  prepared  as  already  directed, 
and  an  incision  is  made  down  upon,  but  not  into,  the  vein;  when  the  vessel  is 
thoroughly  exposed,  the  needle  of  the  hypodermic  syringe  is  thrust  into  the  vein  in 
the  line  of  the  blood-current,  and  the  contents  of  the  syringe  slowly  injected.  Great 
care  must  be  used  to  see  that  no  air  enters  the  vein,  and  that  no  clumps  or  other 
solid  material  that  might  cause  embolism  are  thrown  into  the  blood. 

4.  Inoculation  into  the  Anterior  Chamber  of  the  Eye. — Anesthetize  the  cornea  by 

cocain,  wash  with  sterile  water,  perforate  the  cornea  at  the  scleral  margin  with 
a hypodermic  needle,  through  which  the  material  is  injected;  the  quantity  should  be 
very  small — scarcely  a half  drop;  otherwise  a disturbing  tension  is  created  that 
greatly  modifies  the  result  of  the  operation.  2 

5.  Tissue  Implantation. — Sometimes  (as  in  glanders  and  tuberculosis)  a small 
piece  of  the  suspected  tissue  is  used  for  inoculating.  The  implantation  may  be 
made  into  the  subcutaneous  tissues  or  serous  cavities.  In  the  first  instance  a pocket 
is  prepared  as  already  directed  for  subcutaneous  inoculation,  into  which  the  block 
of  tissue  (which  should  not  be  larger  than  from  2 to  5 mm.  cube — the  smaller  the 


Fig.  567. — Spatula  Used  for  Searing  the  Surfaces  of  Organs  Before  Making  Incisions  into 

Their  Interiors  for  Obtaining  Culture  Material. 

better)  is  implanted,  the  wound  sealed,  if  necessary,  sutured,  and  covered  as 
already  directed.  For  transplantation  into  a serous  cavity,  the  peritoneum  is  usually 
selected.  Under  the  strictest  asepsis  the  cavity  is  opened,  the  tissue  dropped  in, 
and  the  opening  closed.  In  some  instances,  in  order  to  assure  vascularization,  a 
tip  of  the  omentum  is  brought  out,  the  block  of  tissue  rolled  in  the  serous  mem- 
brane, and  the  roll  secured  by  a stitch.  The  foregoing  methods  demand  the  use 
of  a piece  of  tissue  of  macroscopic  proportions,  and  leave  a wound  through  which 
accidental  infection  may  occur.  In  many  instances  the  difficulties  just  indicated 
may  be  evaded  by  rubbing  up  the  material  in  a sterile  glass  mortar  with  a small 
quantity  of  sterilized  water.  Unless  there  is  an  unusual  amount  of  connective 
tissue,  the  maceration  may  be  sufficient  to  permit  of  injection  through  a medium- 
sized hypodermic  needle.  When  there  is  reason  to  believe  that  the  water  may  act 
deleteriously,  some  other  menstruum,  such  as  normal  salt  solution  or  blood-serum, 
may  be  used. 

6.  Inhalation. — By  means  of  an  atomizer  bacteria  suspended  in  water  or  other 
liquid  medium  are  sprayed  in  such  a manner  that  inhalation  seems  reasonably 
certain.  So  administered,  necessarily  many  enter  the  alimentary  canal  and  infec- 
tion by  that  pathway  may  occur.  For  large  animals  (dogs,  cattle,  and  horses)  it 
is  possible  to  introduce  a tube  past  the  epiglottis  and  in  that  way  infect  the  trachea; 
usually  tracheal  infection  is  best  accomplished  by  exposing  the  trachea  in  the 
neck  and  injecting  the  bacteria  directly  into  the  tube.  The  lung  may  be  infected 
through  the  chest  wall  by  hypodermic  injection. 

7.  Infection  by  the  reproductive  or  genito-urinary  system  is  rarely  practised. 

8.  Feeding  experiments  are  frequently  employed.  The  bacteria  from  cultures 
or  in  the  dried  form  are  distributed  on  food,  or  infected  tissues  may  be  fed.  When 
the  gastric  juice  would  probably  destroy  or  render  inert  the  particular  germ,  the 
stomach,  before  the  experiment,  may  be  washed  out,  or  the  gastric  acidity  neutral- 
ized by  weak  alkaline  solutions.  Less  commonly  the  action  of  the  stomach  is 
evaded  by  a laparotomy  and  direct  intestinal  deposit  of  infectious  material. 

9.  Infection  of  joint  cavities , bones,  muscles,  etc.,  may  be  attempted  in  ways 
similar  to  those  for  subcutaneous  and  intra-abdominal  inoculation. 

10.  Intracranial  inoculation  is  performed  in  the  following  manner:  Shave 

and  antisepticize  the  scalp  in  the  parietal  region;  with  sterile  hands  and  instru- 
ments raise  a V-shaped  flap  of  skin  twice  the  size  of  the  trephine  to  be  used;  with 
a trephine  0.5  cm.  in  diameter  remove  a button  of  bone,  exposing  the  dura;  if  a 
mass  of  tissue  is  to  be  inserted,  open  the  dura,  introduce  the  tissue,  and  close  the 
dura  with  a suture.  Fluid  or  finely  emulsified  tissue  may  be  injected  with  a syringe 
without  incising  the  membrane.  Suture  the  skin  and  seal  with  antiseptic  dressing. 

1 Hygienic  Laboratory  Bull.  No.  19,  1904. 
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After-treatment  of  the  Animal. — Medication  of  all  kinds  should  be  avoided; 
overcome  the  immediate  shock  by  the  gentlest  handling  of  the  animal,  abundance  of 
fresh  air,  and  warmth.  It  should  be  treated  exactly  as  a control  (an  uninoculated 
animal  of  the  same  species),  but,  as  a rule,  should  be  in  3.  cage  or  inclosure  by 
itself;  otherwise  the  control  may  injure  the  inoculated  animal. 

The  Postmortem. — If  the  animal  dies,  the  body  should  at  once  be  washed  with 
soap  and  water  and  with  water  and  alcohol,  and  immersed  in  1:1000  corrosive 


sublimate  solution,  followed  by  washi 
made  under  strict  asepsis.  (See  also  \ 
a spot  on  the  surface  of  the  right  auricle 
this  thoroughly  disinfects  the  surface 
the  auricle,  moving  it  through  the  blood 
along  the  side  of  the  needle,  when  it  is 
withdrawn  and  a tube  of  medium  inoc- 
ulated, which  may  be  at  once  poured 
into  a plate.  (See  Plate  Methods.) 
This  operation  is  repeated  for  each 
cavity  of  the  heart  and  for  all  important 
organs  of  the  body.  Pieces  of  tissue  are 
hardened,  either  in  absolute  alcohol  or 
corrosive  sublimate,  and  prepared  for 
sections  in  the  usual  manner.  (See 
Killing  and  Fixing  of  Tissues,  p,  1039; 
also  Staining  of  Bacteria,  p.  1067.) 


Fig.  568. — Sternberg’s  Flask,  Used  for  Col- 
lecting Fluids,  Water,  etc.,  and  for  Hold- 
ing Cultures  in  Liquid  Culture  Media. 

Before  using,  it  is  sterilized  in  the  hot-air  oven. 
To  fill,  the  point  is  broken  off  and  the  bulb 
is  heated,  thus  expelling  some  of  the  con- 
tained air;  the  point  is  then  thrust  into  the 
fluid,  and,  as  the  bulb  cools,  the  fluid  rises 
into  it;  when  the  desired  quantity  is  drawn 
into  the  bulb,  the  point  is  sealed  in  a gas- 
flame.  Certain  brands  of  antitoxin  are  now 
dispensed  in  bulbs  similar  to  the  one  here 
illustrated. 


ig  with  sterile  water.  A postmortem  is 
.1035.)  As  soon  as  the  heart  is  exposed, 
is  seared  by  laying  a heated  spatula  upon  it; 

Thrust  a sterile  inoculating  needle  into 
backward  and  forward  until  a drop  emerges 


Fig.  569. — Kitasato’s  Filter. 

The  material  to  be  filtered  is  placed  in  the  upper 
bulb,  which  is  connected  with  the  central  bougie 
of  unglazed  porcelain.  The  point  of  connection 
between  the  receiving  chamber  and  the  filter 
bougie  is  covered  by  a rubber  stopper,  which  fits 
very  tightly  into  the  neck  of  the  flask.  Through 
the  lateral  arm  of  the  flask,  extending  out  to  the 
right,  the  air  is  exhausted  from  the  interior.  In 
this  way  filtration,  ordinarily  slow,  may  be 
accelerated  by  air  pressure.  The  filter  is  mostly 
used  for  separating  germs  from  their  toxins. 


Preparation  of  Toxins  and  Antitoxins. — The  preparation  of  the  diphtheria  and 
tetanus  antitoxins  is  as  follows:  The  bacilli  are  grown  in  flasks  (iL.  to  2L.)  of 

bouillon,  which  in  the  case  of  tetanus  must  be  arranged  to  assure  anaerobiosis. 
For  the  satisfactory  production  of  diphtheria  toxin  the  bacilli  should  be  grown 
in  a thin  stratum  of  an  alkaline  glucose-free  bouillon;  the  maximum  strength  usually 
is  attained  during  the  second  week.  Filter  through  a Pasteur-Chamberland  filter, 
preserve  in  well-stoppered  bottles,  and  keep  in  a dark  place.  In  doses  of  0.01  c.c. 
this  filtrate  should  kill  a guinea-pig  weighing  500  grm.  in  from  forty-eight  to  sixty 
hours.  For  the  purpose  of  immunizing  animals,  this  fluid  is  in  many  cases  too 
strong  for  the  first  injections,  and  should  be  diluted  with  one-fourth  its  volume  of 

3 Gram’s  solution.  Roux  and  Vaillard  have  determined  that  the  toxin  is  much  less 
dangerous  when  combined  with  iodin.  For  experimental  studies  small  laboratory 
animals  (rabbits)  may  be  used,  but  for  the  production  of  antitoxin  on  a larger 
scale  animals  able  to’ supply  more  serum  are  necessary;  horses,  cows,  sheep,  and 
goats  are  commonly  selected.  The  weakened  or  modified  toxin  is  administered 
hypodermatically  at  first,  but  after  a relatively  high  degree  of  resistance  has  been 
attained  it  may  be  given  intravenously.  Toward  the  end  of  immunization 
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bacteria  themselves  may  be  injected.  The  injection  is  repeated  in  a few  days, 
and  thus  continued  for  several  weeks.  With  each  successive  injection  the  pro- 
portion of  Gram’s  solution  should  be  diminished,  and  the  dose  slightly  increased 
until  the  pure  toxin  is  reached.  After  injection  of  the  toxin  the  animal  not  infre- 
quently manifests  a slight  rise  in  temperature,  with  accelerated  pulse,  and  sometimes 
an  evident  malaise.  A second  injection  should  not  be  given  until  all  symptoms 
of  the  previous  injection  have  disappeared.  The  amount  of  toxin  is  gradually 
increased  until  the  animal  bears  without  inconvenience  a dose  equal  to  ioo  minimum 
fatal  doses.  If  during  this  time  a loss  in  body-weight  becomes  manifest,  the  in- 
jections should  be  discontinued;  otherwise  a fatal  cachexia  may  develop. 

The  horse  is  easily  immunized,  and  will  supply  large  quantities  of  the  antidiph- 
theric  serum.  Horses  bear  proportionately  large  doses  better  than  other  animals, 
and  but  a transient  fever  succeeds  a dose  of  from  2 to  5 c.c.  of  a strong  toxin. 

Antitoxin  is  obtained  from  the  animal  by  bleeding  under  the  strictest  conditions 
of  asepsis,  receiving  the  blood  through  a cannula  into  a sterile  jar,  flask,  or  other 
container,  as  already  directed  for  the  preparation  of  blood-serum  for  culture  pur- 
poses. .The  separated  serum  may  be  preserved  by  the  addition  of  tricresol,  thymol, 
carbolic  acid,  camphor,  etc.  It  should  be  sterile,  and  if  care  has  been  taken  to 
exclude  contamination  during  the  various  stages  in  its  preparation,  the  addition  of 
a preservative  is  unnecessary.  The  milk  of  immune  animals  may  offer  an  important 
source  of  the  antitoxin. 

In  order  to  estimate  the  strength  of  an  antitoxin,  the  minimum  fatal  dose  of  a 
toxin  must  first  be  known.  This  information  is  obtained  by  selecting  a number  of 
guinea-pigs,  each  of  which  weighs  250  gm.,  and  by  injecting  subcutaneously  different 
quantities  of  the  toxin  under  investigation.  The  minimum  fatal  dose  is  that  which 
kills  a guinea-pig  weighing  250  gm.  inside  of  four  days.  In  order  to  exclude  possible 
error,  arising  from  unusual  susceptibility  or  insusceptibility  of  the  animal,  a number 
of  injections  should  be  made  and  a fairly  uniform  result  finally  attained. 

The  strength  of  the  antitoxin  present  in  the  serum,  obtained  as  previously 
described,  is  expressed  in  immunity  units.  An  immunity  unit  is  the  quantity  of 
antitoxin  which,  when  mixed  with  the  toxin,  neutralizes  100  minimum  lethal 
doses  of  the  latter.  For  the  purpose  of  securing  a uniform  strength  the  U.  S. 
government  now  supplies  a standard  serum  used  by  manufacturers  for  standardiz- 
ing sera. 

A number  of  test  doses  of  the  toxin  are  prepared,  each  containing  a hundred 
times  the  minimum  fatal  dose.  To  each  test  dose  is  added  a measured  quantity  of 
the  serum  in  question.  To  one  dose  is  added  0.01  c.c.  of  the  serum;  to  another, 
0.05  c.c.  of  the  serum;  to  another,  0.1  c.c.  of  the  serum;  to  another,  0.5  c.c.;  and  to  still 
another,  1 c.c.,  and  so  on.  The  mixtures  are  now  injected  into  guinea-pigs  and 
the  results  observed.  Animals  not  dying  within  four  days  were  protected;  local 
infiltration,  wasting  or  death  after  the  fourth  day  does  not  enter  into  the  computa- 
tion. The  mixture  containing  the  smallest  amount  of  serum  and  yielding  this  re- 
sult contains  1 immunity  unit.  If  0.05  c.c.  of  a serum  neutralizes  one  hundred  times 
the  minimum  lethal  dose,  each  cubic  centimeter  contains  twenty  immunity  units. 
Antitoxin,  as  placed  upon  the  market,  is  labeled  as  containing  a certain  number  of 
immunity  units,  and  the  measured  quantity  of  serum  necessarily  varies,  as  the 
number  of  units  obtained  are  rarely  exactly  the  same  in  two  animals.  For  the  treat- 
ment of  disease  the  antitoxin  is  administered  subcutaneously. 

In  the  production  of  antitoxins  the  tissues  are  immunized  to  toxic  agents  pro- 
duced by  the  bacteria,  while  upon  the  germs  themselves  there  is  no  direct  action. 
If  bacteria  or  other  cells  are  injected  the  serum  of  the  animal  acquires  the  property 
of  attacking  the  bacteria  or  other  cells  not  only  in  the  tissues  but  in  vitro  as  well. 
The  protection  of  the  organism  against  the  foreign  substances  is  accomplished 
through  the  intervention  of  substances  called  bacteriolysins  or  cytolysins,  and  the 
process  is  called  bacteriolysis  in  one  case  and  cytolysis  in  the  other.  An  important 
clinical  application  of  this  fact  is  in  the  diagnosis  of  typhoid  fever.  Theoretic 
considerations  are  discussed  elsewhere  (see  discussion  on  immunity),  and  at  this 
point  the  technic  only  need  be  considered. 

Wassermann’s  Complement  Fixation  Test  or  Serum  Diagnosis  of  Syphilis.1'2 — 
The  basis  of  this  test  is  the  power  of  the  serum  of  a luetic  individual  to  unite  with, 
or  fix  or  bind,  complement  in  the  presence  of  an  antigen.  Binding  of  the  comple- 

1 The  literature  on  this  subject  is  enormous.  It  can  be  traced  from  these  references:  Wassermann, 

Neisser  u.  Bruck,  Deut.  Med.  Woch.,  xxxii,  1906,  745;  Wassermann,  Berl.  klin.  Woch.,  1907,  xliv, 

I599.  1634;  Wien.  klin.  Woch.,  1908,  xxi,  745;  Fox,  Med.  Record,  1909,  lxxv,  421;  Noguchi,  Serum 
Diagnosis  of  Syphilis,  1910.  Noguchi  describes  the  principles  and  technic  of  the  Wassermann  test,  and  of 
his  own  modification,  and  gives  extensive  bibliography. 

2 Compiled  by  Dr.  John  A.  Roddy. 
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ment  is  shown  by  the  failure  of  hemolysis  in  a hemolytic  system  requiring  comple- 
ment for  its  action.  In  making  this  test  five  substances  are  used,  namely,  the  pa- 
tient s serum  antigen,  complement,  amboceptor,  and  sheep’s  red  blood  corpuscles. 
1 he  sheep  cells  are  prepared  for  use  by  collecting  several  ounces  of  sheep  blood  in  a 
bottle  containing  one  per  cent,  sodium  citrate  in  normal  salt  solution  to  prevent 
clotting.  Immediately  after  collection  the  blood  is  centrifugalized  until  the  cells 
se^'e  ^ ^ie  bottom  of  the  tube,  the  clear  serum  drawn  off  and  discarded,  and  the 
tube  filled  with  normal  salt  solution  and  shaken  to  distribute  the  cells;  again  cen- 
trilugalize  and  remove  the  clear  supernatant  fluid.  This  washing  of  the  cells  with 
salt  solution  is  repeated  several  times.  Finally  the  cells  collected  in  the  centrifuge 
tube  are  measured  and  mixed  with  nineteen  volumes  of  normal  salt  solution  making 
a five  per  cent,  suspension,  the  dilution  in  which  they  are  always  used. 

• J^-^boceptor  the  serum  of  a rabbit  that  has  been  injected,  intraperitoneally, 
with  sheep  cells,  as  follows:  First,  injection  of  5 c.c.  of  a five  per  cent,  suspension 
m normal  salt  solution.  This  is  followed,  at  intervals  of  six  days,  by  three  or  four 
other  injections,  each  dose  being  double  the  preceding  one.  Ten  days  after  the 
last  injection  the  serum  of  the  rabbit  is  withdrawn.  It  is  highly  hemolytic  for  sheep 
cells,  usually  less  than  1/200  c.c.  sufficing  to  destroy  1 c.c.  of  a five  per  cent,  suspen- 
sion. The  clear  serum  is  heated  to  550  C.  for  one  hour  in  a water-bath  and  then 
placed  in  1 c.c.  ampoules  which  are  hermetically  sealed  and  kept  in  an  ice-box  until 
needed.  The  sera  of  different  rabbits  vary  in  hemolytic  power,  consequently  the 
amboceptor  has  to  be  standardized  before  use. 

Complement  is  a normal  constituent  of  blood-serum,  and  variation  in  the  amount 
present  in  the  sera  of  different  guinea-pigs  is  so  slight  that  for  the  purposes  of  this 
test  it  may  be  disregarded.  Fresh  guinea-pig  serum  is  diluted  with  normal  salt 
solution  until  x c.c.  of  the  mixture  contains  0.1  c.c.  of  serum,  the  standard  amount 
used  m Wassermann  tests.  Complement  is  a very  unstable  substance  and  often 
cannot  be  found  in  serum  forty-eight  hours  after  it  has  been  drawn  from  an  animal, 
even  though  it  has  been  kept  on  ice;  consequently,  it  is  always  desirable  to  use  for 
complement  only  serum  which  has  been  drawn  from  a guinea-pig  within  twenty-four 
hours. 

Antigen  is  the  extract  of  the  liver  or  other  organ  of  a syphilitic  fetus.  Extracts 
of  nonsyphilitic  organs — heart,  spleen,  land  liver — obtained  from  guinea-pigs  and 
rabbits  have  also  been  used.  There  are  different  ways  of  extracting  these  organs; 
some  using  salt  solution,  others  alcoho,  and  a few  an  ether-soluble  extract.  A 
common  and  efficient  method  of  preparing  antigen  is  to  cut  a liver  or  other  organ 
into  small  pieces,  grind  them  in  a mortar,  add  five  volumes  of  absolute  alcohol,  shake 
thoroughly  and  place  in  an  incubator  at  370  C.  for  several  days.  Each  day  the 
container  should  be  well  shaken.  The  alcoholic  extract  is  evaporated  until  it  reaches 
a pasty  consistency.  This  paste  is  mixed  with  normal  salt  solution  so  that  0.1 
c.c.  of  the  mixture  is  sufficient  for  each  test.  Antigens,  like  amboceptors,  vary, 
and  each  new  preparation  must  be  tested. 

The  blood  from  the  patient  is  withdrawn  from  one  of  the  superficfel  veins  (the 
median  basilic  is  usually  preferred)  with  a glass  syringe;  5 c.c.  is  the  amount  com- 
monly taken.  This  is  placed  in  a test-tube  and  kept  in  an  ice-box  until  the  serum 
separates  from  the  clot.  The  serum  is  collected  and  inactivated  by  heating  on  a 
water-bath  at  550  C.  for  thirty  minutes.  One-tenth  cubic  centimeter  is  the  amount 
of  patient’s  serum  used  in  each  test. 

Standardization  of  Amboceptor. — One  unit  of  amboceptor  is  the  smallest 
amount  which,  together  with  0.1  c.c.  of  complement,  will  cause  complete  hemolysis 
of  1 c.c.  of  a five  per  cent,  suspension  of  sheep  cells  in  one  hour  at  37.50  C.  To 
determine  this  amount,  place  twelve  tubes  in  a rack;  place  1 c.c.  of  a five  per  cent, 
suspension  of  sheep  cells  and  1 c.c.  of  a 1 : 10  dilution  of  guinea-pig  serum  in  each 
tube,  and  add  increasing  amounts  of  inactivated  rabbit  serum  to  these  tubes,  begin- 
ning with  0.001  c.c.  in  the  first  and  ending  with  0.01  c.c.  in  the  last.  Shake  these 
tubes  to  mix  their  contents  and  incubate  for  one  hour.  The  smallest  amount  of 
rabbit  serum  causing  complete  hemolysis  represents  one  unit.  Two  units  is  the 
standard  amount  used  in  each  test.  Just  previous  to  making  a test  the  rabbit  serum 
should  be  added  to  normal  salt  solution  so  that  0.5  c.c.  of  the  mixture  contains  two 
units  of  amboceptor. 

For  standardization  of  antigen  one  must  have  a known  syphilitic  and  a known 
nonsyphilitic  serum.  Two  rows  of  tubes  are  placed  in  a rack.  One-tenth  cubic 
centimeter  of  the  known  syphilitic  serum  is  placed  in  each  tube  of  the  first  row  and 
0.1  c.c.  of  the  nonsyphilitic  serum  is  put  in  each  tube  of  the  second  row;  0.1  c.c. 
of  the  complement  (guinea-pig  serum)  is  placed  in  each  tube.  Having  numbered 
the  tubes  in  each  row  from  one  to  twelve,  increasing  amounts  of  antigen  are  added 
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the  same  quantity  being  placed  in  tubes  with  corresponding  numbers.  Beginning 
with  No.  i syphilitic  and  No.i  nonsyphilitic  o.oi  c.c.  of  antigen  is  added  and  increas- 
ing amounts  to  subsequent  tubes  so  that  No.  12  in  each  contains  0.5  c.c.  of  antigen. 
Shake  the  tubes  and  incubate  for  one  hour;  then  add  two  units  of  amboceptor 
(rabbit  serum)  and  1 c.c.  of  sheep  cells  to  each  tube,  shake  and  again  incubate  for 
one  hour.  The  smallest  amount  of  antigen  which  shows  complete  hemolysis  with 
the  nonsyphilitic  serum  and  causes  inhibition  of  hemolysis  with  the  syphilitic,  in  the 
corresponding  tube,  is  the  proper  amount  to  be  used  in  subsequent  tests.  The  antigen 
should  be  so  mixed  with  salt  solution  that  0.1  c.  c.  of  the  mixture  may  be  added  to 
a tube. 

Having  assembled  the  patients’  sera,  antigen,  complement,  amboceptor,  and 
sheep  cells,  the  actual  steps  of  the  test  are  as  follows,  assuming  that  we  have  the 
sera  of  three  patients,  A,  B,  and  C,  and  two  control  sera,  D (syphilitic)  and  E (non- 
syphilitic) to  examine:  Ten  test-tubes  are  placed  in  a rack  and  0.1  c.c.  of  guinea- 
pig  serum  is  placed  in  each  tube;  0.1  c.c.  of  antigen  is  placed  in  each  of  the  first  five 
tubes,  none  in  the  remainder.  The  tubes  are  lettered  A,  B,  C,  D,  E,  a,  b,  c,  d,  e. 
One-tenth  cubic  centimeter  of  patient  A’s  serum  is  placed  in  tube  A and  tube  a. 
In  like  manner  the  sera  of  the  other  patients  and  the  controls  are  added  to  their  re-  . 
spective  tubes.  The  tubes  are  shaken  and  placed  in  an  incubator  at  37.50  C.  for 
one  hour.  At  the  end  of  that  time  two  units  of  amboceptor  and  1 c.c.  of  a five  per 
cent,  suspension  of  sheep  cells  are  added  to  each  tube.  They  are  again  shaken  and 
incubated  for  an  hour.  When  the  tubes  are  finally  taken  from  the  incubator  they 
are  placed  in  an  ice-box  to  arrest  further  change  and  allowed  to  remain  from  three 
to  twenty-four  hours  or  until  all  suspended  matter  has  settled  to  the  bottom  of  the 
tubes.  A positive  reaction  is  indicated  by  an  opaque,  solid  layer  of  red  blood  cells  at 
the  bottom  of  a tube,  above  which  is  a clear,  colorless  fluid.  A negative  reaction  is 
indicated  by  a homogeneous,  clear,  red,  wine-colored  fluid  in  which  no  vestige  of  cells 
remains. 

When  a Wassermann  test  is  being  performed,  in  addition  to  the  tubes  containing 
known  syphilitic,  nonsyphilitic,  and  patients’  sera  without  antigen,  six  other  con- 
trol tubes  are  set  up  to  prove  the  quality  of  the  several  ingredients  and  to  determine 
whether  they  have  been  combined  in  the  proper  proportion. 

Tube  No.  1,  antigen  control,  contains  only  antigen  and  sheep  cells. 

Tube  No.  2,  complement  control,  contains  only  complement  and  sheep  cells. 

Tube  No.  3,  amboceptor  control,  contains  only  amboceptor  and  sheep  cells. 

Tube  No.  4,  salt  solution  control,  contains  only  salt  solution  and  sheep  cells. 

Tube  No.  s,  contains  antigen,  complement,  amboceptor,  and  sheep  cells  combined  in  the  same  pro- 
portions as  in  the  test. 

Tube  No.  6,  contains  the  same  as  No.  5,  except  no  antigen. 

There  should  be  no  hemolysis  in  the  first  four  tubes;  in  the  last  two  hemolysis 
should  be  complete.  1 

A modification  of  the  Wassermann  test  suggested  by  Noguchi  is  the  use  of 
human  red  blood  cells,  instead  of  sheep  cells,  for  immunizing  rabbits. 

Widal’s  Test  for  the  Diagnosis  of  Typhoid  Fever.1  Culture  Employed. — The 
culture  used  in  the  Widal  test  should  be  taken  from  an  agar  growth  that  has  been 
allowed  to  develop  at  ordinary  room-temperature  for  at  least  twenty  days.  From 
this  agar  culture  inoculations  are  made  into  tubes  containing  neutral  beef  bouillon, 
and  these  tubes,  after  incubation  at  37.5°  C.  for  from  eighteen  to  twenty-four  hours,  | 
are  used  in  the  test.  Instead  of  making  bouillon  growths,  emulsions  in  sterile  dis- 
tilled water  may  be  used  with  good  results  by  thoroughly  mixing  a bit  of  a recent 
agar  growth  with  about  2.5  c.c.  of  sterile  water  in  a test-tube  until  a uniform  cloudi- 
ness appears. 

« The  precautions  previously  indicated  must  be  followed  to  avoid  certain  false 
or  pseudo-reactions,  which  sometimes  occur  when  normal  blood  or  blood  from  in- 
dividuals suffering  from  diseases  other  than  enteric  fever,  is^added  to  a virulent  cul- 
ture of  the  typhoid  bacillus. 

Microscopic  Method. — The  blood  is  obtained  by  puncture  of  a finger,  and  three 
separate  drops  are  allowed  to  fall  upon  the  surface  of  a perfectly  clean  glass  slide 
that  has  been  passed  through  a flame  and  cooled  just  before  use.  The  glasses  are 

1 While  largely  used  in  laboratories  for  the  diagnosis  of  typhoid  fever  the  same  principle  may  be  ap- 
plied to  the  diagnosis  of  paratyphoid,  colon  infections,  para-colon  infections,  bacillary  dysentery,  Malta 
fever,  and  with  less  hopeful  results  to  cholera,  plague,  tuberculosis,  pneumonia,  meningitis,  anthrax,  etc. 
The  bibliography  of  serum  diagnosis  is  most  extensive.  (See  Craw,  Jour,  of  Hygiene,  January,  1905. 
Rostoski,  Manual  of  Serum  Diagnosis,  New  York,  1904.  Asakawa,  Zeit.  f.  Hyg.  u.  Infectionskrank., 
xlv;  Scheller,  Centralbl.  f.  Bakt.,  Bd.  xxxviii,  p.  100.  Ficker, Berlin,  klin.  Woch.,  1903.  No.  45.  Borden, 
Medical  News,  March  18,  1905,  p.  .185.  Wood,  Chemical  and  Microscopical  Diagnosis,  1905.)  Full  re- 
view of  the  subject  by  Rosenberger  (Amer.  Med.,  April  16,  1904,  p.  621). 
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permitted  to  dry,  and  are  then  placed  in  a box  to  await  examination  at  a convenient 
time. 

To  one  of  the  blood-drops  a large  drop  of  sterile  distilled  water  is  added  to  effect 
a solution  of  the  dried  blood;  and  while  this  is  going  on,  the  other  preparations  for 
the  test  are  being  made,  by  cleaning  and  sterilizing  by  the  flame  two  cover-glasses 
and  a concave  slide,  to  be  used  for  the  microscopic  examination  of  the  specimen. 

On  one  of  the  cover-glasses  six  drops  of  the  typhoid  bouillon  are  now  placed, 
C ui°  q1 1S  ?s  ^-dded  a large  drop  taken  with  a platinum  loop  from  the  summit  of 
the  blood  solution,  and  the  whole  is  thoroughly  mixed  together.  From  this  mixture 
of  blood  solution  and  typhoid  bouillon  a minute  quantity  is  now  placed  with  a plat- 
inum needle  upon  the  center  of  the  second  cover-glass,  which  is  immediately  inverted 
over  a hollow-cell  slide,  sealed  with  either  vaselin  or  cedar  oil,  and  examined 
under  the  microscope  with  a J-inch  dry  objective.  (See  Hanging-drop  Culture, 
p.  1072.)  0 1 

Instead  of  the  glass  slide  previously  recommended  for  receiving  the  blood,  a 
small  piece  of  highly  glazed  paper  may  be  substituted.  Whether  using  the  glass 
slide  cover-glass,  foil,  or  paper,  the  blood  as  received  at  the  laboratory  is  dry,  and 
the  difficulty  that  at  once  confronts  the  investigator  is  to  restore  this  to  its  original 
volume.  It  does  not  seem  probable  that  accurate  restoration  is  ever  possible,  and 
for  this  reason  the  dry  method  must  always  be  liable  to  error,  depending  upon  our 
total  inability  accurately  to  determine  the  dilution  used.  The  majority  of  ob- 
servers favor  a dilution  of  not  less  than  one  part  of  serum  to  forty  parts  of 
bacterial  suspension,  and  for  this  purpose  the  writer  is  not  familiar  with  any 
method  that  possesses  advantages  over  that  devised  by  Cabot. 


Negative  Reaction. 


Hanging-drop  culture,  prepared  as  directed  on 
page  1072.  The  bacilli  are  actively  motile 
throughout  the  field. 


Fig.  571. — Bacillus  Typhosus;  Widal’s  Test; 
Positive  Reaction. 

Large  clumps  of  motionless  bacilli  separated  by 
open  spaces.  The  few  bacteria  outside  the 
clumps  are  devoid  of  motility. 


A drop  of  blood  is  placed  in  a tube  or  other  container,  and  at  once,  using  the 
same  pipet,  nineteen  drops  of  sterile  water  are  added.  In  the  laboratory  the  cells 
are  sedimented  and  one  drop  of  the  clear  fluid  is  mixed  with  one  drop  of  a bouillon 
culture  or  aqueous  suspension  of  typhoid  bacilli,  giving  as  nearly  as  can  be  obtained 
a dilution  of  1:40.  If  not  unnecessarily  agitated,  the  corpuscular  elements  will  lie 
mostly  at  the  bottom,  and  the  supernatant  fluid  may  be,  in  a short  time,  clear. 
When  the  mixture  has  not  cleared,  sedimentation  may  be  hastened  by  the  use  of  the 
centrifuge.  Accurate  dilution  may  be  assured  by  the  use  of  the  white  cell  pipet  of 
the  Thoma-Zeiss  counting  apparatus.  The  dilution  made  with  distilled  water  is 
1 to  20;  this  mixture  is  blown  out  into  a small  pipet  or  tube,  which  is  sent  to  the 
laboratory  and  examined  as  directed  above. 

The  time  limit  is  as  important  as  the  dilution;  usually,  by  the  microscopic  method, 
if  the  reaction,  in  dilutions  of  x to  40  or  1 to  50,  is  not  well  advanced  or  complete  in 
thirty  minutes,  the  test  may  be  considered  negative. 

Appearance  of  the  Reaction. — If  the  reaction  is  positive  large  clumps  of  motion- 
less, agglutinated  bacilli,  which  appear  as  irregularly  shaped  islands,  separated  by 
open  spaces  containing,  perhaps,  a few  isolated  bacteria,  whose  power  of  propulsion 
is  either  decidedly  inhibited  or  entirely  lost. 
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If  the  reaction  be  negative,  the  bacilli  appear  as  actively  motile  rods,  darting 
across  the  field  in  every  direction  and  showing  no  tendency  to  form  into  masses, 
although  occasionally  small  clumps  of  the  microorganisms  may  be  noted.  In 
negative  reactions,  however,  clump  formation  never  progresses  to  any  marked 
degree,  and  motility  persists,  regardless  of  the  time  during  which  the  specimen  is 
watched.  If  any  doubt  exists  as  to  the  nature  of  a reaction,  a “control”  slide  should 
be  prepared  with  normal  blood  and  typhoid  bouillon,  for  purposes  of  comparison. 
(See  Figs.  570  and  571.)  . 

The  time  required  for  the  completion  of  a reaction  varies,  but  m a general  way 
it  may  be  said  that  typhoid  blood  will  cause  definite  clumping  and  loss  of  motility 
of  the  typhoid  bacilli  within  thirty  minutes  in  the  great  majority  of  instances.  In 
some  cases  a longer  time  will  be  necessary  before  a correct  interpretation  of  the 
test  can  be  made.  A reaction  may  not  be  classed  as  positive  unless  both  clump  forma- 
tion and  loss  of  motility  coexist,  and  those  reactions  in  which  either  of  the  phenomena 
are  wanting  may  not  be  called  typical. 

For  the  macroscopic  method  small  test-tubes,  the  lumina  of  which  should  not 
exceed  o.^  to  0.7  cm.,  are  used.  The  examination  should  be  made  in  series,  and  for 
this  purpose  the  tubes  may  be  arranged  side  by  side.  The  first  tube  should  contain 
the  bacterial  emulsion  alone.  The  second  tube  forty  parts  of  the  bacterial  emul- 
sion and  one  part  of  the  suspected  serum.  The  third  tube  receives  one  part  of 
normal  serum  and  forty  parts  of  the  bacterial  emulsion.  Other  tubes  may  be  used 
containing  higher  dilutions  of  the  suspected  serum.  In  the  presence  of  a positive  re- 
action, the  bacteria  collect  in  minute  flocculi  (agglutination)  and  finally  fall  to  the 
bottom  of  the  tube  (precipitation).  The  reaction  should  be  complete  in  from  six 
to  twelve  hours. 

Other  methods  for  performing  the  macroscopic  Widal  test  consist  in  the  use  of 
dead  cultures  of  the  organism  instead  of  the  living  germ.  These  cultures  are  killed 
by  heat  or  formalin.  Dead  agar  cultures  are  ground  in  sterile  sand  and  suspended 
in  sterile  salt  solution.  A positive  reaction  by  these  methods  is  indicated  by 
clearing  of  the  turbid  solution  with  sedimentation  of  the  dead  bacilli. 

Vaccines  or  Bacterins. — Two  classes  of  bacterial  vaccines,  stock  and  autogenous,  ) 
are  employed.  Stock  vaccines  are  those  prepared  from  bacteria  which  have  been 
cultivated  for  some  time — bacteria  which  have  not  infected  the  persons  to  whom 
they  are  administered.  Autogenous  vaccines  are  those  prepared  from  organisms 
obtained  from  the  patient  and  grown  on  culture  media  for  at  least  eighteen  hours. 
The  most  important  stock  vaccines  are  prepared  as  follows: 

Typhoid  vaccine,  used  as  a prophylactic,  is  made  by  inoculating  a broad  shallow 
flask  of  bouillon  with  three  or  four  loops  of  a young  typhoid  culture.  The  bouillon 
is  shaken  to  distribute  the  organisms  and  incubated  at  370  C.  for  twenty-four  hours. 
When  removed  from  the  incubator  the  flask  is  kept  in  a water  bath  at  550  C.  for 
one  hour  to  kill  the  bacteria.  The  bouillion  is  tested  for  sterility  and  if  sterile  the 
number  of  organisms  per  cubic  centimeter  is  counted  and  the  bouillon  so  diluted  with 
normal  salt  solution  that  each  cubic  centimeter  contains  1,000,000,000  bacteria.  ; 
One  cubic  centimeter  of  the  vaccine  is  injected  into  the  subcutaneous  tissues  of  the 
back  or  buttock  every  fourth  day  until  three  doses  have  been  administered. 

Haffkine’s  vaccine  for  the  prevention  of  plague  is  made  by  inoculating  flasks  of 
bouillon  containing  globules  of  oil  with  the  Bacillus  pestis.  The  bouillon  is  in- 
cubated at  30°  C.  without  agitation,  for  six  weeks,  each  crop  of  stalactites,  as  it 
develops,  being  shaken  down.  At  the  end  of  six  weeks  the  bacteria  are  killed  by 
heating  the  flask  on  a water-bath  for  one  hour  at  65°  C.  The  dose  of  this  vaccine 
is  a single  injection  of  2.5  c.c.  or  3 c.c. 

Cholera  prophylactic  vaccine  is  made  by  smearing  slant  agar  with  virulent  organ- 
isms which  will  kill  a guinea-pig  in  eight  hours.  The  agar  is  incubated  at  350  C. 
for  twenty-four  hours.  The  growth  is  washed  off  with  1 c.c.  of  salt  solution  for  each 
square  centimeter  of  agar  surface.  This  suspension  is  thoroughly  shaken  and 
sterilized  on  a water-bath  at  54°  C.  for  one  hour.  Two  subcutaneous  doses  of  1 c.c. 
are  given,  an  interval  of  five  days  elapsing  between  the  first  and  second  doses,  j 

With  but  a few  exceptions,  notably  tuberculin  and  Haffkine’s  vaccine,  the 
dosage  of  a vaccine  is  measured  by  the  number  of  contained  organisms.  There  i 
are  several  methods  of  determining  the  number  of  bacteria,  or  standardizing  the 
preparation.  By  some  this  determination  is  made  just  before  the  vaccine  is  sterilized, 
others  make  it  immediately  after  sterilization  has  been  proven.  In  either  case,  all 
clumps  of  bacteria  must  be  broken  by  agitation.  One  end  of  a quarter-inch  glass  tube 
is  drawn  out  into  a capillary  extremity  and  a pencil  mark  made  about  1 cm.  from 
the  end;  this  distance  constitutes  one  unit.  A rubber  bulb  is  mounted  on  the 
other  end  of  the  tube.  Five  units  of  2 per  cent,  sodium  citrate  solution,  one  unit 
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of  blood  from  a healthy  person,  and  one  unit  of  the  vaccine  are  taken  in  the  order 
mentioned.  These  are  thoroughly  mixed  by  forcing  them  upon  a clean  slide  and 
drawing  them  back  into  the  tube  several  times.  Smears  of  this  mixture  are  made 
and  stained  with  Leishman’s  blood  stain.  The  red  blood  cells  and  bacteria  in  a 
certain  area  are  counted.  For  this  work  the  field  of  the  microscope  should  be 
divided.  Two  hairs  so  placed  as  to  enclose  1/8  of  a field  are  convenient.  The  blood 
cells  and  bacteria  in  three  fields  on  each  of  three  slides  should  be  counted.  The 
number  of  bacteria  per  cubic  centimeter  of  vaccine  is  then  determined  by  a com- 
putation based  on  each  cubic  centimeter  of  blood  containing  5,000,000,000  red  cells. 

Another  method  of  counting  the  number  of  bacteria  per  cubic  centimeter  in  a 
vaccine  is  to  use  a Thoma-Zeiss  hemocytometer.  Draw  bacterial  emulsion  or  vaccine 
into  a “red  pipet”  to  the  mark  “ 1 , ” then  fill  the  chamber  to  the  mark  “ 101  ’’  with 
dilute  methylene  blue.  Shake  thoroughly  to  mix  the  contents  and  set  the  pipet  aside 
for  ten  minutes,  again  shake  and  expel  a drop  on  the  counting  stage,  then  count  the 
number  of  organisms  per  square  and  compute  the  number  per  cubic  centimeter  in 
the  vaccine,  just  as  the  number  of  cells  per  cubic  millimeter  is  computed  in  blood 
work.  Quantities  smaller  than  1 c.c.  are  difficult  to  handle;  therefore  it  is  cus- 
tomary after  determining  the  number  of  organisms  per  cubic  centimeter  in  a vaccine  to 
dilute  it  with  sterile  normal  salt  solution  so  that  1 c.c.  will  contain  the  number  of 
organisms  which  constitutes  a dose.  The  safest  way  of  avoiding  contamination  is 
to  put  the  vaccine  in  small  ampoules,  one  dose  in  each. 

Gonococcus  and  pneumococcus  vaccines  are  prepared  in  the  same  way  after 
growth  on  blood-serum  or  blood-serum-agar-slants  or  plates  for  twenty-four  hours 
at  370  C.,  washing  off  the  growth  with  normal  salt  solution  and  sterilizing  the  re- 
sultant suspensions.  Both  these  organisms  rapidly  lose  their  virulence  when 
grown  outside  of  an  animal  body,  hence  only  those  should  be  used  which  have  been 
obtained  from  an  animal  or  person  for  the  purpose  of  preparing  the  vaccine.  Strep- 
tococci, staphylococci,  and  other  organisms  which  thrive  on  agar  may  be  grown  on 
slants  for  eighteen  or  twenty-four  hours  at  370  C.  The  growth  is  then  washed  off 
with,  and  suspended  in,  normal  salt  solution.  The  vaccine  is  standardized  and 
sterilized  with  a minimum  amount  of  heat.  Many  strains  of  staphylococci  and 
other  organisms  show  marked  variations  in  resistance  to  heat.  Usually  6o°  C.  for 
forty  minutes  suffices  to  sterilize  staphylococci  and  streptococci.  In  some  cases 
8o°  C.  for  one  hour  daily  for  a week  will  fail  to  sterilize. 

After  sterility  of  a vaccine  has  been  proven,  a preservative,  as  1 per  cent,  of 
tricresol,  is  added.  Vaccines  should  be  kept  in  a cool  dark  place,  preferably  in  an 
ice-box.  The  dose  of  a vaccine  varies  between  extremely  wide  limits,  from  1,000,000 
to  1,000,000,000  bacteria  being  given.  The  interval  between  doses  is  determined 
by  the  effect  of  each  and  consequently  is  also  extremely  variable. 

Systematic  Records. — In  order  to  render  comparable  studies  made  by  different 
investigators,  as  well  as  for  comparison  of  the  characters  of  different  bacteria, 
it  becomes  necessary  to  select  some  definite  order  of  study  and  a method  by  which 
accurate  records  may  be  kept.  The  method  which  follows  presents  nothing  original, 
and  is  that  in  use  in  the  laboratories  under  the  author’s  supervision.  The  entire 
blank,  as  well  as  the  outline  drawings  of  culture  tubes  ( b , c,  d,  e,  table  on  p.  1086), 
are  supplied  to  the  student,  and  on  these  blanks  he  draws  in  black,  or  better  in 
color,  the  cultural  peculiarities  of  the  microorganism  under  investigation.  For 
noting  the  changes  observed  in  the  culture  from  day  to  day  the  drawings  made 
each  day  are  kept,  and  the  entire  series  clamped  or  gummed  together  for  filing. 
The  table  not  only  affords  a satisfactory  means  for  recording  the  characters  of 
an  organism,  but  also  indicates  what  data  should  be  worked  out,  and  the  usual 
sequence  in  which  the  results  attained  are  recorded. 

TABLE  ILLUSTRATING  METHOD  OF  RECORDING  THE  PRINCIPAL 

CHARACTERS  OF  AN  ORGANISM. 

(A)  Where  found. 

(B)  Morphology.  (a)  Form,  ( b ) size,  (c)  arrangement. 

(C)  Stains.  Reaction  to  Gram’s  method  of  staining. 

(D)  Motility  { [l]  Nonflagellate. 

(E)  Method  of  reproduction. 

(F)  Products  of  growth:  (a)  Acids,  ( b ) alkalies,  ( c ) odor,  (d) 
color,  ( e ) gases,  (/)  enzyme,  (g)  indol,  (/;)  toxin,  (i) 
other  chemicobiologic  reaction  or  product. 

(G)  Characters  of  growth  on : (a)  Plates. 
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(H)  (a)  Aerobic,  (6)  anaerobic  j ObSigate^6*’ 

(I)  Reaction  of  medium  best  adapted  to  its  growth.  Reaction  of  cultures 
in  milk. 

(J)  («)  Optimum  temperature  ( b ) thermal  death-point  ( ^ Moist  heat. 

. I (2)  Dry  heat. 

(K)  Influence  of  antiseptics  and  disinfectants. 

(L)  Pathogenesis. 

(M)  Immunity,  method  of  securing,  duration,  blood  characters  in  and  in- 
fluence of  blood-serum  of  immune  animal  on  the  organism. 

(N)  Remarks:  Peculiarities  not  embraced  in  foregoing  form. 


( d ) Agar. 


(/)  Special 
Medium. 


CHAPTER  IV. 


MICROSCOPIC  EXAMINATION  OF  URINE. 

Collection  of  Sample. — The  amount  of  urine  necessary  for  the  examination 
depends  somewhat  upon  the  object  of  the  examination  and  the  condition  of  the  urine. 
In  most  instances  at  least  200  c.c.  should  be  submitted  to  the  examiner.  For 
chemic  examination  a mixed  twenty-four  hours’  sample  is  usually  recommended, 
jsut  for  microscopic  study  a succession  of  samples  collected  at  different  hours  during 
the  day,  and  especially  morning  and  evening,  offers  certain  advantages.  Bryson  has 
shown  that  for  the  demonstration  of  tubercle  bacilli  residual  urine  offers  better 
results  than  the  tidal.  It  is  well  known  that  purulent  urines,  and  especially  those 
rich  in  bacteria,  particularly  the  colon  bacillus,  exert  a lytic  action  on  structural 
elements  coming  from  the  kidney,  and  especially  on  casts;  such  specimens  should  be 
examined  shortly  after  voiding.  The  urine  should  be  collected  in  a perfectly  clean 
bottle  and  delivered  at  once.  When  tubercle  bacilli  are  to  be  looked  for,  or  when 
any  bacteriologic  examination  is  contemplated,  the  container  should  be  disinfected, 
all  parts  of  the  external  genital  organs  that  are  likely  to  come  in  contact  with  the 
urine  should  be  cleansed  and  the  urine  drawn  with  a sterile  catheter.  Smegma 
bacilli  are  so  abundant  in  the  external  genital  organs  of  the  female  that  it  is  best 
to  use  extra  precautions,  and,  if  possible,  to  remove  the  urine  by  means  of  a glass 
catheter  that  has  been  sterilized  in  a hot-air  oven  at  a sufficiently  high  temperature 
to  carbonize  any  bacteria  that  may  be  upon  or  within  it.  As  soon  as  received,  the 
urine  should  be  sedimented.  This  may  be  accomplished  by  permitting  it  to  stand 
in  a conic  glass,  such  as  is  shown  in  figure  573.  A better  and  more  convenient 
means  for  securing  sedimentation  is  by  the  centrifuge.  Of  the  various  forms  of 
centrifuge,  those  in  which  the  power  is  supplied  by  the  hand  or  turbine  are  to  be 
preferred. 

Method  of  Conducting  the  Examination. — As  soon  as  the  sediment  has  been 
secured  by  either  of  the  methods  previously  indicated,  a sterile  pipet,  closed  by 
the  finger  at  the  upper  end,  is  cautiously  introduced  through  the  supernatant  fluid 
into  the  sediment;  the  finger  is  slowly  drawn  to  one  side,  permitting  a few  drops  of 
sediment  to  enter.  The  finger  is  then  held  tightly  over  the  pipet,  which  is  at  once 
withdrawn  from  the  urine.  The  fluid  on  the  outside  of  the  pipet  is  then  removed 
with  a cloth  or  paper,  and,  holding  the  pipet  perpendicularly,  a small  drop  is  placed 
on  the  slide  and  a cover-glass  applied.  Drain  off  excess  of  fluid  with  blotting-paper, 
and  examine  with  §-inch  and  or  £-inch  objectives.  While  a number  of  methods 
have  been  devised  by  which  the  organized  constituents  of  urine  may  be  stained, 
the  student  had  best  familiarize  himself  with  unstained  preparations,  although  for 
special  purposes  staining  may  be  necessary.  An  important  precaution  is  never  to 
flood  the  field  with  light.  The  illumination  should  be  even  but  subdued;  an  excess 
of  light  renders  hyaline  casts,  red  blood-cells  which  have  lost  their  hemoglobin, 
and  other  shadowy  structures  invisible.  The  light  is  best  reduced  by  lessening 
the  opening  in  the  iris  diaphragm. 

Preservation  of  the  urine  may  be  aided  by  adding  a crystal  of  thymol,  camphor, 
or  menthol.  If  it  be  desired  to  preserve  the  sediment,  this  is  best  accomplished 
by  carefully  decanting  the  supernatant  fluid  and  adding  an  equal  quantity  of  a 
saturated  aqueous  solution  of  potassium  acetate,  allowing  this  to  remain  forty- 
eight  hours,  again  decanting,  and  adding  fresh  acetate  solution.  After  repeating 
this  three  times,  no  difficulty  will  be  found  in  preserving  casts,  blood,  epithelium, 
etc.,  present  in  the  sediment.  Casts  may  be  preserved  indefinitely  in  chloral, 
provided  they  have  been  washed  according  to  the  methods  just  indicated.  The 
chloral  solution  should  have  a strength  of  about  twenty  grains  to  the  ounce  of  water, 
and  should  exceed  in  volume  one  hundred  times  the  volume  of  the  sediment  to  be 
preserved.  Fischel  preserves  casts  in  a mixture  of  equal  parts  of  glycerin  and 
distilled  water,  saturated  with  thymol.1 

1 For  the  permanent  preservation  of  tube  casts  for  microscopic  mounts,  see  Boston,  N.  Y.  Med. 
Jour.,  November  4,  1899.  For  chemistry  of  tube-casts  and  other  details,  see  Coplin,  Publications  from 
the  Laboratories  of  the  Jefferson  Medical  College  Hospital,  1904.  vol.  i.  For  structure,  origin,  and  signifi- 
cance of  casts,  see  p.  651. 
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Organized  Sediment  ( Cellular  Constituents).  Red  Blood-corpuscles. — When 
these  corpuscles  occur  in  large  numbers  and  in  good  condition  without  being  inti- 
mately blended  with  the  urine,  they  are  usually  from  the  bladder  or  urethra;  but 
when  they  do  not  form  a red  sediment  after  many  hours’  standing,  and  have  lost 
their  coloring-matter  and  appear  as  pale  yellow,  washed-out  rings  (phantom 
corpuscles  of  Traube),  especially  if  associated  with  blood-casts,  the  hemorrhage 
has  probably  occurred  in  the  substance  of  the  kidney,  renal  pelvis,  or  ureters. 

Leukocytes  in  urine  are  usually  indicative  of  some  inflammatory  condition 
of  the  conducting  passages.  They  rapidly  disappear  in  alkaline  urines;  when 
freshly  voided,  they  may  show  ameboid  movement.  While  other  forms  are  not 
infrequently  found,  the  polynuclear  usually  predominates.  Fragmented  and 
granular  cells  are  commonly  present. 

Epithelium. — 

Squamous  epithelium. 

Transition  epithelium. 

Epithelium  from  bladder. 

Urinary  Casts  (see  p.  651). 

I.  Those  consisting  of  cells. 

II.  Those  that  consist  of  the  products  of  cellular  change. 

III.  Hyaline  casts. 

A B 


Fig.  572. — Water  Centrifuge. 

The  number  of  revolutions  depends  on  the  water  pressure  and  on  the  size  of  the  supply  pipe.  A pipe  of 
at  least  t inch  should  be  used.  The  ordinary  city  pressure  is  about  25  pounds;  with  lunch 
pipe  this  will  give  1200  revolutions  a minute;  30  pounds  will  give  1400;  35  pounds,  1500.  A thousand 
revolutions  a minute  are  sufficient  for  urine  sedimentation.  Tubes  A and  B hold  30  c.c.  each. 


Examine  with  J-inch  or  J-inch  objective  and  make  drawings  of — 

Blood-casts, 

Epithelial  casts, 

Granular  casts, 

Waxy  casts, 

Fatty  casts, 

Hyaline  casts, 

Pus-casts, 

Bacterial  casts, 

Cylindroids, 

False  casts,  composed  of  urates  or  crystals, 

Casts  from  seminal  tubes. 

Spermatozoa  are  thread-like  bodies,  50  /j.  long,  provided  with  a head  and  a long, 
tapering,  tail-like  extremity.  Their  constant  deposit  indicates  spermatorrhea. 
They  are  easily  identified  in  urinary  sediment,  or  may  be  stained  as  follows : Spread 

a thin  layer  of  the  sediment  on  a clean  cover-glass;  dry  without  heat;  stain  in  car- 
bolfuchsin  for  two  seconds;  wash  in  water;  dry,  and  mount  in  balsam. 

Occasionally  fragments  of  papilloma  may  be  recognized  in  the  urine.  If  the 
specimen  has  been  drawn  with  a catheter,  the  eye  of  the  instrument  may  contain 
shreds  of  such  growths. 

Nonpathogenic  Fungi: 

Molds,  or  large  segmented  rods. 

Yeast  plants  (Saccharomyces  urinae  and  other  yeasts)  are  arranged  in  bead- 
like forms  with  budding  cells  attached.  " $ 

Bacteria  of  decomposition. 


MICROSCOPIC  EXAMINATION  OF  URINE. 


1089 


Pathogenic  Fungi.  Tubercle  Bacilli  (see  p.  117). — In  all  cases  of  purulent 
urine  accompanied  by  anemia,  wasting,  and  evening  rise  of  temperature,  the 
unnary  sediment  should  be  examined  for  tubercle  bacilli. 

Purulent  deposits  of  tuberculous  urine  should  be  treated  the  same  as  sputum 
m searching  for  tubercle  bacilli.  The  centrifuge  aids  materially  in  this  examination. 
(For  method  of  demonstration  see  Tubercle  Bacilli.) 

Gonococcus  (Neisser,  see  p.  78).- — Minute,  roll-shaped  diplococcus  found  in 
urine  containing  gonorrheal  pus.  (For 
method  of  staining  and  description  see 
Gonococcus.) 

Distoma  Haematobium  (see  p.  179). — 

The  oval  eggs  of  this  parasite,  about  125  u 
by  40  n,  spiculated  at  one  end,  are  found 
accompanied  by  blood-cells  and  pus. 

Filaria  Sanguinis  Hominis  (see  p.  196). 

— The  embryos  are  occasionally  found  in 
chyluria.  (See  Animal  Parasites.) 


Fig.  573. — Conic  Glass  Suitable  for  the  Sedi- 
mentation of  Urine.  ( Coplin  and  Bevan.) 

In  position  is  shown  a candle-wick  filter  for  secur- 
ing urinary  sediment.  The  filter  consists  of 
a glass  tube  so  bent  that  the  longer  arm  is 
outside  and  opens  below  the  level  of  the 
bottom  of  the  conic  glass.  Through  the  bent 
glass  tube  are  drawn  a few  strands  of  candle- 
wick  to  fill  the  tube  rather  tightly.  By  capil- 
larity the  urine  rises  in  the  bent  tube  and 
eventually  flows  over;  in  so  doing  it  deposits 
all  the  sediment  on  that  end  of  the  candle- 
wick  which  is  at  the  bottom  of  the  glass. 
This  is  gently  brushed  over  a number  of 
slides,  cover-glasses  are  applied,  and  the  slides 
examined  at  once. 


Fig.  S74-' — Centrifuge  with  Hematocrit 
Attachment. 

lhe  attachment  for  sedimenting  liquids  such  as 
urine  is  shown  in  position  for  use.  This 
may  be  lifted  off  and  the  hematocrit  attach- 
ment shown  in  the  upper  part  of  the  figure 
substituted  in  the  place  of  sedimenting  at- 
tachment shown  in  position.  There  are  two 
gears,  one  for  sedimenting  blood,  known  as 
the  high  gear,  and  which  gives  10,000  to 
14,000-  revolutions  a minute;  the  lower  gear, 
for  sedimenting  urine,  giving  from  2500  to 
4000  revolutions  a minute.  The  crank  is 
easily  transferred  from  one  gear  to  the  other. 


Unorganized  Sediment  ( Crystalline  and  Amorphous) . 

Sediment  of  Acid  Urine. — (Examine  and  draw  the  various  crystals.) 
Uric  acid  (whetstone  crystals). 

Oxalate  of  lime  (envelop  crystals). 

Hippuric  acid. 

Urate  of  soda. 

Tyro  sin  and  leucin. 

Soaps  of  lime  and  magnesium. 

Amorphous  deposits. 

Urates. 

Brown  and  yellow  concretions. 

Sediment  from  Alkaline  Urine. 

Triple  phosphates  (coffin-lid  crystals). 

Urates  of  Ammonium  (hedge-hog  crystals). 

Indigo. 

Cholesterin. 

Amorphous  deposits. 

Phosphate  of  lime. 

Carbonate  of  lime.  ' ' 
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ILLUSTRATIONS  OF  VARIOUS  URINARY  SEDIMENTS.1 


Fig.  575. — Phantom  and  Dis- 
torted Red  Blood-cells 
Found  in  Urine,  Most 
Commonly  That  o f 
Renal  H e m a t u r i a.— 
( Landois .) 


Fig.  576. — -Blood-cells  in 
the  Urine.  (Gould.) 

The  cells  that  appear  almost 
normal  could  not  have 
been  subjected  to  the 
action  of  the  urine  but 
for  a short  time. 


Fig.  577.— Blood-cells  in  the 
Urine,  Lymph-corpuscles, 
Leukocytes  or  Pus-cells, 
and  Crystals  of  Triple 
Phosphate.  X 350  diam- 
eters. (Landois.) 


Fig.  578. — Epithelium  from  the  Conducting 
Part  of  the  Urinary  Apparatus,  Mostly 
from  the  Bladder. 

Note  in  the  upper  left  quadrant  of  the  figure 
the  cells  that  resemble  renal  epithelium. 


Fig.  579. — Epithelium  of  the  Renal  Type. 

The  four  cells  below  and  to  the  left  are  fatty. 
This  form  of  epithelium  will  be  found  on 
casts  and  free  in  the  urine.  It  will  be 
noted,  however,  that  it  so  closely  resembles 
epithelium  from  one  layer  of  the  conducting 
apparatus  that  the  diagnosis  of  free  renal 
epithelium  must  always  be  open  to  criticism. 
See  figure  578,  epithelium  from  the  bladder. 


1 Experience  has  convinced  the  writer  that  the  best  way  to  learn  to  recognize  the  various  urinary  sedi- 
ments is  to  take  as  good  an  illustration,  or  series  of  illustrations,  as  can  be  secured,  and  work  at  the  micro-  , 
scope  with  the  illustrations  at  hand  until  able  to  recognize  all  the  ordinary  forms. 
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Fig.  580. — Seminal  Elements,  Some  of  Which  May  Be  Found  in  Urine. 
a,  a.  Spermatozoa,  b.  Seminal  cells,  c.  Epithelium,  d,  d.  Seminal  granules. 


Fig.  581. — Illustrating  the  Formation  of  Casts. 

( Rindfleisch .) 

a.  Hyaline  cast  in  place.  If  it  comes  away  bringing 
nothing  with  it,  it  will  remain  a hyaline  cast. 
If  Jit  brings  epithelium,  it  will  be  an  epithelial 
cast;  if  the  epithelium  is  granular,  it  will  be  a 
granular  cast;  if  fatty,  a fatty  cast.  c.  Granular 
cast.  The  two  casts  in  the  lower  corner,  and  to 
the  left,  are  hyaline;  the  remaining  casts  are 
largely  hyaline  but  bear  a few  epithelial  cells. 


Fig.  582. — Epithelial  Casts.  ( Landois .) 

A.  Epithelial  cast,  the  lower  end  of  which  is 
coarsely  granular.  B.  Epithelial  cast  in 
which  the  epithelial  cells,  though  them- 
selves granular,  have  not  broken  up. 
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Fig.  583.- — Blood-cells 
and  Blood-cast.— 
( Landois .) 


Fig.  584- 

A.  Hyaline  cast.  B.  Hyaline 
cast  with  a few  attached 
leukocytes.  C.  Hyaline 
cast  with  attached  epithe- 
lium, truly  an  epithelial 
cast.  (Landois.) 


Fig.  585. — Granular  Casts.  (Landois.) 

A.  Granular  cast  in  which  the  granules 
are  fine  and  the  dissolution  of  the  epi- 
thelial cells  is  complete.  B.  Granular 
casts  in  which  the  granules  are  coarse 
and  the  outlines  of  the  epithelial  cells 
at  points  faintly  distinguishable. 


A B 


|Fig.  586. 

A.  Cast  made  up  almost  purely  of  leukocytes. 
B.  Casts  composed  of  acid  sodic  urate;  crys- 
talline casts.  (Landois.) 


Fig.  587. 

a,  a,  b,  c.  Crystals  of  uric  acid,  d,  g.  Zooglea  masses 
of  cocci  and  bacilli,  e.  Mold.  /.  Yeast.  (Lan- 
dois.) 
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Fig.  588. — Some  Forms  op  Uric  Acid. 

Rhombic  crystals.  2.  Whetstone  forms.  3,  3.  Quadrate  forms.  4,  4,  5.  Irregular  forms.  6,  8. 
Groupings  into  roset  forms.  7,  9.  Bundle  forms,  precipitated  by  adding  hydrochloric  acid  to  the  urine. 
The  crystals  may  be  pigmented  or  lightly  colored  brownish-yellow;  the  pigment  is  presumed  to  be 
uroerythrin,  also  called  urochrome.  ( Landois .) 


SFig.  589- — Acid  Ammonium  Urate. 


Fig.  590. — Hippuric  Acid.  Four-sided  Prisms  with 
Two  or  Four  Beveled  Edges.  (Gould.) 
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a. 


S9i. — Some  Deposits  in  Acid  Fermentation  of  the  Urine.  ( Landois .) 
Bacteria,  b.  Amorphous  sodic  urate,  c.  Uric  acid.  d.  Calcium  oxalate. 


Fig.  592. — Some  Deposits  from  Ammoniacal  Urine  (Alkaline  Fermentation). 
a.  Acid  ammonium  urate,  b.  Ammoniomagnesium  phosphate,  c.  Bacteria. 


Fig.  593. — Whetstone  and  Irregular  Crystals  Fig.  594. — Ammonium  Urate.  “Hedge-hog” 
of  Uric  Acid.  {Gould.)  Crystals.  (Gould.) 


Fig 

Tri 
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Fig.  595. — Stellate  and  Feathery  Crystals  of  Triple  Phosphate. 


( Tyson .) 


Fig.  596. — Forms  of  Crystals  of  the  Ammoniomagnesium  Phosphate.  (Tyson.) 


. 597. — Ammoniomagnesium 
Phosphate  (Triple  Phos- 
phate). (Gould.) 
i a n g u 1 a r prisms  w,ith  beveled 
edges;  "coffin-lid”  crystals. 


Fig.  598. — Magnesium  Phos- 
phate. (Gould.) 
Elongated  rhombic  tablets, 
which  may  be  fused  together 
in  variously  formed  masses. 


Fig.  599. — Amorphous 
Granules  of  Calcium 
Carbonate.  (Gould.) 


■ 
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Fig.  600. — Oxalate  of  Lime. 


Fig.  601. — A morphous 
Granules,  Wedge- 
shaped  Crystals, 
some  Arranged  in 
Rosets,  o f Calcium 
Phosphate.  {Gould.) 


Fig.  603. — Calcium  Sul- 
phate; Elongated 
Transparent  N eedles 
or  Tablets.  {Gould.) 


Fig.  602. — Dumb-bell  and  Octahedral 
Crystals  of  Calcium  Oxalate.— 
{Gould.) 


Fig.  604. 

a.  Crystals  of  cystin.  b.  Crystals  of  oxalate  of  lime.  c.  Hour-glass  forms  of  b. 
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Fig.  60s. 

a.  Leucin  balls,  b,  b.  Tyrosin  sheaves 


B 


Fig.  606. — Leucin  and  Tyrosin.  Fig.  607.— Cystin,  Six-sided  Plates, 

A,  A.  Leucin ; yellowish  highly  refracting  spheres,  Often  Superimposed.  ( Gould .) 

with  radiating  lines.  B,  B.  Tyrosin,  needles  and 
sheaf. 


Fig.  608. — -Cholesterin.  ( Landois .) 


Fig.  609. — Indigo.  (Gould.) 

Amorphous  granules,  fine  needles,  and  crystals 
of  a blue  color. 


CHAPTER  V. 


TECHNIC  OF  SPUTUM  EXAMINATION. 

Collecting  the  Specimen. — Great  care  should  be  exercised  in  obtaining  the  spu- 
tum for  examination.  Sputum  collected  immediately  after  eating  usually  contains 
particles  of  the  food,  which  unnecessarily  complicate  the  examination.  The  first 
sputum  raised  in  the  morning  is  to  be  preferred.  The  patient  should  be  instructed 
to  avoid  collecting  mucus  brought  from  the  nose  and  pharynx.  Findlay  obtains 
sputum  from  young  children  by  wrapping  the  finger  with  a piece  of  gauze,  irritating 
the  epiglottis  by  the  gauze-wrapped  finger,  and  sweeping  out  of  the  mouth  any 
sputum  that  results  from  the  induced  coughing.  The  amount  of  sputum  to  be 
obtained  will  vary  with  circumstances : while  a very  small  amount  may  be  examined 
and  give  satisfactory  results,  5 to  10  c.c.  or  more  should  be  obtained  when  possible. 
The  patient  should  expectorate  directly  into  a small  stone  cup  or  sterilized  salt- 
mouth  bottle;  as  soon  as  a sufficient  quantity  of  sputum  has  been  collected,  the 
container  should  be  at  once  sealed  with  adhesive  plaster  or  tightly  corked,  and 
labeled.  When  ready  for  examination,  the  sputum  should  be  poured  upon  a piece 


Fig.  610. — Squamous  Epithelium. 

Often  found  in  sputum  and  in  urine.  In  the  former  it  is  from  the  mouth  or  pharynx.  In  urine  it  is 

usually  from  the  vagina. 

of  ordinary  window  glass  with  the  under  side  painted  black,  or  into  a Petri  dish 
placed  over  a blackened  surface.  Upon  this  black  surface  the  small,  white,  opaque 
portions,  which  are  best  for  examination,  can  be  readily  seen,  removed  by  forceps 
or  platinum  hook,  and  placed  in  the  center  of  a glass  slide.  A cover-glass  is  laid 
on  the  specimen,  and  slight  pressure  made  to  obtain  a uniform  layer. 

White  blood-corpuscles  are  always  present  in  sputum;  eosinophiles  occur  in  certain 
forms  of  asthma  and  chronic  bronchitis,  and,  according  to  Teichmiiller,  in  two- 
thirds  of  the  cases  of  pulmonary  tuberculosis;  in  the  latter  condition  he  believes  they 
have  some  prognostic  value,  being  most  abundant  in  patients  that  are  doing  well. 

Red  Blood-corpuscles. — Their  presence  in  small  numbers  is  not  significant.  In 
pneumonia  they  occur  as  pale,  discoid  bodies,  and  in  hemoptysis  the  sputum  may 
consist  almost  entirely  of  red  corpuscles. 

Epithelium. — Squamous,  from  the  mouth. 

Ciliated,  usually  from  the  trachea  and  bronchi. 

Alveolar,  from  the  alveoli  of  the  lungs. 

Elastic  Fibers.— When  these  fibers  display  an  alveolar  arrangement,  they  have 
been  derived  from  the  pulmonary  alveoli,  and  indicate  a destruction  of  lung  tissue. 

They  occur  in  tuberculosis  and  bronchiectasis,  and  occasionally  in  pulmonary 
abscess,  gangrene  of  the  lung  (some  cases),  pneumonia,  and  destructive  processes 
attacking  the  air-passages  and  lungs.  The  slide  of  sputum  is  prepared  in  the  usual 
way,  and  examined  with  a £-inch  objective.  The  elastic  fibers  exhibit  a double 
contour,  are  dark  colored,  slightly  curved,  and  vary  much  in  length  and  breadth. 
They  can  be  most  readijy  collected  for  demonstration  by  rapid  sedimentation  in  a 
centrifuge. 
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Fig.  6ii. — Curschmann’s  Spirals.  ( Schmaus .) 
a.  X 80  diameters,  b.  X 300  diameters. 


Fig.  612. — Charcot-Leyden  Crystals.  ( Landois .) 
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The  sputum  contains  extraneous  pigments  in  the  pneumonoconioses  and  altered 
blood-pigments  in  chronic  pulmonary  congestion. 

Curschmann’s  spirals  are  found  in  sputum  of  asthmatic  patients,  and  appear  as 
thick  white  bodies  having  a twisted  tubular  form.  When  examined  with  a low  power, 
they  show  a central,  highly  refracting,  twisting  thread,  around  which  is  a mesh- 
work  of  delicate  fibers.  They  require  no  stain. 

Fibrinous  casts  are  tree-like  casts  of  the  terminal  bronchial  tubes,  found  in 
bronchitis  and  pneumonia,  and  composed  of  fibrin  or  mucin  containing  entangled 
cellular  elements.  (See  Fibrinous  Inflammations  of  Mucous  Membranes.) 

Charcot-Leyden  Crystals. — These  crystals  are  colorless,  have  a pointed  octahedral 
form,  and  are  found  chiefly  in  the  semi-solid,  grayish-yellow  pellets  discharged  during 
an  asthmatic  attack. 

The  diagnosis  of  pulmonary  cancer  from  neoplastic  fragments  found  in  the  sputum 
has  been  made  by  Comil. 

Tubercle  Bacillus. — (For  technic  of  examination  see  article  on  Bacteriology.) 

Bacillus  of  leprosy  occasionally  occurs  in  sputum.  (For  technic  of  examination 
see  article  on  Bacteriology.) 

Pneumobacillus  (Friedliinder),  Pneumococcus  (Frankel),  Actinomyces.  Bacillus 
anthracis,  staphylococci,  streptococci,  Bacillus  influenzae.  Bacillus  mallei,  Bacillus 
pestis,  Bacillus  typhosus,  Micrococcus  catarrhalis,  etc.1 — (For  technic  of  demonstration 
see  article  on  Bacteriology.) 

Fragments  of  echinococcus  cysts,  the  scolices  or  booklets  of  the  parasite,  the  eggs  of 
the  Distoma  pulmonale,  rarely  the  parasite,  are  occasionally  found  in  sputum.  The 
Amceba  histolytica  and  possibly  other  amebas  are  occasionally  encountered;  Schmidt 
has  observed  nonpathogenic  flagellates  (trichomonads)  in  the  sputum. 

1 F°r  an  exhaustive  review  of  the  bacterial  flora  of  the  sputum  see  Kerschensteiner,  Deut.  Arch.  f. 
klin.  Med.,  1902,  vol.  lxxv.  Lenhartz,  Postgraduate,  1902. 
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Abnormal,  7 

Abrin,  244 
Abscess,  288 

amebic,  284,  771 
cerebral,  910 
chronic  perinephric,  645 
cold,  867 
hepatic,  770 
metastatic,  277 
myocardial,  494 
of  brain,  9x0 
of  kidney,  654 
of  liver,  770 
of  lung,  601 
of  muscle,  825 
paraosteal,  847 
perigastric,  7x7 
perinephric,  645 
pharyngeal,  695 
prostatic,  951 
pyemic,  277 
of  liver,  770 
retromammary,  999 
splenic,  432 
thyroid,  804 
tonsillar,  693 
traumatic,  of  liver,  770 
tuboovarian,  958 
tropic,  of  liver,  770 
vulvovaginal,  993 
wall  of,  288 
Acaridae,  200 
Acarinoses,  200 

Acarus  folliculorum  hominis,  201 
scabiei,  200 
Acetone,  40 
Achondroplasia,  836 
Achorion  gypseum,  143 
quinckeanum,  143 
Schonleinii,  142 
Acid-alcohol,  1049 
Acid  glychasmalum,  1049 
diacetic,  40 
oxybutyric,  40 
picric,  1049 
Acidosis,  39 

Acids  produced  by  bacteria,  46 
fatty,  40 

Acne  pancreatica,  797 
Acrocephalus  pagus,  17 
Acromegaly,  814 

Actinomyces,  demonstration  of,  146 
Actinomycosis,  145 
abdominal,  750 
of  bone,  855 
of  heart,  502 


Actinomycosis,  of  intestine,  750 
of  liver,  782 
of  lung,  634 
of  mamma,  1002 
of  mouth,  690 
of  mucous  membranes,  567 
of  ovary,  958 
of  spleen,  437 
of  tonsil,  694 

Acute  ascending  paralysis,  923 
bulbar  paralysis,  909 
yellow  atrophy  of  liver,  767 
Addiment,  64 

Addison’s  causeless  anaemia,  416 
disease,  813 
Adenia,  simple,  444 
Adenitis  chronica  of  lymph-nodes,  442 
Adenoids,  post-nasal,  572 
Adenoma,  313 
acinous,  314 
malignant,  323 
of  cervix  uteri,  979 
of  mamma,  1002 
of  nasal  mucous  membrane,  571 
of  ovary,  961 
of  salivary  glands,  701 
of  thyroid  gland,  808 
of  tonsil,  697 
rectal,  315 
tubular,  315 
Adenomyomata,  340 
of  uterus,  984 

Adenosarcoma  of  kidney,  673 
Adhesions  of  serous  membranes,  466 
Adiposis,  218 

dolorosa,  218 
Adiposity,  218 
Adrenals,  810 

atrophy  of,  810 
cysts  of,  813 
degenerations  of,  8 r 1 
hemorrhage  into,  81 1 
hypertrophy  of,  81 1 • 

in  Addison’s  disease,  813 
infiltrations  of,  81 1 
inflammation  of,  8x2 
malformations  of,  810 
malpositions  of,  810 
syphilis  of,  812 
tuberculosis  of,  812 
tumors  of,  812 
Adrenitis,  812 
Aerobe,  45 
Aerocele,  573 
Aeroscope,  Hesse’s,  1068 
Agar,  blood-smeared,  1056 
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Age,  as  cause  of  disease,  21 
Agenesis,  213 

Agglutinable  substance,  67 
Agglutination,  67 

of  Bacillus  tuberculosis,  120 
of  Bacillus  typhosus,  1082 
of  Micrococcus  melitensis,  88 
Agglutinins,  67 

group  reaction  of,  67 
Agglutinophore  group,  67 
Aggressins,  66 
Agnathia,  686 

Air,  bacteriologic  examination  of,  1067 
Air-passages,  infection  through,  52 
Albino,  226 
Albuminuria,  650 
cyclic,  650 
incidental,  650 
orthostatic,  650 
orthotic,  650 
pathologic,  650 
postural,  650 
Alcohol,  acid,  1049 
Alexins,  61 
Algor  mortis,  1016 
Alimentary  canal,  685 
Alkali  produced  by  bacteria,  46 
Amastia,  996 
Amboceptor,  64 
Amebas,  165 
Amebiasis,  165 
Amelus,  16 
Amitosis,  295 
Amygdalitis,  681 
Amyloid,  chemic  tests  for,  221 
Amyloidosis,  2x9 

Amyotrophy,  progressive  spinal,  819 

Anematosis,  416 

Anaerobe,  45 

Anaphylaxis,  68 

Anasarca,  263 

Anastomosis,  collateral,  27 3 
Anemia,  251,  413 

Addison’s  causeless,  416 
aplastic,  417 
essential,  416 
ganglionic,  416 
idiopathic,  4x6 
local,  251 
myelogenic,  416 
pernicious,  416 
primary,  413 

progressive  pernicious,  416 
secondary,  413 
splenic,  434 

Anemias,  tabulation  of  blood-changes 
in,  418 

Anencephalia,  883 
Aneurysm,  533 
acute,  537 
arteriovenous,  536 
chronic,  537 
circumscribed,  537 
cirsoid,  536 
cryptogenic,  534 
cure  of,  53  7 


Aneurysm,  cylindric,  536 
diffuse,  537 
dissecting,  537 
embolic,  537 
embolomycotic,  903 
false,  534 
forms  of,  536 
fusifoi'm,  536 
idiopathic,  534 
mycotic,  903 
old,  537 
racemose,  342 
recent,  537 
saccular,  536 
traumatic,  534 
true,  534 
verminous,  537 
Angina,  156 

diphtheroid,  156 
gangrenous,  562 
Ludwig’s,  564,  691 
pectoris,  501 
pseudodiphtheric,  696 
submaxillary,  acute  infectious,  691 
Vincent’s,  156 
Angioleucitis,  542 
Angiomata,  340 
Angiosarcoma,  plexiform,  353 
Angiosclerosis,  529 
Anguillula  intestinalis,  19 1 
Anhydremia,  398 
Animals,  inoculation  of,  1077 
Ankyloglossia,  686 
Ankylosis,  of  joints,  868 
Ankylostomiasis,  192 
Anopheles,  172 
Anorchism,  939 
Anosmia,  572 
Anteflexion  of  uterus,  974 
Ante  version  of  uterus,  974 
Anthracemia,  94 
Anthracosis,  223 
Anthrax,  94 

cutaneous,  96 
erysipelatous,  96 
intestinal,  96 
pulmonary,  96 
Anti-bodies,  61 
Antibotulin,  94 
Antitoxin,  diphtheria;  91 
plague,  103 
tetanus,  93 
Antitoxins,  62 

method  of  preparing,  1079 
Anuria,  659 

Aorta,  atheroma  of,  524 

postmortem  examination  of,  1029 
Aplasia,  213 
Apneumatosis,  594 
Apoplexy,  903 
cerebral,  903 
embolic,  903 
hemorrhagic,  903 
meningeal,  903 
pulmonary,  591 
thrombotic,  903 
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Appendicitis,  739 
catarrhal,  739 
gangrenous,  740 
perforative,  740 
suppurative,  739 
ulcerative,  739 

Appendix,  inflammations  of,  739 
concretions  within,  740 
cysts  of,  740 
gangrene  of,  740 
Apyrexia,  374 
Argyria,  224 

Arneth’s  division  of  leukocytes,  404 
Arnold’s  steam  sterilizer,  1063 
Arrhinencephalia,  885 
Arteries,  degenerations  of,  533 
diseases  of,  523 
hypertrophy  of,  538 
inflammation  of,  523 
structure  of,  522 
syphilis  of,  532 
tuberculosis  of,  532 
Arterioliths,  270 
Arteriosclerosis,  528 

influence  of,  on  nutrition  of  organs, 
532 

Arteritis,  523 

atheromatous,  523 
ectasial,  533 
gummatous,  533 
infectiosa,  527 
nodosa,  528 
obliterans,  526 

Arthritis,  acute  suppurative,  864 
chronic,  865 

fibrous  tuberculous,  868 
deformans,  865 
dry,  865 
gouty,  864 
purulent,  864 
rheumatoid,  865 
suppurative,  864 
trophic,  865 

Arthropathies,  neurogenous,  866 
spinal,  866 
Arthropodae,  200 
Arthrosis,  hydrops,  863 
Arthrospores,  formation  of,  42 
Ascarides,  189 
Ascaris  lumbricoides,  189 
Ascent  of  uterus,  971 
Ascites,  452 

chyliform,  453 
chylous,  453 
Ascococci,  77 
Aspergillosis,  14 1 
Aspergillus,  141 
flavus,  14 1 
fumigatus,  14 1 
keratitis,  14 1 
niger,  141 
Asthma,  584 

thymic,  450 
Atavism,  10 

Ataxia,  Friedreich’s,  928 
hereditary,  928 


Ataxia,  locomotor,  927 
Atelectasis,  594 
Ateleiosis,  212 
Athelia,  996 
Atheroma,  523 

of  coronary  arteries,  501 
Atherosclerosis,  529 
Athyroidation,  802 
Athyroidea,  802 
Athyroidism,  802 
Athyreosis,  802 
Atony  of  bladder,  680 
of  stomach,  723 
Atresia  of  intestine,  729 
of  stomach,  708 
of  vagina,  986 
Atrophy,  209 
active,  212 

acute  yellow,  of  liver,  767 
brown,  of  heart,  488 
degeneration,  21 1 
lymphoid,  440 
numerical,  212 
of  adrenals,  810 
of  bone,  844 
of  heart,  487 
of  Fallopian  tubes,  966 
of  kidney,  645 
of  liver,  763 
of  mamma,  997 
of  mucous  membranes,  547 
of  muscle,  819 
of  pancreas,  791 
of  prostate,  948 
of  pudendum,  991 
of  spleen,  429 
of  testicle,  940 
of  thymus  body,  449 
of  thyroid,  800 
of  uterus,  974 
of  vagina,  987 
passive,  212 

progressive  muscular,  of  spinal 
origin,  925 
red,  of  liver,  761 
simple,  211 
Autoclav,  1063 

Autoinoculation  of  tumors,  transcuta- 
neous, 309 
Autointoxication,  3 1 
Autointoxications,  direct,  32,  371 
indirect,  32,  371 
Autolysis,  242 
Autosite,  17 

Bacillemia,  tuberculous,  130 
of  typhoid,  1 13 
Bacilli,  77 

carriers,  113 
Bacillus  aceticus,  46 
acidi  lactici,  46 
aerogenes  capsulatus,  106 
anthracis,  94 
botulinus,  94 
butyricus,  46 
coli  communis,  108 


70 


INDEX. 


1106 

Bacillus,  diphtherias,  88 
dysenterias,  114 
edematis  maligni,  107 
enteritidis,  no 
fusiformis,  156 
influenzae,  97 
Koch- Weeks,  104 
lacunatis,  104 
leprae,  133 
mallei,  138 

mucosus  capsulatus,  98 
of  avian  tuberculosis,  122 
of  bovine  tuberculosis,  122 
of  Ducrey,  103 
of  Friedlander,  98 
of  Morax-Axenfeld,  104 
of  symptomatic  anthrax,  96 
paratyphoid,  113 
pestis,  99 
pneumoniae,  98 
pyocyaneus,  105 
rhinoscleromatis,  137 
tetani,  92 
tuberculosis,  117 
typhi  abdominalis,  no 
typhosus,  no 
ulceris  mollis,  103 
Bacteremia,  372 
Bacteria,  77,  41 
aerobic,  45 
anaerobic,  45 
as  causes  of  disea.se,  41 
chromogenic,  43  , 
in  tissue,  Weigert’s  method  for 
demonstrating,  1069 
liquefaction  of  gelatin  by,  44 
motility  of,  42 

not  staining  by  Gram’s  method,  44 
pathogenic,  43 

propagation  of,  by  fission,  42 
reproduction  of,  42 
saprophytic,  43 
spore  formation  of,  42 
stain  reaction  of,  44 
staining  by  Gram’s  method,  44 
structure  of,  41 
technic  of  examining,  1055 
toxicogenic,  44,  48 
zymogenic,  43 
Bacterins,  1084 
Bacteriolysis,  63,  67 
Balanoposthitis,  953 
Balantidium  coli,  167 
Banti’s  disease,  435 
Barnes’s  dropping  bottle,  1049 
Basedow’s  disease,  807 
Basket-cells  of  nervous  system,  878 
Basophilia,  409 

Basophilic  granulation  of  red  cells,  402 
Battledore  hand,  813 
Bedbug,  202 

Beef-peptone-agar,  1060 
Beef-peptone-gelatin,  1058 
Bence-Jones  albumin,  861 
Bensley’s  solution,  1039 
Beri-beri,  934' 


Bidermoma,  364 
Biebrich’s  scarlet,  383 
Biermer’s  disease,  416 
Bile-ducts,  784 

inflammation  of,  784 
obstruction  of,  786 
suppuration  of,  784 
tumors  of,  788 
Bilharzia  haematobia,  179 
Bilharziosis,  179 
Biliary  cirrhosis,  777 
passages,  784 

postmortem  examination  of, 
1026 

Birds,  tubercle  bacillus  of,  117 
Birth-canal,  infection  through,  52 
‘ Birth-mark,  341 
Black-leg,  97 
Black-tongue,  691 
Bladder,  atony  of,  680 

chronic  congestion  of,  680 
diverticula  of,  644 
exstrophy  of,  644 
hypertrophy  of,  68  r 
inflammation  of,  681 
malformations  of,  644 
postmortem  examination  of,  1026 
tuberculosis  of,  682 
tumors  of,  683 

Blake  bottle  for  plating,  1064 
Blastomyces,  150 
Blastomycosis,  150 
Bleeders,  255 
Bleichsucht,  414 
Blood,  379 

animal  parasites  in,  425 
coagulation  time  of,  395 
color  index,  389 
counting  erythrocytes,  390 
leukocytes,  393 
diabetic,  staining  of,  383 
differential  counting,  394 
films,  staining  of,  380 
freezing-point  of,  398 
hemoglobin  estimation  of,  383 
method  of  obtaining  for  examina- 
tion, 379 

mycoses  of,  372,  424 
pathology  of,  396 
platelet,  410 
regeneration  of,  412 
specific  gravity  of,  388 
staining  of,  380 

by  Ehrlich’s  method,  381 
by  Leishman’s  method,  381 
by  Wright’s  method,  380 
viscosity  of,  398 
volume  index  of,  395 
Blood-cells,  counting  of,  390 
nucleated  red,  400 
Blood-serum,  human,  1056 

mixture,  Loffler’s,  1055 
sterilization  of,  1055 
Blood-vessels,  522 

amyloid  infiltration  of,  533 
angiosclerosis  of,  529 
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Blood-vessels,  cryptogenic  calcification, 
533 

diaphanous  degeneration  of,  533 
fatty  degeneration  of,  533 
hyaline  degeneration  of,  533 
ossification  of,  533 
tumors  of,  541 

vitreous  degeneration  of,  533 
Bodies,  foreign,  in  myocardium,  503 
in  stomach,  71 1 
loose,  in  joints,  862 
Pacchionian,  872 

Body,  postmortem  external  examination 
of,  1016 

internal  examination  of,  1017 
restoration  of,  1037 
Bone,  833 

abscess  of,  847 
actinomycosis  of,  855 
agenesis  of,  838 
anemia  of,  841 
atrophy  of,  844 
caries  of,  848 
congestion  of,  841 
cysts  of,  86  x 
fractures  of,  855 
glanders  of,  855 
greenstick  fracture  of,  855 
halisteresis  of,  845 
hyperemia  of,  841 
hypertrophy  of,  842 
inflammations  of,  846 
leontiasis,  842 
leprosy  of,  855 
malformation  of,  836 
necrosis  of,  848 
regeneration  of,  850 
repair  of,  857 
resorption  of,  835 
syphilis  of,  854 
toxic  necrosis  of,  849 
tuberculosis  of,  852 
tumors  of,  859 
Bone-cutting  forceps,  1036 
Bone-marrow,  834 
cells  of,  834 
changes  in,  839 
Botulism,  94 

Bouillon,  Koch’s  alkaline  beef-peptone, 
io57 

Brachydactylia,  14 
Brachyphalangia,  14 
Brain,  872,  896 

abscess  of,  910 
anemia  of,  896 
cysts  of,  918 
edema  of,  889 
ependymal  sclerosis,  915 
hypertrophy  of,  886 
inflammation  of,  907 
insular  sclerosis  of,  914 
lobar  sclerosis  of,  915 
malformations  of,  879 
multiple  sclerosis  of,  914 
postmortem  examination  of,  1030 
method  of  preserving,  1031 


Brain,  red  softening  of,  906 
sclerosis  of,  914 
softening  of,  905 
syphilis  of,  912 
tuberculosis  of,  913 
tumors  of,  916 
white  softening  of,  906 
yellow  softening  of,  906 
Bright’s  disease,  633 
Bronchi,  581 

concretions  of,  587 
hyperemia  of,  581 
inflammation  of  581 
malformations  of,  581 
parasites  in,  637 

postmortem  examination  of,  1024 
stenosis  of,  584 
syphilis  of,  584 
tuberculosis  of,  584 
Bronchiectasis,  585 
Bronchiolectasis,  585 
Bronchioles,  inflammation  of,  583 
Bronchioliths,  587 
Bronchiolitis,  583 
Bronchitis,  581 
catarrhal,  581 
fetid,  582 
fibrinous,  583 
follicular,  582 
gangrenous,  584 
hemorrhagic,  584 
putrid,  582 
syphilitic,  584 
Bronchoblenorrhea,  582 
Bronchocele,  804 
Bronchopneumonia,  614 
Bronchorrhea,  582 
Bubo,  441 

chancroidal,  103 
parotid,  699 
primary,  iox 

of  first  order,  10 1 
of  second  order,  10 1 
secondary,  101 

Buerger’s  method  for  staining  capsules, 
1071 

Bundle  of  His,  500 
Burns  as  causes  of  disease,  25 
classified  as  to  degree,  25 
systemic  phenomena  of,  26 
Bursas,  inflammation  of,  83 1 
Bursitis,  831 

chronic  serous,  83  1 

Cachexia  strumipriva,  802 
Caisson  disease,  28 
Calcification,  227 

of  blood-vessels,  533 
miliary,  228 
of  pericardium,  467 
Calculi,  biliary,  787 
mulberry,  682 
pancreatic,  796 
prostatic,  950 
seminal,  948 
vesical,  682 
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Callus,  857 

Calvarium,  postmortem  examination, 
1029 

Canal,  alimentary,  685 
Cancer  (also  see  Carcinoma),  317 
acinous,  327 
acute,  330 
adenoid,  323 
chronic,  327 
ectopic  thyroid,  800 
hard,  327' 
infra-ampullary,  753 
juxtajejunal,  753 
medullary,  330 
melanotic,  332 
of  larynx,  580 
of  ovary,  965 
of  pancreas,  796 
of  stomach,  726 
of  thyroid,  808 
peri-amptdlary,  753 
primary,  of  bile-ducts,  788 
of  liver,  782 
of  lung,  635 
soft,  330 
superficial,  321 
supra- ampullary,  753 
varieties  of,  321 
Cancrum  oris,  248,  688 
Capsulitis,  circumscribed,  of  spleen,  432 
fibrous,  472 
hepatic,  779 

Carbol-fuchsin,  Ziehl’s,  1068 
Carcinoma,  317 

alveoli  of,  318 
atrophic  scirrhous,  329 
basocellulare,  327 
branchiogenic,  686 
clinical  characters  of,  319 
colloid,  331 
cystic,  327 

styloid  ,327 

diagnostic  features  of,  358 
encephaloid,  330 
endothelial,  333 
fibrous,  327 
gelatiniform,  331 
glandular,  327 
iuxta-pyloric  duodenal,  753 
medullary,  330 
melanotic,  332 
mucoid,  331 
of  bile-ducts,  788 
of  brain,  918 
of  esophagus,  707 
of  intestine,  733 
of  liver,  782 
of  lung,  635 
of  lymph-nodes,  448 
of  mamma,  1003 
of  penis,  955 
of  stomach,  726 
pigmentation  of,  320 
scirrhous,  327 
secondary  changes,  320 
site  of,  320 


Carcinoma,  varieties  of,  321 
Carcinomatosis  cutis,  353 

of  serous  membranes,  480 
Carcinosarcomata  of  thyroid,  808 
Cardiopathy,  517 
Cardioptosis,  484 
Cardiospasm,  705 
Caries,  of  bone,  848,  850 
Carmin,  1048 
Carnification  of  lung,  595 
Carriers,  of  bacilli,  113 
Caseation,  246 
Casts,  blood,  651 
epithelial,  651 
fatty,  651 

fibrinous,  in  sputum,  1101 
granular,  651 
hyaline,  651 
renal,  651 
waxy,  651 
Catarrh,  552 

acute  gastric,  713 
chronic  gastric,  714 
chronic  nasal,  570 
pharyngeal,  694 

dry,  of  mucous  membranes,  554 
suffocative  bronchial,  581 
suppurative,  of  mucous  mem- 
branes, 564 

Causes,  autogenous,  2 1 
conditional,  2 1 
exciting,  21 
exogenous,  22 
external,  22 
extrinsic,  22 
immediate,  21 
internal,  2 1 
intrinsic,  2 1 
mental,  23 
predisposing,  2 1 
remote,  2 1 
unconditional,  21 
Cavernitis,  953,  954 
Cecitis,  738 

Cell,  direct  division  of,  295 
division  by  force,  295 
ganglion,  873 

pathology  of,  897 
indifferent,  296 
indirect  division  of,  295 
Ivupffer,  759 

parasitism  of,  in  neoplasms,  307 
plasma,  298 
reproduction,  295 
Celloidin,  infiltration  with,  1045 
Cellulitis,  diffuse  submaxillary,  691 
suppurative,  291 
Cementoma,  698 
Center,  thermotactic,  368 
Cercomonas  hominis,  167 
Cerebral  abscess,  wall  of,  910 
apoplexy,  903 
hemorrhage,  903 
softening,  905 
Cerebritis,  907 

acute  hemorrhagic,  908 
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Cerebritis,  suppurative,  909 
Cerebrospinal  fluid,  886 
Cerebrospinal  meningitis,  895 
Cerebrum,  872 

Cervix,  uteri,  adenoma  of,  979 
Cestodes,  18 1 
Chalicosis,  223,  547 
Chancre,  160 
Chancroid,  103 
of  vulva,  994 
Charbon,  94 

symptomatique,  97 

Charcot-Leyden  crystals  in  sputum,  1101 

Charcot’s  disease  of  joints,  866 

Chemiotaxis,  284 

Chemistry,  pathological,  5 

Chemotaxis,  284 

Chills,  373 

Chloranemia,  414 

Chloremia,  414 

Chloroformbacilline,  48 

Chlorolymphoma,  356 

Chloroma,  355 

Chlorosis,  414 

Cholangitis,  784 

Cholecystitis,  785 

phlegmonous,  786 
pseudomembranous,  786 
tuberculous,  786 
Cholelithiasis,  787 
Cholemia,  36,  398 
Cholera  asiatica,  115,  746 
infantum,  741 
Cholesteatoma,  353 
of  brain,  918 
Chondritis,  articular,  862 
Chondroblasts,  857 
Chondrodystrophia  fcetalis,  836 
Chondroma,  334 
Chondrosarcoma,  356 
Choriocarcinoma,  359 
Chorioepithelioma,  359 
Chromatolysis,  899 

Chromo-aceto-osmic  acid  mixture,  1039 
Chromogens,  43 

Chronic  cyanosis  with  polycythemia  and 
enlarged  spleen,  403 
hyperplastic  inflammation  of  serous 
membranes,  472 
Chylangioma,  343  . 

Chyle-cysts,  542 
Chylocele,  198 
Chylothorax,  258 
Chyluria,  198 
Cimex  hirundinis,  202 
lectularia,  202 

Cirrhosis  anthracotica  of  liver,  776 
atrophic,  of  liver,  774 
biliary,  of  liver,  774 
fatty,  of  liver,  777 
hypertrophic  biliary,  of  liver,  778 
Laennec’s,  of  liver,  774 
obstructive  biliary,  777 
of  liver,  773 
portal,  774 
venous,  of  liver,  774 


Classification  of  tumors,  309 
Cleaning  of  hemocytometer,  393 
Clearing  agents,  1041 
Clitoris,  hypertrophy  of,  990 
Clots,  postmortem,  264 
Cloudy  swelling,  231 
Coagulation  of  milk  by  bacteria,  44 
necrosis,  243 
time,  of  blood,  395 
Coagulometer,  Russell- Brodie,  396 
Wright’s,  396 
Cocci,  77 
Coccidia,  169 
Coccidiosis,  169 
Coccidium  oviforme,  170 
Cold,  as  cause  of  disease,  26 
Colitis,  740 

acute  catarrhal,  741 
follicular,  741 
chronic  catarrhal,  742 
cystic,  742 
diphtheric,  743 
gangrenous,  743 
mucous,  743 
necrosing,  743 
polyposa,  742 
pseudomembranous,  742 
Collapse,  of  lung,  594 
Colloid,  236 

Colon,  acquired  dilatation  of,  732 
chronic  catarrh  of,  742 
gangrene  of,  743 
infection  by  ameba,  743 
inflammation  of,  740 
invagination  of,  733 
Colonies,  apparatus  for  counting,  1067 
Color  index  of  blood,  389 
Colpitis,  987 

mycotica,  144 
Complement,  64 
Complications,  20 
Compound  granule  cells,  906 
Concretions  of  bronchi,  587 
within  appendix,  740 
Conditions,  elephantoid,  198 
Condyloma  acuminata,  955 
Congestion,  258 
active,  252 
cirrhosis  of,  521 
hypostatic,  259 
of  lung,  588 

morbid  anatomy  of,  259 
of  mucous  membranes,  546 
Congestion  of  regurgitation,  259 
passive,  258 
venous,  258 
Congo  red,  383 
Conidia,  141 

Conjunctival  tuberculin  test,  12  1 
Conjunctivitis,  104 

diplobacillary,  104 
Conradi’s  medium,  1056 
Conradi-Drigalski  medium,  1059 
Constriction,  subvalvular,  of  heart,  518 
Conus  arteriosus,  stenosis  of,  486 
Copremia,  35,  371 
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Coprostasis,  35 
Copula,  64 
Cor  adiposum,  488 
hirsutum,  460 
villosum,  460 

Coronary  arteries,  atheroma  of,  501 

Corpora  amylacea,  950 

Corpus  luteum,  cysts  of,  961 

Costotome,  1019 

Cover-glass  forceps,  1069 

Coxalgia,  853 

Craniopagus,  17 

Craniorrachischisis  totalis,  879 

Cranioschisis,  883 

Craniotabes,  859 

Crenation,  400 

Cretinism,  sporadic,  801 

Crisis,  373 

Croup,  catarrhal,  574 
false,  574 
membranous,  574 
spasmodic,  574 
Croupous  pneumonia,  604 

blood-changes  in,  613 
causes  of,  605 
complications  of,  612,  613 
engorgement,  607 
gray  hepatization,  610 
morbid  anatomy  of,  607 
red  hepatization,  608 
terminations  of,  612 
Cryptorchism,  940 
Culex,  202 

Culture-containers,  1060 
Culture-media,  1055 
reaction  of,  1073 
Cultures,  anaerobic,  1071 
hanging-drop,  1072 
mixed,  1062 
pure,  1062 
slant,  1062 
smear,  1065 
stab,  1065 
stroke,  1065 

Curschmann’s  spirals  in  sputum,  1101 
Cyanosis,  chronic,  with  polycythemia 
and  enlarged  spleen,  403 
Cyclocephalia,  885 
Cyclopia,  885 
Cylindrolysis,  651 
Cylindroma,  356 
Cystadenoma,  363 
of  ovary,  961 
Cysticercosis,  183 
Cysticercus  cellulosse,  183,  36:; 

saginata,  183 
Cystitis,  681 

Cystocele,  abdominal,  680 
vaginal,  987 
Cystoma,  362 
Cysts,  361 

branchial,  686 
cavernous,  361 
changes  in,  36s 
chylous,  343 
coccidial,  170 


Cysts,  dermoid,  364 
extravasation,  363 
exudation,  362 
hydatid,  185 
multilocular,  361 
multiple,  361 
mucous,  361 
nephric,  361 
of  adrenals,  813 
of  appendix,  740 
of  bone,  861 
of  brain,  918 
of  kidney,  673 
of  liver,  783 
of  mamma,  1009 
of  pancreas,  797 
of  spleen,  438 
of  thyroid,  808 
of  urachus,  644 
of  vagina,  989 
papilliferous,  361,  964 
paranephric  urinary,  645 
pararenal,  645 
parasitic,  364 
proliferous,  361 
pseudopancreatic,  797 
retention,  362 
retroperitoneal,  479 
sanguineous,  363 
simple,  361 
thyroglossal,  800 
unilocular,  361 
urinosanguineous,  645 
Cytase,  64 
Cytases,  75 

Cytodiagnosis,  285,  477,  886 
Cytolysis,  63 
Cytoryctes  variolas,  171 


Dare’s  hemoglobinometer,  385 
Death,  signs  of,  1016 
thymic,  450 

Death-point,  for  bacteria,  45,  1074 
Deciduoma,  359 
malignum,  359 
Deferentitis,  946 
Deformity,  9 
Degeneration,  230 

acute  fatty,  of  liver,  767 

ascending,  of  spinal  cord,  920 

colloid,  236 

corneous,  238 

cystic,  of  kidney,  677 

diaphanous,  of  blood-vessels,  533 

fatty,  232 

glassy,  237 

granular,  231 

hyaline,  237 

hydropic,  235 

keratohyaline,  238 

mucoid,  236 

myxomatous,  236 

of  nerves,  93 1 

parenchymatous,  231 

secondary,  of  nerve-fibers,  900 
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Degeneration,  vitreous,  237 
Wallerian,  901 

Degenerations  and  infiltrations,  215 
Delafield’s  hematoxylin,  1049 
Demarcation,  line  of,  249 
Dementia  paralytica  91 1 
Demodex,  201 
Dendrites,  changes  in,  899 
Deposits,  calcific,  demonstration  of,  228 
uric  acid,  229 
Dercum’s  disease,  218 
Dermatitis,  blastomycetic,  151 
Dermatolysis,  338 
Dermatomy  coses,  142 
Dermatomyositis,  825 
Dermoids,  compound,  364 
of  ovary,  965 
simple,  364 
traumatic,  364 
Descensus  ventriculi,  710 
Desmoid,  337 
Desmon,  64 
Detoxication,  35 
Dexiocardia,  483 
Diabetes,  40 
Diacetic  acid,  40 
Diastematomyelia,  883 
Diathesis,  inherited  hemorrhagic,  255 
Dibothriocephalus  latus,  188 
Dicephalus,  17 
Dicrocaelium  lanceatum,  178 
Differentiation  of  stain,  1048 
Digitu  mortui,  249 
Dilatation,  of  colon,  732 
of  esophagus,  704 
of  heart,  517,  520 
of  intestine,  732 
of  stomach,  722 
of  veins,  540 
Diphtheria,  696 
antitoxin,  91 
bacillus  of,  88 
Diphtheriolysin,  91 
Diphtheromycosis,  696 
Diplococci,  77 
Diplococcus  pneumoniae,  80 

intracellularis  meningitidis,  82 
rheumaticus,  84 
Dipygus,  17 
Disease,  19 
acute,  20 
Addison’s,  813 
artisans’,  23 
bacteria  as  causes  of,  4 1 
Banti’s,  435 
Basedow’s,  807 
Biermer’s,  416 
Bilharzia,  179 
Bright’s,  655 
caisson,  28 
causes  of,  21 
Charcot’s,  of  joints,  866 
chronic,  20 
communicable,  20 
Dercum’s,  218 
foot  and  mouth,  687 


Disease,  functional,  19 
Glenard’s,  427 
Graves’s,  807 
guinea- worm,  199 
Hirschsprung’s,  732 
Hodgkin’s,  444 
ingestive,  20 
Kahler’s,  861 
lardaceous,  219 
Mikulicz’s,  700 
of  kidney-bed,  644 
organic,  19 

poisons  as  causes  of,  30 
Pott’s,  867 
Raynaud’s,  249 
Riga’s,  691 
screw- worm,  202 
specific,  20 

starvation  as  a cause  of,  23 
thermal  causes  of,  25 
Thomsen’s,  82 1 
trauma  as  a cause  of,  2 7 
wool-sorter’s,  94 
Diseases,  bacterial,  20 
contagious,  20 
chronic,  20 
cryptogenic,  20 
elephantoid,  198 
endemic,  20 
epidemic,  20 
foudroyant,  20 
fulminating,  20 
germ,  20 
hyperacute,  20 
idiopathic,  20 
infectious,  20 
intercurrent,  20 
microbic,  20 
pandemic,  20 
parasitic,  20 
sporadic,  20 
traumatic,  20 
Dish,  Petri,  1064 
Disinfection,  1074 
Dissecting  forceps,  1028 
Distoma  hepaticum,  178 
hematobium,  179 
in  urine,  179 
lanceolatum,  178 
pulmonale,  178,  637 
ringeri,  178 
sibiriscum,  178 
Westermannii,  178,  637 
Distomatosis,  177 
Bilharzia,  179 
hepatic,  178 
intestinal,  178 
pancreatic,  178 
pulmonary,  178 
venal,  177 

Distomiasis.  See  Distomatosis,  177 
Distoxication,  35 
Disuse  as  a cause  of  atrophy,  210 
Diverticula,  esophageal,  705 
gastric,  708 
intestinal,  730 
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Diverticula,  Meckel’s,  730 
of  bladder,  644 
Diverticulitis,  731 
Division,  amitotic,  295 
mitotic,  295 
Dourine,  168 
Dracontiasis,  199 
Dracunculus  Medinensis,  199 
Dropsy.  See  Edema,  260 
cellular,  235 

Duckwall’s  flagella-stain,  107  j 
Duct,  thyroglossal,  799 
Ductless  glands,  799 
Ductus  arteriosus,  patulous,  485 
Dunham’s  peptone  solution,  1062 
Duodenitis,  738 

Duodenpm,  postmortem  examination 
of,  1026 

Duplicitas  anterior,  17 
parallela,  18 
posterior,  1 7 
Dura  mater,  887 

syphilis  of,  889 
tuberculosis  of,  889 
tumors  of,  889 

Durante-Cohnheim,  inclusion  theory  of, 
3°  5 

Dwarfism,  12 

Dyes,  anilin,  used  in  staining,  1050 
Dysentery,  114,  743 

acute  infectious,  744 
amebic,  745 
Dyspepsia,  555 
Dystopia  testis,  940 
Dystrophia  adiposo-genitalis,  814 
Dystrophy,  progressive  muscular,  819 
Erb  type,  821 

facioscapulohumeral  type, 
82 1 

Landouzy  and  Dejerine 
type,  821 


Ecchondromata,  334 

Ecchymosis,  257 
Echinococcus  altricipariens,  185 
granulosus,  185 
hominis;  185 
hydatidosus,  185 
multilocularis,  186 
scolices  of,  187 
scolipariens,  185 
veterinorum,  185 
Eclampsia,  38 
Ectasia,  arterial,  534 
Ectasy,  gastric,  722 
Ectopia,  7 

cordis,  482 
testis,  939 
vesicas,  644 
Ectrodactylia,  14 
Ectromelus,  16 
Edema,  260 

angiosclerotic,  263 
cachectic,  262 
cardiac,  522 


Edema,  ex  vacuo,  262 
infectious,  262 
inflammatory,  262 
ischemic,  262 
malignant,  107 
morbid  anatomy  of,  262 
neuropathic,  262 
of  brain,  889 
of  glottis,  578 
pulmonary,  589 

acute  fulminating,  589 
simple  acute,  589 
serous,  of  larynx,  579 
thermal,  262 
toxic,  262 
traumatic,  262 
trophic,  262 
varieties  of,  262 

Egg  for  use  as  culture-medium,  1057 
Ehrlich’s  acid  hematoxylin,  1049 
stain  for  blood,  382 
Eichhorst’s  corpuscles,  399 
Electricity,  28 
Elephantiasis,  198,  992 
Elephantoid  diseases,  198 
Elytritis,  987 
Emboli,  forms  of,  272 
infective,  273 
neoplastic,  272 
retrograde,  273 
Embolism,  271 
Embolus,  271 

changes  induced  by,  272 
crossed,  272 
infective,  272 
paradoxic,  272 
simple,  272 
Embryomata,  364 
Emphysema,  595 

acute  vesicular,  599 
atrophic,  599 
cadaverosum,  107 
compensatory,  596 
gangrenous,  249 
gaseous,  106 
hypertrophic,  596 
idiopathic,  596 
interlobular,  595 
interstitial,  595 
large-lunged,  596 
of  lung,  595 
of  neck,  57 3 
of  spleen,  427 
senile,  599 
small-lunged,  599 
substantial,  596 
vesicular,  596 
vicarious,  596 
Empyema,  468 

interlobar,  470 
of  gall-bladder,  786 
Encephalitis,  acute,  907 

hemorrhagic,  908 
suppurative,  909 
chronic,  910 
meningo-,  91 1 
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Encephalocele,  884 
Encephalomeningocele,  883 
Encephalomyelitis  haemorrhagica,  908 
Enchondroma,  334 
Enchondrosis,  334 
Endarteritis,  atheromatous,  523 
cartilaginosa,  528 
chronica  nodosa,  523 
deformans,  523 
luetica,  533 
tuberculosa,  129,  532 
verrucosa,  528 
warty,  528 
Endocarditis,  504 

acute  malignant,  510 
simple,  505 

bacteria  in,  506 
vegetations  in,  508 
adhesive,  513 
bacterial,  510 
chronic,  513 

ulcerating,  513 
diphtheritic,  510 
fibrous,  513 
forms  of,  505 
indurative,  513 
interstitial,  513 
malignant,  510 
mural,  504 
mycotic,  5x0 
permanent,  513 
polypous,  509 
pustular,  5x0 
pyemica,  510 
sclerotic,  513 
simple,  505 
ulcerative,  510 
valvular,  504 
verrucosa,  509 
villous,  509 

Endocardium,  inflammations  of,  504 
Endocervicitis,  975 
Endometritis,  975 

acute  catarrhal,  975 
glandular,  976 
interstitial,  976 
chronic  catarrhal,  976 
exfoliative,  978 
hemorrhagic,  976 
hyperplastic,  976 
hypertrophic,  976 
interstitial,  977 
membranous,.  978 
polypoid,  977 
puerperal,  977 
Endoneurium,  871 
Endophlebitis  tuberculosa,  129 
Endo’s  medium,  1059 
Endospore  formation  of  bacteria,  42 
Endotheliolysin,  34 
Endothelioma,  353 
Endotheliomata,  hemanvio-,  33s 
lymphangio-,  355  ' 

of  pia-arachnoid,  896 
of  salivary  glands,  702 
of  serous  membranes,  479 


Endotoxin,  47 
Enostoses,  336,  843 
Entamoeba  coli,  165 
histolytica,  165 
Enteric  fever,  746 
Enteritis,  738 

catarrhal,  738 
follicular,  738 
gangrenous,  739 
hemorrhagic,  739 
phlegmonous,  739 
pseudomembranous,  739 
serous,  738 
Enterocele,  728 
Enterocolitis,  738 
Enterocystoma,  73 1 
Entero-epiplocele,  728 
Enterolithiasis,  755 
Enteroliths,  755 
Enteroplegia,  722 
Enteroptosis,  371,  728 
Enterorrhagia,  257 
Enterosepsis,  371 
Enterotome,  1027 
Enzymes,  46 
Eosin,  1050 
Eosinophilia,  410 
Ependymitis,  892 
Epidermoids,  364 
Epididymitis,  941 
Epinephritis,  812 
Epineurium,  871 
Epiphyseolysis,  854 
Epiphysitis,  acute  infectious,  847 
Epiplocele,  728 
Epispadias,  644 
Epistaxis,  257,  569 
Epithelioma,  321 

benign  cystic,  327 
columnar  cell,  323 
cylindric  cell,  323 
pearl,  321 
squamous,  321 
tricho-,  326 
tubulated,  326 
Epithelium  ixx  sputum,  1099 
in  urine,  1088 
Epulis,  698 

Erlicki’s  solution,  1040 
Erosions  of  stomach,  714 
Erysipelas,  streptococcus  of,  86 
Erythrasma,  143 
Erythremia,  403 
Eythrocruorin,  403 
Erythrocyte,  399 

basophilic  granulation  of,  402 
Erythrocytolysin,  33 
Erythrocytolysis,  33 
Esmarch’s  tube  plates,  1064 
Esophagismus,  704 
Esophagitis,  703 
Esophagomalacia,  705 
Esophagus,  702 

actinomycosis  of,  704 
atresia  of,  702 
carcinoma  of,  707 
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Esophagus,  dilatation  of,  704 
diverticula  of,  705 
gummata  of,  704 
malformations  of,  702 
perforation  of,  705 
postmortem  examination  of,  1027 
rupture  of,  705 
sarcoma  of,  707 
streptothricosis  of,  703 
stricture  of,  704 
syphilis  of,  704 
thrush  of,  703 
tuberculosis  of,  703 
tumors  of,  706 
Etiology,  2 x 

Evisceration,  Letulle’s  method,  1033 
Exostoses,  336,  843 
Exostosis,  chondroid,  334 
Exotoxin,  47 

Exstrophy  of  bladder,  644 
Exudates,  263 

Eye,  inoculations  into  anterior  chamber 
of,  1078 

Fallopian  tube,  966 

actinomycosis  of,  970 
atrophy  of,  966 
hypertrophy  of,  966 
inflammations  of,  966 
malformations  of,  966 
malpositions  of,  966 
tuberculosis  of,  969 
tumors  of,  970 
Farcy,  139 
Farina  kettle,  1057 
Fasciola  hepatica,  178 
Fasciolidas,  178 
Fastigium,  72 
Fat,  demonstration  of,  234 
necrosis  of,  245 
Fauces,  gangrene  of,  562 
Favus,  142 
Febris  amatoria,  414 
Ferments,  46 
Fever,  367,  369 

blood-changes  in,  375 
cerebrospinal,  895 
changes  in  organs,  375 
enteric,  no,  746 
fastigium,  72,  373 
intermittent,  374 
Malta,  88 
paratyphoid,  749 
relapsing,  154 
remittent,  374 
splenic,  94 
surgical  aseptic,  371 
Texas,  34 
typhoid,  1 10,  746 

Widal’s  test  for,  1082 
Fibers,  elastic,  in  sputum,  1099 
Fibro-adenoma,  314 
Fibroblasts,  296 
Fibroid,  recurrent,  349 
Fibroids,  of  uterus,  982 
Fibrolipoma,  334 


Fibroma,  33  7 
angio-,  338 
durum,  337 
lipomatodes,  338 
molle,  337 
ossificum,  338 
petrificum,  338 
simple,  337 
telangiectaticum,  338 
Fibromyoma  of  uterus,  982 
Fibroneuromata,  3x5 
Fibrosarcoma,  349 
Fibrosis,  arteriocapillary,  529 
substitutive,  292 
Filaria  Bancrofti,  198 
bronchialis,  200 
embryo  of,  198 
hominis  oris,  200 
loa,  200 

medinensis,  199 
sanguinis  hominis,  196 
diurna,  197 
in  urine,  1089 
nocturna,  197 
perstans,  197 
Filariae,  table  of,  197 
Filariasis,  196 
Films,  fixation  of,  380 
Fissura  abdominalis,  13 
sterni,  13 
vesicas,  642 

Fistulse,  rectovaginal,  987 
retro-uterine,  978 
thyroglossal,  976 
ureterovaginal,  987 
urethrovaginal,  987 
vesico-uterine,  978 
vesicovaginal,  987 
Fixation  of  tissue,  1039 
Fixatives,  1039 
Fixator,  64 

Flagella,  methods  of  staining,  1070 
Fleas,  213 

Flemming’s  solution,  1039 
Flexion,  lateral  of  uterus,  974 
Fluke,  blood,  1 79 
Flukes,  177 
Foam-liver,  759 
Foam-organs,  107 
Foot-and-mouth  disease,  687 
Forceps,  cover-glass,  1043 
dissecting,  1028 
Formalin,  1037 
Fracture  of  bone,  855 
of  penis,  954 
Fragilitas  ossium,  844 
Framboesia  tropica,  164 
Freezing  microtome,  1047 
Freezing-point  of  blood,  398 
Friedlander’s  method  of  staining  for 
capsule  of  Bacillus  pneumoniae,  99 
Friedreich’s  ataxia,  928 
Fungi,  mold,  14 1 
in  urine,  1088 
Fungus  hematodes,  330 
Funiculitis,  946 
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Gabbet’s  stain  for  tubercle  bacillus,  119 
Galactocele,  362 
Galactophoritis,  998 
Gall-bladder,  empyema  of,  786 
inflammation  of,  785 
tuberculosis  of,  786 
tumors  of,  788 
Gall-stones,  787 
Gametes,  169 

Ganglion  cells  of  nervous  system,  873 
general  pathology  of,  897 
pyramidal,  of  nervous  system, 
878 

Gangrene,  246 

circumscribed,  248 
diabetic,  250 
dry,  250 

emphysematous,  107 
gaseous,  249 
hospital,  250 
inflammatory,  247 
line  of  demarcation,  249 
moist,  247 
of  lung,  602 
senile,  249 
spreading,  248 
symmetric,  248 
traumatic,  247 
Gas,  formation  of,  1071 
Gastralgia,  724 
Gastrectasis,  722 
Gastritis,  713 

acute  catarrhal,  713 
atrophic,  716 
chronic,  714 
fibrinous,  716 
fibroid,  716 

hyperplastic  interstitial,  717 
phlegmonous,  716 
polyposa,  715 
pseudomembranous,  716 
Gastroliths,  711 
Gastromalacia,  708 
Gastroplegia,  722 
Gastroptosis,  710 
Gastrorrhagia,  712 
Gastroschisis,  13 

Gelatin,  liquefaction  by  bacteria,  44 

method  for  preserving  tissues,  1038 
Gemmulae,  changes  in,  899 
Genitals,  internal,  postmortem  exami- 
nation of,  1026 
Giant  growth,  206 
Giantism,  12 
Giants,  816 
Gigantoblasts,  401 

Gilson’s  method  of  celloidin  infiltration, 
1046 

Gingivitis,  phagedenic,  687 
Glanders,  138 

localized,  139 
of  bone,  855 
of  lung,  634 

of  mucous  membranes,  567 
septicemic,  140 
Glands,  ductless,  799 


Glenard’s  disease,  427,  789 
Glioma,  316,  916 

of  spinal  cord,  929 
Gliosarcoma,  316 
of  brain,  918 
of  spinal  cord,  929 
Glossina  palpalis,  168 
Glossitis,  690 

parasitic,  691 
pseudomembranous,  691 
Glossophygia,  691 
Glottis,  edema  of,  578 
Glycemia,  398 

Glycerin-ether  mixture,  Unna,  1051 
Glycogen,  229 
Gnats,  202 
Goiter,  804 

aberrant,  806 
benign,  806 
cystic  colloid,  805 
ectopic,  806 
exophthalmic,  807 
fibroid,  805 
hemorrhagic,  805 
hyperplastic,  805 
intratracheal,  806 
lingual,  806 
malignant,  806 
mediastinal,  806 
neoplastic,  806 
nodular  fibroid,  805 
parenchymatous,  805 
submaxillary,  806 
telangiectatic,  806 
tracheal,  806 
vascular,  806 

Golgi’s  method,  Berkley’s  modification, 
873 

Gonococcemia,  78 
Gonococcus,  78 
in  urine,  1089 
Gonorrhoea,  79,  684 

Gram’s  iodin-iodo-potassic  solution,  1070 
Granulation,  basophilic,  402 
Granuloma,  coccidioidal,  152 
Graves’s  disease,  807 
Greensickness,  414 

Grenadier’s  alcoholic  borax-carmin,  1 04S 

Grooved  director,  1024 

Guinea- worm  disease,  199 

Gumma,  163 

Gynecomastia,  996 

Habits,  23 

Haemosporidia,  171 

Haffkine’s  protective  inoculation,  116, 
1084 

Hair-balls  in  stomach,  71 1 
Halisteresis  of  bone,  845 
Hand,  battledore,  815 
Haptophore  group,  62 
Harelip,  685 

Harris’s  hematoxylin,  1049 
Head,  postmortem  examination  of 
1028 
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Healing  by  first  intention,  296 
by  second  intention,  300 
by  third  intention,  300 
Heart,  481 

abdominal,  482 
acquired  malposition  of,  484 
acute  dilatation  of,  519 
amyloid  infiltration  of,  489 
aneurysm  of,  500 
atrioventricular  bundle  of,  500 
atrophy  of,  487 
brown  atrophy  of,  488 
bundle  of  His,  500 
calcareous  infiltration  of,  489 
cervical,  482 
chondroma  of,  503 
chronic  dilatation  of,  520 
cloudy  swelling  of,  490 
concentric  hypertrophy  of,  517 
dilatation  of,  with  thickening,  517 
with  thinning,  517 
eccentric  hypertrophy  of,  517 
fatty  degeneration  of,  490 
fatty  infiltration  of,  488 
granular  degeneration  of,  490 
gumma  of,  501 
hyaline  degeneration  of,  492 
hydatid  cysts  of,  503 
hypertrophy  of,  517 
hypoplasia  of,  486 
inflammation  of,  493 
lardaceous  disease  of,  489 
lipomatosis  of,  489 
malformations  of,  484 

of  blood-vessels  of,  485 
of  valves  of,  486 
of  walls  of,  484 
malposition  of,  482 
metastatic  abscess  of,  494 
mobile,  484 

orifices,  narrowing  of,  515 
obstruction  of,  515 
stenosis  of,  515 
pectoral,  483 

pigmentary  infiltration  of,  490 
postmortem  examination  of,  1020 
rhabdomyoma  of, 503 
rupture  of,  503 
sarcoma  of,  503 
size  of  normal,  482 
structure  of,  481 
subvalvular  constriction,  518 
stenosis,  5x8 
syphilis  of,  501 
tabby  cat,  490 
tiger,  490 

toxic  degeneration  of,  492 
tuberculosis  of,  502 
tumors  ofi  502 

valves,  incompetency  of,  515 
stenosis  of,  515 
wandering,  484 
Heart-block,  500 
Heat  in  inflammation,  292 
Heidenhain’s  solution,  1039 
Hemangiomata,  341 


Hemangiomata,  cavernous,  341 
plexiform,  342 
simple,  341 
Hemarthron,  257 
Hemarthrosis,  255 

of  hemophilia,  862 
Hematemesis,  712 
Hematencephalon,  257 
Hematocele,  257,  363,  992 
Hematochyluria,  198 
Hematocolpometra,  987 
Hematocolpos,  987 
Hematocrit,  394 
Hematoidin,  224 
Hematoma,  257 
Hematometra,  987 
Hematomyelia,  257,  921 
Hematosalpinx,  966 
Hematoxylin,  1049 
Hematuria,  257 
malaria,  34 
parasitic,  649 
renal,  648 
Hemi  -atrophy,  12 
Hemihypertrophy,  12,  206 
Hemimelus,  14 
Hemochromatosis,  226 
Hemocytolysis,  411 
Hemocytometer,  Thoma-Zeiss,  390 
cleaning  of,  393 
Hemofuscin,  226 
Hemogelometer,  396 
Hemoglobin,  403 

estimation  of,  in  blood,  383 
percentage  of,  in  blood,  389 
scale,  Talqvist’s,  389 
Hemoglobinemia,  224,  411 
Hemoglobinometer,  Dare’s,  385 
Von  Fleischl’s,  384 
Sahli’s,  383 
Hemoglobinuria,  412 
epidemic,  254 
paroxysmal,  412 
Hemolymph-nodes,  439 
Hemolysin,  33 
Hemolysis,  33,  41 1 
Hemometer,  Sahli,  383 
Hemopericardium,  257,  479 
Hemoperitoneum,  257,  479 
Hemophilia,  255 
renal,  649 

Hemoptysis,  257,  590 
parasitic,  178 
Hemorrhage,  253 
arterial,  253 
capillary,  253 
cerebral,  257,  903 
effects  of,  257 
extradural,  901 
from  larynx,  573 
from  mucous  membrane,  547 
from  nose,  569 
from  uterus,  975 
infantile  meningeal,  905 
intestinal,  738 
into  adrenals,  81 1 
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Hemorrhage,  into  joints,  862 
into  mamma,  997 
into  muscle,  822 
into  nerves,  93 1 
into  pancreas,  790 
into  spinal  cord,  921 
into  spleen,  432 
into  testicle,  941 
intracranial,  901 
intradural,  901 
mixed,  253 
occult  gastric,  712 
of  stomach,  712 
ovarian,  957 
per  diabrosin,  256 
per  diapedesin,  254 
per  rhexin,  2 53 
pulmonary,  590 
purpuric,  257 

systemic  phenomena  induced  by, 
258 

subdural,  902 
under  periosteum,  839 
venous,  253 
Hemorrhagin,  34 
Hemorrhoids,  755 
vesical,  680 
Hemosiderin,  224 
Hemothorax,  257,  479 
Hepatitis,  770 

acute  nonsuppurative,  770 
parenchymatous,  770 
chronic  interstitial,  774 
parenchymatous,  770 
suppurative,  770 
Hepatization,  white,  of  lung,  633 
gray,  610 
red,  608 
Hepatolysin,  34 
Hepatoptosis,  759 
Hereditary  ataxia,  928 
Heredity,  2 1 

Hermann’s  solution,  1039 
Hermaphrodismus  verus,  13 
Hermaphroditism,  13 
Hernia,  728 

congenital  diaphragmatic,  7 
diaphragmatic,  710 
of  lungs,  587 
of  ovary,  956 
Herpes  exedens,  326 
tonsurans,  143 
Hesse’s  aeroscope,  1068 
Heterolysis,  242 
Heteroplasia,  209 
Heterotaxy,  16,  483 

Heterotopia  of  gray  matter  of  brain,  8S6 
of  spinal  cord,  883 

Hiss’  method  of  staining  capsules,  1071 
medium,  1056 
Histologic  methods,  1039 
Histoplasma  capsulatum,  170 
Hodgkin’s  disease,  444 
Holorrhachischisis,  880 
Hyaloserositis,  472 

Hydatid  cysts.  See  Echinococcus,  185 


Hydremia,  397 
Hydrocephalus,  external,  263 
internal,  263 

acquired,  890 
congenital,  885 
Hydromicrocephaly,  886 
Hydromyelia,  885 
Hydromyelocele,  882 
Hydronephrosis,  675 
Hydropericardium,  452 
Hydroperitoneum,  452 
Hydrosalpinx,  966 
Hydrops  arthrosis,  863 

articulorum  intermittens,  863 
cystidis  felleas,  786 
ex  vacuo,  890 
universalis,  263 
Hydrothorax,  452 
Hygroma,  362 
Hymen,  varieties  of,  990 
Hymenolepsis  diminuta,  184 
nana,  184 
Hyperemia,  252 
active,  252 
arterial,  252 
collateral,  252 
compensatory,  252 
passive,  252 
venous,  258 
Hyperergia,  205 

Hyperesthesia  of  olfactory  nerves,  573 

Hyperhypophysy,  814 

Hyperinosis,  397 

Hyperkeratosis,  238 

Hypernephroma,  674 

Hyperosmia,  573 

Hyperpituitarism,  814 

Hyperplasia,  209 

Hyperthermia,  369 

Hyperthyroidism,  807 

Hypertrophy,  205 

compensatory,  208 
concentric,  of  heart,  517 
congenital  of  intestine,  732 
eccentric,  of  heart,  517 
life  history  of,  519 
limitations  of,  208 
numerical,  207 
of  adrenals,  81 1 
of  arteries,  538 
of  bladder,  681 
of  bone,  842 
of  brain,  886 
of  Fallopian  tubes,  966 
of  heart,  517 
of  kidney,  646 
of  labia,  991 
of  liver,  762 
of  mamms,  997 
of  mucous  membranes,  547 
of  muscle,  821 
of  ovary,  957 
of  prostate,  949 
of  spleen,  429 
of  testicle,  941 
of  thymus  body,  449 
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Hypertrophy,  of  thyroid,  803 
of  uterus,  975 
physiologic,  208 
simple,  207 
Hyphae,  141 
Hyphomycetes,  14 1 
Hypinosis,  397 
Hypoleukocytosis,  405 
Hypophysis,  813 

inflammations  of,  8x6 
morbid  physiology  of,  814 
syphilis  of,  816 
tuberculosis  of,  816 
tumors  of,  816 
Hypopituitarism,  814 
Hypoplasia,  212 

asyrhmetric,  213 
of  heart,  486 
of  mamma,  997 
of  spleen,  428 
of  uterus,  971 
partial,  of  brain,  886 
Hypospadias,  644 
Hypothermia,  368 


Ichthyosis,  231 

Icterus,  36 

essential  hemorrhagic,  767 
gravis,  767 
Idiosyncrasy,  21 
Ileocolitis,  738 
Ileus,  acute  paralytic,  723 
Immune  body,  64 
Immunisin,  64 
Immunity,  55 
absolute,  56 

accumulation  theory  of,  59 

acquired,  56 

active,  56 

antitoxic,  58 

artificial,  57 

bacteriolytic,  58 

cellulohumoral  theory  of,  61 

Ehrlich’s  theory  of,  61 

exhaustion  theory  of,  59 

experimental,  57 

forms  of,  55 

induced,  57 

local,  58 

Metchnikoff’s  theory,  59 
natural,  56 
passive,  57 

phagocytic  theory  of,  59 
side-chain  theory  of,  61 
theories  of,  58 
Impulse,  congenital,  206 
Incubation  of  cultures,  1076 
period  of,  7 1 
Incubator,  1076 
Indol,  1074 

Induration,  brown,  521 
chronic  splenic,  43  1 
cyanotic,  522 
fibroid  of  lung,  618 
gray  of  lung,  620 


Infantilism,  intestinal,  213 
symptomatic,  212 
Infarct,  274 

anemic,  274 
hemorrhagic,  274 
white,  274 

Infarction  of  liver,  762 
of  lung,  591 
renal,  648 
splenic,  433 

Infarcts,  multiple  anemic,  of  kidney,  276, 
646 

uratic,  of  kidney,  646 
Infection,  Bilharzia  hematobia,  179 
extension  by  blood,  52 
by  continuity,  52 
by  lymphatics,  52 
mixed,  50 

of  lymph-nodes,  440 
of  mouth,  690 
pathology  of,  7 1 
paths  of,  50 

paths  of,  in  tuberculosis,  123 
pure,  50 
secondary,  372 
simple,  50 
tertiary,  372 
through  air-passages,  52 
through  alimentary  canal,  51 
through  birth  canal,  52 
through  genito-urinary  system,  52 
through  mouth,  5 1 
through  skin,  50 
tonsillar,  5 1 
transplacental,  50 
Infections,  77 
local,  371 

Infiltration,  215,  308 
amyloid,  219 

bacony,  219.  See,  Amyloid. 
calcareous,  227 
celloidin  method,  1045 
cholesterin,  230 
fatty,  215 
glycogen,  229 
hemorrhagic,  257 
hydropic,  230 

lardaceous,  219.  See  Amyloid. 
methods  of,  1040 
paraffin,  method  of,  1040 
pigmentary,  222 
purulent,  291 
waxy,  219 
Inflammation,  279 
acute,  291 
aseptic,  292 
chronic,  291 

degenerative,  of  kidney,  652 
diffuse,  292 
etiology  of,  279 
gonorrheal,  684 
heat  in,  292 
interstitial,  292 
intravascular  changes,  281 
migrating  leukocytes  in,  282 
morbid  anatomy  of,  281 
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Inflammation,  morbid  physiology  of, 
292 

of  arteries,  523 

of  bone,  846 

of  colon,  740 

of  joints,  862 

of  kidney,  651 

of  larynx,  574 

of  liver,  770 

of  mamma,  997 

of  mouth,  686 

of  muscle,  823 

of  nasal  mucosa,  570 

of  mucous  membranes,  551 

of  nerves,  932 

of  ovary,  957 

of  pancreas,  791 

of  penis,  953 

of  periosteum,  839 

of  serous  membranes,  455 

of  spinal  cord,  921 

of  stomach,  713 

of  testicle,  941 

of  thyroid,  803 

of  uterus,  975 

of  veins,  538 

pain  in,  293 

parenchymatous,  292 

perivascular  changes,  283 

productive,  291 

septic,  292 

subacute,  291 

systemic  phenomena  of,  294 
terminations  of,  287 
vascular  changes,  281 
Influenza,  97 

Inhalation,  inoculation  by,  1078 
Iniopagus,  17 

Inoculation  by  feeding,  1078 
by  inhalation,  1078 
by  tissue  implantation,  1078 
into  anterior  chamber  of  the  eye, 
1078 

intracranial,  1078 
intraperitoneal,  1077 
intravenous,  1078 
of  animals,  1076 
protective,  for  cholera,  116 
for  typhoid,  1084 
subcutaneous,  of  animals,  1077 
Inoma,  337 
Insecta,  203 

Insects  and  communicable  diseases,  203 
Instruments  for  postmortem,  1013 
Insufficiency,  influence  of,  on  heart,  516 
of  heart  valves,  515 
Insular  sclerosis,  914 
Intermittent  claudication,  252 
laming,  252 
Intestine,  727 

actinomycosis,  750 

atresia  of,  729 

bacteria  of,  736 

calculi  of,  755 

carcinoma  of,  753 

congenital  hypertrophy  of,  732 


Intestine,  congestion  of,  737 
dilatation  of,  732 
diverticula  of,  730 
gangrene  of,  739 
hemorrhage  of,  738 
hyperemia  of,  737 
inflammation  of,  738 
intussusception  of,  732 
invagination  of,  732 
malformations  of,  729 
malpositions  of,  727 
obstruction  of,  735 
postmortem  examination  of,  1027 
sarcoma  of,  754 
stenosis  of,  729 
syphilis  of,  750 
tuberculosis  of,  751 
tumors  of,  753 
volvulus  of,  728 
Intoxication,  31 
Intoxications,  372' 

gastrointestinal,  35 
illustrative,  35 

Intussusception,  ileocecal  733 
ileocolic,  733 
of  intestine,  732 
Intussusceptum,  733 
Intussuscipiens,  733 
Invagination,  732 
enteric,  733 
of  colon,  733 
of  intestine,  732 
Inversio  vesicae,  644 
Involucrum,  850 
Iodin  reaction,  382 
Iodophilia,  230,  382 
Ischemia,  251 
Ischiopagus,  17 
Itch,  200 

ground,  195 
Ixodes  ricinus,  201 


Jaundice,  36 

hematogenous,  36 
hepatogenous,  36 
malignant,  767 
Jaw,  prognathous,  814 
Jejunitis,  738 
Joints,,  861 

ankylosis  of,  868 
arborescent  lipoma  of,  866 
Charcot’s  disease,  866 
degenerations  of,  861 
dropsy  of,  863 
hemorrhage  into,  862 
infiltration  into,  862 
inflammation  of,  862 
loose  bodies  in,  862 
luxation  of,  86 1 
malformation  of,  86  r 
malposition  of,  861 
neurogenous  arthropathies  of,  866 
neuropathic  diseases  of,  866 
syphilis  of,  868 
tuberculosis  of,  867 
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Kahler’s  disease,  86 1 
Kaiserling’s  solution,  1038 
Kakke,  934 
Kaolinosis,  223 
Karyokinesis,  295 
Karyolysis,  408 
Karyomitosis,  295 
Kelis,  339 
Keloid,  339 
Keratin,  238 

Keratitis,  aspergillus,  14 1 
Keratosis,  238 
Kidney,  absence  of,  642 

arteriosclerotic  contracted,  664 

atrophy  of,  645 

cirrhotic,  664 

congestion  of,  648 

contracted,  664 

cyanotic,  648 

cystic  disease  of,  677 

cysts  of,  675 

degenerations  of,  646 

degenerative  inflammations  of,  652 

diseases  of,  645 

fibroid,  664 

floating,  643 

gouty,  664 

granular,  664 

hob-nail,  664 

horseshoe,  642 

hydatid  cysts  of,  677 

hyperemia  of,  647 

hypertrophy  of,  646 

infarction  of,  648 

infiltrations  of,  646 

inflammation  of,  651 

lardaceous  disease  of,  669 

large  white,  660 

leprosy  of,  673 

malformations  of,  640 

malpositions  of,  640 

movable,  643 

polycystic,  677 

postmortem  examination  of,  1025 
sclerotic,  664 
single,  642 
small  white,  662 
solitary,  641 
supernumerary,  642 
syphilis  of,  672 
tuberculosis  of  672 
tumors  of,  673 
Kidney-bed,  diseases  of,  644 
Knife,  graduated  brain,  1026 
Valentine’s,  1039 

Koch’s  alkaline-beef-peptone  bouillon, 

, io5  7 
law,  43 

syringe,  1077 

Koch-Erhlich  anilin  water  solution,  1068 
Koch- Weeks’s  bacillus,  104 
Kraurosis  vulvas,  991 
Kupffer  cells,  759 
Kyphosis,  853 

Labels,  1049 


Labia,  hypertrophy  of,  991 
Lacteals,  metastasis  by,  308 
Laennec’s  cirrhosis  of  liver,  774 
Lardaceous  disease,  219 
Laryngitis,  574 

chronic  catarrhal,  574 
hemorrhagic,  573 
pseudomembranous,  574 
spasmodic,  574 
suppurative,  574 
Larynx,  573 

actinomycosis,  577 
calcification  of  cartilages  of,  578 
cancer  of,  580 
congestion  of,  574 
edema  of,  579 
hemorrhage  from,  573 
hyperemia  of,  574 
inflammation  of,  574 
leprosy  of,  577 
malformations  of,  573 
perichondritis  of,  577 
postmortem  examination  of,  1024 
rhinoscleroma  of,  577 
stenosis  of,  579 
syphilis  of,  576 
tuberculoma  of,  576 
tuberculosis  of,  575 
tumors  of,  580 
typhoid  ulcer  of,  575 
Law,  Koch’s,  43 

Leather-bottle  stomach  717,  727 
Leiomyoma,  339 
Leishman-Donovan  bodies,  170 
Leishman’s  stain,  381 
Leontiasis  ossea,  842 
Lepra  mutilans,  137 
Leprosy,  133 

anaesthetic,  135 
gangrenous.  137 
mixed  forms,  137 
nodular,  137 
of  bone,  855 
of  kidney,  673 
of  larynx,  577 
of  liver,  782 
of  lung,  633 

of  mucous  membranes,  567 
of  nasal  mucosa,  571 
of  pleura,  478 
of  spleen,  437 
smooth,  135 
trophoneurotic,  135 
tubercular,  137 
Leptomeningitis,  890 
Leptothricosis,  150 
Leptus  autumnalis,  200 
Lesion,  macroscopic,  19 
microscopic,  19 
Lethargy,  African,  168 
Letulle’s  method  of  evisceration,  1033 
Leukanemia,  421 
Leukemia,  420 
acute,  423 
lymphatic,  422 
myelogenous,  421 
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Leukemia,  table  of,  418 
Leukocidins,  85 
Leukocytes,  404 

Arneth’s  division  of,  404 
counting  of,  393 
melaniferous,  408 
sudanophil,  405 
table  of,  406 

Leukocythemia,  420.  See  Leukemia. 
Leukocytopenia,  405 
Leukocytosis,  408 
agonal,  410 
inflammatory,  408 
physiologic,  408 
toxic,  410 
Leukoderma,  226 
Leukolysis,  408 
Leukomyelitis,  922 
Leukopenia,  405 
Leukoplakia,  691 
Leukoprotease,  287 
Leukotaxis,  408 
Light,  as  cause  of  disease,  27 
Lightning,  marks  produced  by,  29 
Lipase,  287 
Lipemia,  398 
Lipochromes,  226 
Lipofibroma,  337 
Lipoids,  226J 
Lipoma,  333 

arborescent,  of  joint,  866 
degenerations  of,  338 
infiltrations  of,  338 
myxo-,  337 
simple,  334 
Lipomatosis,  218 

Liquefaction  of  gelatin  by  bacteria,  1059 
of  thrombus,  268 
Liquor  puris,  289 
sanguinis,  396 
Line  of  demarcation,  249 
Linitis,  plastic,  717 
suppurativa,  716 
Lithiasis,  mammary,  999 
Lithopedion,  228 
Lithosis,  223,  547 
Liver,  757 

abscess  of,  770 

actinomycosis  of,  782 

acute  fatty  degeneration  of,  767 

acute  yellow  atropy  of,  767 

amebic  abscess  of,  771 

amyloid,  765 

atrophic  cirrhosis  of,  774 

atrophy  of,  763 

biliary  cirrhosis  of,  774 

chronic  congestion  of,  760 

cirrhosis  of,  773 

cirrhosis  anthracotica  of,  776 

coagulation  necrosis  of,  769 

contracted,  774 

cysts  of,  783 

detoxicating  action,  39,  758 
emphysematous,  759 
fatty  cirrhosis  of,  777 
fatty  infiltration  of,  764 
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Liver,  fibroid,  774 
floating,  759 
foam,  759 

focal  necrosis  of,  769 

functions  of,  758 

gin  drinker’s,  774 

granular,  774 

hob-nail,  774 

hyperemia  of,  760 

hypertrophic  biliary  cirrhosis,  778 

hypertrophy  of,  762 

infarction  of,  762 

infiltrations  of,  764 

inflammation  of,  770 

Laennec’s  cirrhosis  of,  774 

lardaceous  disease  of,  765 

leprosy  of,  782 

malarial,  766 

malformations  of,  760 

malposition  of,  759 

metastatic  abscess  of,  770 

nutmeg,  761 

obstructive  biliary  cirrhosis  of,  777 
parenchymatous  degeneration  of, 
767 

pigmentary  infiltration  of,  766 
polylobulated,  of  congenital  syph- 
ilis, 779 

postmortem  examination  of,  1027 
pseudocirrhosis  of,  779 
pyemic  abscesses  of,  770 
red  atrophy  of,  761 
slate  colored,  766 
syphilis  of,  779 
traumatic  abscess  of,  771 
tropic  abscess  of,  771 
tuberculosis  of,  780 
tumors  of,  782 
venous  cirrhosis  of,  774 
Lividity,  cadaveric,  10 r 6 
Livores  mortis,  1016 
Locomotor  ataxia,  927 
Loffler’s  alkaline  methylene-blue  solu- 
tion, 1068 

blood-serum  mixture,  1055 
method  of  flagella  staining,  1070 
Ludwig’s  angina,  691,  824 
Lung,  587 

abscess  of,  601 
actinomycosis  of,  634 
acute  miliary  tuberculosis  of,  628 
. atelectasis  of,  594 

brown  induration  of,  548 

carcinoma  of,  635 

caseous  tuberculosis  of,  629 

circumscribed  gangrene  of,  603 

cirrhosis  of,  621 

collapse  of,  594 

congestion  of,  588 

edema  of,  589 

emphysema  of,  595 

fibroid,  63  r 

gangrene  of,  602 

glanders  of,  634 

hernias  of,  587 

hydatids  in,  637 
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Lung,  hyperemia  of,  588 

hypostatic  congestion  of,  588 
infarction  of,  591 

inflammations  of,  604.  See  Pneu- 
monia. 

latent  gangrene  of,  603 
leprosy  of,  633 
malformation  of,  588 
malposition  of,  587 
parasites  in,  637 

postmortem  examination  of,  1023 

sclerosis  of,  62 1 

syphilis  of,  633 

tuberculosis  of,  623 

tumors  of,  634 

ulcerative  tuberculosis  of,  629 
white  hepatization  of,  6i? 

Lupus,  132 

exedens,  132,  326 
nonexedens,  132 
Lutein,  226 

Luxation  of  joints,  861 
Lymphadenia,  444 
Lymphadenitis,  440 
chronica,  442 
syphilitic,  442 
tuberculous,  442 
Lymphadenoma,  444 
Lymphangiectases  of  tongue,  697 
Lymphangioma,  342 
Lymphangitis,  542 
acute,  542 
acute  reticular,  542 
acute  suppurative,  542 
acute  tubular,  543 
chronic,  542 

peribronchial  suppurative,  584 
Lymphatics,  extension  of  infection  by,  52 
Lymphatism,  450 
Lymphemia,  422 
Lymph-nodes,  439 

colloid  change  in,  440 
hyaline  degeneration  of,  440 
infections  of,  440 
lardaceous  disease  of,  440 
pigmentary  infiltration  of,  440 
tumors  of,  448 

Lymphocytes,  ameboid  movement  of,  404 
granules  in,  405 
reproduction  of,  404 
Lymphocythemia,  422 
Lymphoma,  343 
malignant,  444 
Lymphoprotease,  287 
Lvmphorrhagia,  258 
Lymphorrhea,  258 
Lymphosarcoma,  444,  444 
Lymph-scrotum,  199 
Lymph-stream,  infection  by,  52 
Lymph-vessels,  541 

inflammation  of,  542 
malformations  of,  541 
obstruction  of,  541 
tuberculosis  of,  543 
tumors  of,  342 
Lysis,  3 73 


MacConkey’s  bile-salt-agar,  1051 
Macroblasts,  401 
Macrocheilia,  342,  686 
Macrocytes,  399 
Macrocythemia,  399 
Macrocytosis,  399 
Macrogamete,  169 
Macrogametocyte,  169 
Macroglossia,  342,  686 

neurofibromatosa,  686 
Macrophagocyte,  282 
Macrosomia,  12 
Macrostoma,  686 
Maculae  albidas,  454 
Maggots,  202 

Malachite-green  media,  1059 
Malacosteon,  845 
Malaria,  liver  in,  746 
parasites  of,  17 1 
Mai  de  Caderas,  168 
Malformation,  9 

embryologic  theorv  of,  10 

nosologic  or  pathologic  theory  of,  10 

of  bladder,  644 

of  bone,  836 

of  heart,  484 

of  joints,  861 

of  lung,  587 

of  muscle,  819 

of  pancreas,  789 

of  spleen,  428 

of  stomach,  708 

of  thyroid,  799 

Malformations,  classification  of,  10 
of  bladder,  644 
of  brain,  879 
of  bronchi,  581 
of  esoohagus,  702 
of  Fallopian  tubes,  966 
of  intestine,  729 
of  kidney,  640 
of  larynx,  573 
of  liver,  760 
of  lymph-vessels,  541 
of  mouth,  685 
of  nose,  569 
of  penis,  952 
of  prostate,  948 
of  spinal  cord,  879 
of  testicle,  939 
of  ureter,  644 
of  urethra,  644 
of  uterus,  971 
Malignancy,  latent,  345 
Mallein.  139 

Mallet  for  postmortem  case,  1028 
Malposition,  7 
acquired,  7 
congenital,  7 
of  Fallopian  tubes,  966 
of  heart,  482 
of  intestine,  727 
of  joints,  86  r 
of  kidney,  640 
of  liver,  759 
of  lungs,  587 
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Malposition,  of  pancreas,  789 
of  serous  membranes,  454 
of  stomach,  708 
of  testicle,  939 
of  thyroid,  799 
of  uterus,  971 
Malta  fever,  88 
Mammitis,  998 

Mammals,  tubercle  bacillus  of,  117 
Mammary  gland,  996 
actinomycosis,  1002 
adenoma  of,  1003 
atrophy  of,  997 
carcinoma  of,  1003 
cysts  of,  1009 
hemorrhage  in,  997 
hypertrophy  of,  997 
hypoplasia  of,  997 
inflammations  of,  997 
malformations  of,  996 
malpositions  of,  996 
papillary  cystadenoma  of,  1000 
papillomata  of,  1002 
sarcoma  of,  1009 
sclerosis  of,  999 
syphilis  of,  1002 
tuberculosis  of,  1000 
tumors  of,  1002 
Marchi’s  method,  892 
Marrow,  adenoid,  423 
lymphoid,  423 
normal,  834 
pvoid,  423 

Mast  cells,  stain  for.  in  blood,  382 
Mastigophora,  flagellated,  167 
Mastitis,  998 
acute,  998 
chronic,  999 

cystic,  999 
suppurative,  1000 
diffuse,  999 
nodular,  999 
puerperal,  999 
suppurative,  999 
Mayer’s  albumin,  1044 
carmalum,  1049 

McCrorie’s  method  of  staining  for  fla- 
gella, 1070 
Meat  poisoning,  94 
Meckel’s  diverticulum,  730 
Mediastinopericarditis,  474 
Medulla  oblongata,  872 
Megacolon,  732 
Megaloblasts,  401 
Megalocytes.  399 
Megalogastria,  709 
Megastria,  709 
Melanin,  225 
Melanoblasts,  352 
Melanomata,  353 
Melanosarcoma,  352 
Melanosis  of  carcinoma,  332 
of  sarcoma,  352 
Melanuria,  225 
Membrane,  prophylactic,  470 
pyogenic,  469 


Membranes  of  nervous  system,  871,  886 
Meninges,  871,  886 

postmortem  examination  of,  1030 
syphilis  of,  894 
tuberculosis  of,  893 
Meningismus,  893 
Meningitis,  890 

cerebrospinal,  895 
chronic  alcoholic,  894 
circumscribed  serous,  892 
en  plaque,  893 
fibrinous,  890 
incidental,  890 
morbid  anatomy  of,  891 
posterior  basic,  890 
productive,  890 
suppurative,  890 
traumatic,  890 
tuberculous,  893 
Meningocele,  881,  884 
Meningococcus,  82 
Meningo-encephalitis,  91 1 
Menorrhagia,  257,  975 
Merorrachischisis,  881 
Merozoites,  169 
Merycism,  724 
Mesarteritis,  523 
Mesentery,  thrombosis  of,  737 
Mesonephron,  643 
Metamorphoses,  231 
Metamorphosis,  colloid,  236 
fatty,  232 
hyaline,  237 
hydropic,  235 
keratoid,  238 
myxomatous,  236 
parenchymatous,  231 
Metaplasia,  209 

Metastasis  by  lymph-stream,  308 
by  the  lacteals,  308 
of  thyroid,  808 
of  tumors,  308 
Metasyphilis,  164 
Methyl  violet,  1051 

Methylene-blue,  Loffler’s  alkaline,  1068 
Metritis,  978 

chronic,  978 
putrid,  977 
septic,  977 

Metrorrhagia,  257,  975 
Microblasts,  401 
Microcephaly,  885 
Micrococci,  77 

Micrococcus  cereus  albus,  85 
cereus  flavus,  85 
melitensis,  87 
pyogenes  albus,  85 
pyogenes  aureus,  84 
pyogenes  citreus,  85 
tetragenus,  88 
Microcytes,  399 
.Microcythemia,  399 
Microcytosis,  399 
Microgamete,  169 
Microgametocyte,  169 
Microgastria,  708 
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Microgyria,  886 
Micromyelia,  883 
Micron,  41 
Microphagocyte,  282 
Microscope,  laboratory,  1052 
Microsomia,  12 
Microsporon  Audouini,  143 
furfur,  143 
minutissimum,  143 
Microstoma,  686 
Microthelia,  hypoplastic,  996 
Microtomes,  1045 
Migration  of  leukocytes,  282 
Mikulicz  cell,  137 
Milk  as  a culture-medium,  1056 

coagulation  of,  by  bacteria,  1056 
Milk-leg,  87 
Milzbrand,  94 
Miracidium,  178 
Mite,  harvest,  212 
Mitosis,  295 
Mollities  ossium,  845 
Molluscum  fibrosum,  338 
Monarthritis,  862 
Monilia  conidia,  144 
Monococci,  77 
Mononucleosis,  285 
Monorchism,  939 
Monothermia,  367 
Monsters,  16 
Morbid  anatomy,  4 
histology,  4 
physiology,  4 
Morbus  anglicus,  858 
coeruleus,  487 

maculosus  neonatorum,  254 
virgineus,  414 
Mordant,  1070 
Mortification,  246 
Mosquitoes,  202 

Anopheles,  202 
Stegomyia,  202 
Mother’s  mark,  341 
Mother-skein,  295 
Mounting  of  sections,  1043 
Mouth,  687 

diffuse  suppuration  of  floor  of,  691 
gumma  of,  690 
infection  through,  51 
inflammation  of,  686 
malformations  of,  685 
putrid  sore,  687 
syphilis  of,  689 
tumors  of,  697 

Mucosae,  diseases  of,  545.  See  also 
Mucous  Membranes. 

Mucous  membranes,  545 

actinomycosis  of,  567 
anthracosis  of,  547 
atrophy  of,.  547' 
calcareous  infiltration  of,  549 
congestion  of,  546 
degenerations  of,  549 
glanders  of,  567 
hemorrhage  from,  547 
hyperemia  of,  546 


Mucous  membranes,  hypertrophy  of, 
infiltrations  of,  547 
inflammations  of,  551 
leprosy  of,  567 
necrosis  of,  561 
pigmentation  of,  547 
rhinoscleroma  of,  568 
syphilis  of,  567 
thrush  of,  568 
tuberculosis  of,  565 
tumors  of,  568 
Mucous  patch,  162 
Muguet,  144 
Muller’s  fluid,  1037 
Mumps,  698 
Murmurs,  515 
Muscle,  abscess  of,  825 
atrophy  of,  879 
degeneration  of,  823 
gumma  of,  830 
hematoma  of,  822 
hemorrhage  into,  822 
hypertrophy  of,  821 
infiltration  of,  823 
inflammation  of,  823 
malformation  of,  819 
parasites  of,  830 
syphilis  of,  830 
tuberculosis  of,  829 
tumors  of,  830 
vacuolization  of  fibers,  823 
Mycelium,  14 1 
Mycetoma,  149 
Mycoderma  aceti,  46 
Mycoses  of  blood,  424 
Mycosis,  268 

intestinalis,  94 
Myelemia,  421 
Myelin,  876 
Myelitis,  921 

central,  922 
diffuse,  922 
disseminated,  922 
focal,  922 
polio-,  922 
transverse,  922 
Myelocystocele,  882 
Myelocystomeningocele,  882 
Myelocythemia,  421 
Myeloma,  861 
Myelomatosis,  861 
Myelomeningocele,  881 
Myelotome,  1032 
Myiasis,  202 

Myocardial  fragmentation,  493 
Myocarditis,  493 

acute  nonsuppurative,  493 
acute  parenchymatous,  493 
acute  suppurative,  494 
chronic  interstitial,  495 
circumscribed  elastic,  497 
circumscribed  fibrous,  497 
diffuse  elastic,  499 
diffuse  interstitial,  497 
local  elastic,  499 
local  fibrous,  497 
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Myocarditis,  parenchymatous,  493 
productive,  495 
sclerotic,  495 
segmentary,  493 
simple,  498 

Myocardium,  degeneration  of,  490 
fibrous  degeneration  of,  495 
fibrous  infiltration  of,  493  ~ 
fibrous  transformation  of,  495 
foreign  bodies  in,  503 
infiltrations  of,  488 
inflammations  of,  493 
postmortem  changes  in,  493 
syphilis  of,  501 
wounds  of,  503 
Myoma,  339 

lsevicellulare,  339 
of  stomach,  727 
of  uterus,  982 
red  degeneration  of,  983 
striocellulare,  339 
Myomalacia  cordis,  501 
Myopathy,  primary,  819 
Myosalpingitis,  hypertrophic,  968 
Myosarcoma,  356 
Myosclerosis,  820 
Myositis,  823 
acute,  823 

acute  diffuse  suppurative  intersti- 
tial, 824 

acute  nonsuppurative,  823 
acute  suppurative,  823 
chronic  interstitial  826 
fibrous,  826 
hemorrhagic,  823 
infectiosa,  824 
ossifying,  827 
parasitic,  825 
sclerosing,  826 
simple,  823 
suppurative,  823 

tuberculous  interstitial  fibroid,  829 
with  contraction,  826 
Myotonia,  atrophica,  821 
congenital,  821 
Myxedema,  237,  801 
congenital,  801 
post-operative,  802 
Myxofibroma,  337 
Myxolipomata,  334 
Myxoma,  343 
Myxoneuromata,  937 

Myxoneurosis  intestinalis  membranacea, 
743 

Myxosarcoma,  356 


Nagana,  168 

Nanism,  212 
Nanosoma,  212 
Nanosomia,  212 
Naple’s  paraffin  bath,  1043 
Nasal  mucosa,  erectile  tumors  of,  572 
actinomycosis  of,  571 
glanders  of,  571 
inflammation  of,  570 


Nasal  mucosa,  leprosy  of,  571 
papillomata  of,  571 
rhinoscleroma  of,  571 
syphilis  of,  571 
tuberculosis  of,  571 
tumors  of,  571 
Neck,  congenital  wry,  823 
cysts  of,  686 
emphysema  of,  573 
phlegmon  of,  691 
woody  phlegmon  of,  691 
Necrobiosis,  231 
Necrosis,  241 
cheesy,  246 
coagulation,  243 
colliquative,  242 
direct,  241 
fat,  245 

focal,  of  liver,  769 
indirect,  241 
liquefaction,  242 
marasmic,  241 
neuropathic,  241 
of  bone,  848 
results  of,  242 
senile,  241 

Needles  for  handling  sections,  1047 
platinum  inoculating,  1065 
Negri  bodies,  900 

Neisser’s  method  of  staining  spores,  1070 
stain  for  Bacillus  diphtherias,  89 
Nematodes,  189  . 

Neoplasms,  303 
benign,  310 
causes  of,  305 
classification  of,  310 
connective-tissue,  333 
epithelial,  Jii 
growth  of,  308 
malignant,  310 
parasitic  influence  in,  306 
retroperitoneal,  479 
Nephrectasis,  677 
Nephritis,  651 

acute  catarrhal,  655,  658 
acute  nonsuppurative  interstitial, 
655 

degenerative,  655 
desquamating,  655,  658 
diffuse,  655,  657 
nonsuppurative  interstitial,  657 
parenchymatous,  655,  657 
suppurative,  652 
interstitial,  632 
tubular,  655 
chronic  catarrhal,  660 

desquamative,  660  . 
diffuse,  659 
epithelial,  660 
hemorrhagic,  661 
parenchymatous,  659 
tubular,  660 
diffuse,  652 

diffuse  suppurative,  655 
exudative,  651 
fibrinous,  655 
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Nephritis,  focal  suppurative,  652 
glomerular,  658 
interstitial,  652,  663 
parenchymatous,  652 
post-diphtherial,  655 
post-scarlatinal,  655 
productive,  651,  663 
variolous,  655 
Nephrolithiasis,  671 
Nephrolysins,  34,  656 
Nephroptosis  (ren  rnobilis),  643 
Nephrosis,  656 
Nerve-cells,  873 

degeneration  of,  method  of  dem- 
onstrating, 892 
postmortem  changes  in,  900 
proce'sses  of,  873 
of  first  type,  873 
of  second  type,  873 
tigroid  substance  of,  874 
Nerve-fibers,  secondary  degeneration 
of,  900 

Nerves,  872,  878,  931 

circulatory  disturbances  in,  93 1 
degeneration  of,  93 1 
hemorrhage  into,  931 
infiltration  of,  93 1 
inflammation  of,  932 
inhibitory,  368 
regeneration  of,  936 
thermogenic,  368 
thermolytic,  368 
thermo-inhibitory,  368 
tumors  of,  936 
Nervous  system,  871 

ganglion  cells  of,  837 
histology  of,  873 
inflammation  of,  907 
sclerosis  of,  914 
syphilis  of,  912 
tuberculosis  of,  913 
tumors  of,  916 
Neuritis,  932 

alcoholic  multiple,  934 
ascending,  933 
descending,  933 
interstitial,  932 
leprous,  933 
parenchymatous,  932 
refrigeration,  933 
Neurofibrils,  875 
changes  in,  899 
Neurofibroma,  338 
Neurofibromatosis,  338 
Neuroglia,  877 

Neuroglioma,  ganglionic,  918 
Neurolysin,  34 
Neuroma,  315 

amputation,  937 
amyelinic,  316 
cirsoid,  3 1 3 
false,  315 
ganglionic,  316 
myelinic,  316 
plexiform,  315 
racemose,  315 


Neuroma,  varieties  of,  315 
Neuron,  873 
Neuronophagia,  900 
Nevus,  341 
Nigrities  linguae,  691 
Nipple,  inflammation  of,  997 
Nipples,  supernumerary,  996 
Nissl,  bodies  of,  874 
Noli  me  tangere,  326 
Noma,  248,  688,  993 
Normal,  the,  7 
Normoblasts,  401 
Nose,  569  * 

hemorrhage  from,  569 
inflammations  of,  570 
malformations  of,  569 
tumors  of,  571 
Nosology,  4,  19 

Novy’s  apparatus  for  anaerobic  cultures, 
1072 


Obesity,  218 

Obstruction,  esophageal,  704 
intestinal,  735 
of  bile-ducts,  786 
of  lymph-vessels,  541 
pyloric,  721 

Occlusion  of  vessels  of  brain,  905 
Occupation,  23 
Ochronosis,  225 
Odontoma,  698 
Oidiomycosis,  150 
Oidium  albicans,  143 
Oligochromemia,  404 
Oligocythemia,  402 
Oocyst,  169 
Ookinet,  169 
Oophoritis,  957 
chronic,  958 
hemorrhagic,  958 
Opisthorcis  felineus,  178 
noverca,  178 
sinensis,  178 
Opsonins,  60 

Orbit,  postmortem  examination  of,  1030 
Orchitis,  942 

chronic,  942 
gummatous,  943 
Organisms  of  suppuration,  287 
Organization  of  thrombus,  270 
Organizing  pneumonia,  6x2 
Orifices,  cardiac,  diameters  of,  482 
Orth’s  fluid,  1037 
Osseous  resorption,  835 
Ossification  of  blood-vessels,  533 
Osteitis,  846 

chronic  productive,  850 
condensing,  850 
deformans,  851 
rarefying,  851 
Osteo-arthritis,  865 

Osteo-arthropathy,  pulmonary  hyper- 
trophic, 842 
Osteoblasts,  836 

Osteochondritis,  syphilitic,  159,  834 
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Osteogenesis  imperfecta,  838 
Osteoma,  335 

cancellous,  336 
compact,  336 
eburnated,  336 
spongy,  336  ' 

Osteomalacia,  845 
Osteomata  of  brain,  918 
of  muscle,  830 
of  thyroid,  808 
Osteomyelitis,  846 

acute  tuberculous,  852 
blastoinycetic,  15 1 
Osteophytes,  843 
Osteoporosis,  844 
Osteopsathyrosis,  idiopathic,  838 
Osteosarcoma,  356 
Osteosclerosis,  850 
Ostitis,  846 

Otitis  media  due  to  pneumococcus,  613 
Ovary,  955 

actinomycosis  of,  959 
adenoma  of,  961 
atrophy  of,  956 
cancer  of,  965 
concretions  of,  957 
congestion  of,  957 
cystadenoma  of,  961 
cysts  of,  960 
hematoma  of,  957 
hemorrhage  into,  957 
hyperemia  of,  957 
hypertrophy  of,  957 
inflammation  of,  957 
internal  secretion  of,  955 
malformations  of,  956 
malpositions  of,  956 
papilliferous  cyst  of,  964 
struma  of,  965 
syphilis  of,  960 
tumors  of,  960 
Oxybutyric  acid,  40 
Oxyuris  vermicularis,  190 
Ozena,  571 


Pacchionian  bodies,  872 
Pachyacria,  874 
Pachyderma  laryngis,  574 
Pachydermatocele,  338 
Pachymeningitis,  888 
Palate  cleft,  674 
Panarthritis,  862 
Pancreas,  789 

annular,  789 

atrophy  of,  791 

calcareous  infiltration  of,  791 

calculi  of,  796 

cloudy  swelling  of,  791 

congenital  cystic  disease  of,  797 

congestion  of,  790 

cysts  of,  797 

divisum,  789 

fatty  infiltration  of,  790 

fibrosis  of,  794 

gangrene  of,  792 


Pancreas,  hemorrhage  into,  790 

hyaline  transformation  of,  791 
hyperemia  of,  790 
in  diabetes,  795 
inflammation  of,  791 
malformations  of,  789 
malposition  of,  789 
postmortem  changes  in,  789 
postmortem  examination  of,  1027 
sclerosis  of,  794 
syphilis  of,  796 
tuberculosis  of,  796 
tumors  of,  796 
Pancreatitis,  791 

acute  hemorrhagic,  791 
suppurative,  793 
chronic,  794 
gangrenous,  792 
indurative,  794 
Papilloma,  31 1 

Pappenheim’s  stain  for  tubercle  bacil- 
lus, 1 19 

Paraffin,  infiltration  of  tissue  with,  1040 
Paragonimus  westermanii,  178 
Paralysis,  acute  ascending,  923 
acute  bulbar,  909 
glossolabiolaryngeal,  926 
infantile,  925 
Landry’s,  923 

muscular,  pseudohypertrophic,  820 
progressive  bulbar,  926 
Paranephrosis,  645 
Paraphimosis,  952 
Paraplegia,  ataxic,  929 
primary  spastic,  929 
Parasite,  17 
Parasites,  animal,  165 
of  malaria,  17 1 
Parasynovitis,  862 
Parasyphilis,  164 
Parathyroidectomy,  809 
tetany  from,  809 
Parathyroids,  808 
goiter  of,  8x0 
hemorrhage  in,  810 
tumors  of,  810 
Paratyphoid  bacillus,  7 so 
fever,  749 
Paresis,  91 1 
Parosmia,  573 
Parotid  bubo,  699 

gland,  postmortem  examination  of, 
1033 

Parotitis,  698 
Paroxysm,  malarial,  176 
Passages,  biliary,  784 
Patches,  mucous,  162 
opaline,  162 
Pathogenesis,  2 1 
Pathologic  research,  4 
Pathology,  3 1 

comparative,  5 
general,  7 
of  blood,  397 
of  infection,  71 
special,  7,  379 
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Paths  of  infection  in  tuberculosis,  123 
Pearl  epithelioma,  321 
Pediculus  capitis,  201 

corporis  humanus,  202 
inguinalis,  202 
ordinarius,  201 
pubis,  202 
vestimenti,  202 
Pemphigus,  esophageal,  703 
Penis,  952 

carcinoma  of,  955 
fracture  of,  954 
inflammations  of,  953 
malformations  of,  952 
tuberculosis  of,  954 
tumors  of,  955 

Pentastoma  denticulatum,  201 
Periadenitis  chronica,  442 
Periappendicitis,  740 
Periarteritis,  528 
nodosa,  528 
simplex,  528 

Peribronchitis,  actinomycotic,  584 
chronic  caseous,  584 
chronica,  583 
syphilitic,  584 

Pericardiomediastinitis,  474 
Pericardiomyocarditis,  462 
Pericarditis,  455 
externa,  474 
interna,  474 
petrificans,  467 
suppurative,  470 
Pericardium,  adhesions  of,  466 
degenerations  of,  455 
infiltrations  of,  455 
inflammations  of,  455 
malformation  of,  454 
postmortem  examination  of,  1020 
tendinous  patches  in,  454 
Pericholangitis,  786 
Pericholecystitis,  786 
Perichondritis,  577 
Pericystitis,  682 
Peridiverticulitis,  731 
Perigastritis,  7x3,  717 
Perihepatitis,  779 
Perilymphangitis,  543 
Perinephritis,  645 
sclerosing,  645 
Perineurium,  871 
Periosteum,  839 

hemorrhage  under,  839 
inflammation  of,  839.  See  Perios- 
titis. 

Periostitis,  839 

acute  simple,  839 
acute  suppurative,  840 
albuminosa,  841 
chronic  productive,  841 
Periostitis,  fibrous,  840 
hemorrhagic,  840 
ossifying,  841 
osteoplastic,  841 
Periostoses,  843 
Perirenal  fat,  atrophy  of,  642 


Perisalpingitis,  968 
Perisplenitis,  432 
Peritendinitis,  831 
Perithelioma,  355 
Peritonitis,  455 

perigastric,  717 
zymotic,  478 
Peritonsillitis,  693 
Perityphlitis  actinomycotica,  7^1 
Periureteritis,  671 
Pernicious  anemia,  416 
Persistence  of  thymus  gland,  449 
Pest,  99 
Petechiae,  257 
Petri  dish  plates,  1064 
Petrifaction,  227 
Petrunkevitch’s  solution,  1039 
Pfeiffer’s  phenomenon,  67 
Phagocytes,  59 
Phagocytosis,  59,  286 
Phagolysis,  61 
Pharyngitis,  694 
Pharyngoceles,  705 
Pharyngomycosis  leptothrica,  695 
Pharynx,  inflammation  of,  694 
syphilis  of,  695 
tuberculosis  of,  695 
tumors  of,  697 
Philocytase,  64 
Phimosis,  952 
Phlebectasia,  540 
Phlebitis,  538 

chronic,  539 
infectious,  538 
migrating,  539 
noninfective,  539 
recurrent,  539 
suppurative,  539 
Phleboliths,  270 
Phlebosclerosis,  539 
Phlegmon,  woody,  of  neck,  691 
Phocomelus,  14 
Photogenesis,  45 
Phthirius  inguinalis,  202 
pubis,  202 

Phthisis,  fibroid,  63  1 
lithogenous,  587 
nailer’s,  547 
tuberculous,  623 
Physiology,  morbid,  4 
Phytotoxins,  30 
Pia-arachnoid,  889 

inflammation  of,  890 
circulatory  disturbances  of,  889 
cysts  of,  896 
endothelioma  of,  896 
passive  hyperemia  of,  889 
tumors  of,  896 
Pia  mater,  871 

inflammation  of,  889 
Pigeon-breast,  859 
Pigmentation,  222 
bacterial,  226 

medicametal,  of  mucosae,  548 
of  adrenals,  81 1 
of  carcinoma,  320. 
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Pigmentation,  of  sarcoma,  352 
of  tumors,  309 

Pigments,  autochthonous,  223 
blood,  224 

demonstration  of,  226 
external,  223 
extraneous,  223 
hematogenous,  224 
Piles,  755 

Pineal  gland,  diseases  of,  919 
Piroplasma  bigeminum,  34 
Pitfield’s  method  of  staining  flagella, 
1070 

Pitres-Nothnagel  method  of  examining 
brain,  1032 

Pituitary  body,  813.  See  Hypophysis. 
Plague,  99 

bacillus  of,  99 
bubonic,  99 
oriental,  99 
pneumonic,  102 
septicemic,  102 
Plasma  cell,  298 
Plasmodium  malariae,  171,  174 
life  cycle  of,  173 
praecox,  175 
table  of,  175 
vivax,  172 
Plasmolysis,  402 
Plasmorrhexis,  402 
Plates,  Esmarch’s  tube,  1064 
Petri  dish,  1064 
Plating  by  Blake  bottle,  1064 
Platino-aceto-osmic-acid  mixture,  1039 
Platinum  inoculating  needles,  1065 
Plethora,  253 

corpuscular,  402 
general,  253 
hydremic,  253,  398 
lymphatic,  253 
vascular,  233 
vera,  253 

Pleura,  diseases  of,-  451.  See  Serous 
Membranes. 

Pleurae,  postmortem  examination  of, 
1020 

Pleuritis,  455 

petrificans,  467 

Pleurogenous  interstitial  pneumonia,  621 
Pleuropneumonia,  605 
Pneumo-aspergillosis,  14 1 
Pneumococcus,  80 
Pneumonia,  604 
broncho-,  614 
catarrhal,  550,  6x4 
central,  604 
chronic,  612 
chronic  interstitial,  618 
croupous,  604 

complications  of,  612 
engorgement  in,  608 
gray  hepatization,  610 
meningitis  in,  613 
monarticular  joint  inflamma- 
tion in,  6x3 

morbid  histology  of,  609 


Pneumonia,  nephritis  in,  614 
pericarditis  in,  612 
pleurisy  in,  610 
red  hepatization,  608 
suppurative  parotitis  in,  614 
terminations  of,  612 
diplococcus  of,  80 
fibrinous,  604 
fibroid,  618 
hypostatic,  589 
interstitial,  6x8 
lobar,  604 
lobular,  614 

lymphogenous  interstitial,  462 
migratory,  607 
organizing,  612 
pleurogenous  interstitial,  621 
suppurative,  599 
tuberculous,  626 
unresolved,  612 
Pneumonitis,  604 
Pneumonoconiosis,  223,  547 
Pneumopericardium,  478 
zymotic,  478 
Pneumothorax,  478 
zymotic,  478 
Poikiloblasts,  401 
Poikilocytes,  400 
Poikilocytosis,  400 
Poisoning,  acute,  30 
chronic,  30 
Poisons,  30 

animal,  30 

as  causes  of  disease,  30 
classified,  32 
corrosive,  30 
elective  action  of,  33 
endogenous  disintegrative,  31 
exogenous,  30 
exotic,  32 
extrinsic,  30 
histogenic,  3 1 
indigenous,  32 
irritant,  30 
mineral,  30 
neurotic,  30 
parasitic,  32 
vegetable,  30 
Polio-encephalitis,  909 
Polio-encephalomyelitis,  909 
Poliomyelitis,  879,  922 
acute,  924 

ascending,  924 
chronic  anterior,  925 
Polyarthritis,  862 
Polyblasts,  296 

Polychrome,  methylene-blue,  1031 
Polycythemia,  402 

with  chronic  cyanosis  and  en- 
larged spleen,  403 
Polydactylia,  14 
Polyemia,  253 
Polyglobuly,  402 
Polymastia,  996 
Polymorphonucleosis,  286 
Polymyositis,  acute,  825 
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Polyneuritis,  932 
Polyorchism,  939 
Polyorrhomenitis,  455 
Polypi,  cardiac,  265 
fibromatous,  265 
fibrous,  of  larynx,  580 
mucous,  of  stomach,  724 
myxomatous,  265 
nasal,  572 
telangiectatic,  572 
Polyserositis,  455 
Pons  varolii,  872 
Porencephalia,  883 
Pork,  measley,  365 
Portal  vein,  thrombosis  of,  761 
Port- wine,  marks,  341 
Postmortem  examinations,  1013 
bacteriologic  methods,  1035 
blank,  1015 

description  of,  1015,  1036 
examination,  1013 

of  abdominal  cavity,  10x9 
of  pericardium,  1020 
of  serous  cavities,  453 
of  thoracic  cavity,  1019 
instruments  for,  1013 
preliminary  data  for,  1015 
room,  1014 
table,  1014 

Potato  culture-medium,  preparation  of. 

1056 

Pott’s  disease,  853,  867 
Precancerous  manifestations,  319 
Precipitins,  68 
Precocity,  207 
Pregnancy,  toxemia  of,  38 
Preparator,  64 
Preservation  of  tissues,  1037 
of  urine,  1087 
Probes,  1027 
Proctitis,  738 
Prodromal  stage,  72 
Proglottides  of  cestodes,  18  r 
Prolapse  of  uterus,  971 
Propagation  of  bacteria  by  fission,  42 
Prostate,  abscess  of,  951 
atrophy  of,  948 
corpora  amylacea  of,  950 
hypertrophy  of,  948 
inflammation  of,  950 
malformations  of,  948 
tuberculosis  of,  951 
tumors  of,  952 
Prostatitis,  950 

acute  catarrhal,  950 
chronic,  951 
edematous,  951 
suppurative,  951 
Protozoa,  165 
Psammoma,  355 
Pseudoarthrosis,  858 
Pseudocirrhosis,  of  liver,  779 
Pseudohermaphrodismus,  13 
Pseudohypertrophic  muscular  paral- 
ysis, 218,  820 
Pseudohypertrophy,  207 


Pseudoleukemia,  424,  444 
Pseudomelanosis,  223,  759 
Pseudoneuromata,  937 
Pseudopodia,  166 
Pseudoporencephalia,  883 
Pseudotuberculosis,  132 
Ptomains,  47 
Ptyalism,  700 

Pudendum,  atrophy  of,  991 
Pyelitis,  670 
Pyelonephritis,  653 
Pyemia,  268,  373 
Pygopagus,  1 7 

Pylorus,  congenital  hypertrophic  steno- 
sis of,  708 
obstruction  of,  721 
stenosis  of,  721 
Pyocyanin,  106 
Pyocyanolysin,  106 
Pyofluorescin,  106 
Pyogenic  membrane,  469 
Pyonephrosis,  670 
Pyopericardium,  469 
Pyoperitoneum,  468 
Pyorrhea  alveolaris,  690 
Pyosalpinx,  969 

tuberculous,  970 
Pyothorax,  468 
Pyoxanthose,  106 
Pyrexia,  369 

beneficence  of,  375 
paradoxic,  374 
Pulex  canis,  202 
felis,  202 
hominis,  202 
irritans,  202 

minimus  cutem  penetrans,  202 
penetrans,  202 
serraticeps,  202 
Purkinje,  cells  of,  878 
Purpura  rheumatica,  254 
Pus,  289 

Pustule,  malignant,  94 
Putrefaction,  1016 


Quartan  parasite,  174 
Quarter  evil,  97 
Quinsy,  693 


Rabies,  900 

Race,  as  cause  of  disease,  2 1 
Rachischisis,  880 
partialis,  881 
totalis,  880 
Rachitis,  858 
Rachitismus,  858 
Radiculitis,  936 
Radium,  27 
Ranula,  701 

pancreatic,  797 
retromaxillaris,  701 
sublingualis,  701 
submaxillaris,  701 
Ranvier,  nodes  of,  879 
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Rauschbrand,  97 
Raynaud’s  disease,  249 
Receptaculum  chyli,  postmortem  ex- 
amination of,  1028 
Receptor,  61 
Rectocele,  987 

Reeves’  method  of  rapid  infiltration, 
1042 

Regeneration,  301 
of  bone,  850 
of  nerves,  936 
Relapsing  fever,  154 
Repair,  294 

giant  cell  of,  298 
Repletio,  253 

Reproduction  of  bacteria,  42 
multiplicative,  169 
propagative,  169 
Reproductive  organs,  939 
Reserve  force  of  organs,  206 
Resorption  of  bone,  835 
Respiration,  organs  of,  569 
Retentio  testis,  940 
Rhabdomyoma,  340 
Rhinitis,  570 

acute  catarrhal,  570 
atrophic,  571 
caseous,  571 
chronic  catarrhal,  570 
fibrinous,  570 
hypertrophic,  571 
pseudomembranous,  570 
purulent,  571. 
scrofulous,  571 
tuberculous,  571 
Rhinoliths,  572 
Rhinorrhea,  573 
Rhinoscleroma,  137 
of  larynx,  577 
of  nasal  mucosa,  571 
Rhizopoda,  165 
Ricin,  244 
Rickets,  858 
Riga’s  disease,  691 
Rigor  mortis,  1016 
Rigors,  373 
Rodent  ulcer,  326 
Rostellum,  187 
Rouleaux,  282 
Rumination,  724 
Rupture,  728 

of  heart,  503 
of  spleen,  435 

spontaneous,  of  esophagus,  705 
Russell- Brodie  coagulometer,  396 


Sac  of  hernia,  728 
Saccharomyces  albicans,  144 
cerevisag,  150 
hominis,  150 
Saccharomycetes,  150 
Saccharomycosis,  150 
Sacculation,  congenital,  of  veins,  538 
Sactosalpinx,  966 
Safranin,  1051 


Salivary  glands,  698 

hypersecretion  of,  700 
postmortem  examination  of, 
i°33 

tuberculosis  of,  701 
tumors  of,  701 
Salpingitis,  966 

acute  tuberculous,  969 
catarrhal,  968 
gonorrheal,  968 
suppurative,  968 
Salpingomyelus,  882 
Sand,  biliary,  788 
intestinal,  755 
vesical,  682 
Sapremia,  370 
Saprophytes,  43 
Sarcinae,  77 
Sarcoma,  344 

alveolar,  351 
angiolithic,  355 
chondroid,  356 
clinical  characters  of,  344 
deciduo-cellulare,  361 
diagnostic  features  of,  358 
encephaloid,  348 
fasiculated,  349 
giant-cell,  351 
large  round-cell,  348 
spindle-cell,  351 
latent  malignancy  of,  345 
medullary,  348 
melanotic,  352 
mixed-cell,  351 
myeloid,  351 
oat-cell,  349 
of  adrenals,  812 
of  bladder,  684 
of  brain,  918 
of  esophagus,  707 
of  heart,  503 
of  intestine,  754 
of  kidney,  671 
of  larynx,  580 
of  liver,  783 
of  lymph-nodes,  448 
of  mamma,  1009 
of  mouth,  698 
of  muscle,  830 
of  nasal  cavity,  571 
of  stomach,  727 
of  testicle,  945 
of  thyroid,  808 
osteoid,  356 
round-cell,  348 
secondary  changes  in,  356 
small  spindle-cell,  349 
spindle-cell,  349 
varieties  of,  348 
Sarcomatosis,  345,  353 
cutis,  353 

of  serous  membranes,  480 
Sarcoptes  hominis,  200 
Saw-cut,  circumferential,  1029 
undertaker’s,  1029 
wedge-shaped,  1029 
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Scabies,  200 

Scalds,  changes  produced  by,  25 
Scalpels,  1033 
Schistocytes,  400 
Schistosoma  haematobium,  179 
Japonicum,  187 
Schizogony,  169 
Schizomycetes,  77 
division  of,  77 
pathogenic,  77 
Schizont,  169 

Schwann,  white  substance  of,  876 
Scirrhous  carcinoma,  327 
atrophic,  329 

Scissors  for  postmortem,  1023 
Sclavo’s  sprum,  95 
Sclerosis,  amyotrophic  lateral,  926 
ependymal,  of  brain,  915 
insular,  of  brain,  914 
of  spinal  cord,  926 
thyroid,  804 
lobar,  of  brain,  915 
multiple,  of  brain,  914 
of  lung,  621 
of  pancreas,  794 
of  parotid,  699 
posterior  spinal,  927 
primary  lateral,  of  cord,  929 
pulmonary,  618 
renal,  663 
Scolecitis,  738 
Scolex,  18 1 
Scoliosis  septi,  569 
Scrofula,  442 
Section  cutting,  1040 
Sections,  celloidin,  method  of  mount- 
ing, 1047 

removing  paraffin  from,  1041 
Sediment,  in  urine,  1089,  1090 
Segmentation,  myocardial,  493 
Seminal  vesicles,  947 
tuberculosis  of,  948 
tumors  of,  948 
Sensitization,  60 
Sensitizer,  64 
Sepsis,  cryptogenic,  372 
Septicemia,  372 

hemorrhagic,  254 
tuberculous,  130 
Septum,  patent,  485 
Sequelee,  20 
Sequestrum,  849 
Serositis,  455 

actinomycotic,  477 
bacteriology  of,  457 
calcifying,  467 
chronic,  471 

hyperplastic,  472 
serofibrinous  exudative,  472 
serous  exudative,  472 
fibrinous,  459 
hemorrhagic,  471 
morbid  anatomy  of,  460 
multiple,  45 s 
plastic,  460 
serofibrinous,  460 


Serositis,  serous,  460 
suppurative,  468 
Serous  cavities,  air  in,  478 
dropsy  of,  452 

postmortem  examination  of, 
453 

membranes,  451,  474 
adhesions  of,  466 
carcinomatosis  of,  480 
chronic  hyperplastic  inflam- 
mation of,  472 

chronic  productive  inflamma- 
tion, of  472 
endothelioma  of,  479 
fibrinous  inflammation  of,  460 
hemorrhagic  inflammation  of, 
47 1 

inflammations  of,  455 
malposition  of,  454 
sarcomatosis  of,  480 
tuberculosis  of,  474 
tumors  of,  479 
Serum,  human,  1056 
monovalent,  87 
polyvalent,  87 

Sex,  relation  of,  to  disease,  21 
Sherrington’s  solution,  393 
Sialolithiasis,  700 
Sialorrhea,  700 
Siderosis,  223,  547 
Sinus  thrombosis,  887 
Sinuitis,  571 
Sinusitis,  571 
Situs  inversus,  483 

of  stomach,  708 
viscerum  inversus,  483 
Skin,  carcinoma  of,  353 
infection  through,  50 
tuberculosis  of,  132 
warts  of,  312 
Sleeping  sickness,  168 
Smoker’s  patch,  691 
Snuffles,  159 

Softening,  central,  of  thrombus,  270 
of  brain,  905 
red,  906,  922 
yellow,  906,  923 
white,  906,  923 
Soor,  143 
Soorpilz,  144 
Sore-mouth,  putrid,  687 
Sore-throat,  gangrenous,  562 
Spatula  for  searing  surfaces  of  organs, 
1078 

Spermatic  cord,  946 

cellulitis  of,  946 
torsion  of,  946 
tumors  of,  946 
Spermatocele,  362 
Spermatocystitis,  147 
Spermatozoa  in  urine,  1088 
Spina  bifida,  882 

occulta,  882 
Spinal  cord,  872,  919 

active  hyperemia  of,  920 
anemia  of,  92  x 
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Spinal  cord,  ascending  degeneration,  920 
cysts  of,  929 
gray  matter  of,  920 
hemorrhages  into,  921 
inflammation  of,  921 
insular  scleroses  of,  926 
lateral  and  posterior  sclerosis 
of,  929 

malformations  of,  879 
postmortem  examination  of, 
1032 

primary  lateral  scleroses  of,  929 
red  softening  of,  .922 
sclerosis  of,  926,  929 
secondary  degenerations  of, 
923 

structure  of,  919 
tuberculous  lesions  of,  929 
tumors  of,  929 
white  softening  of,  923 
yellow  softening  of,  923 
Spirilla,  77 
Spirilloses,  153 

Spirillum  cholera;  asiaticae,  115 
of  Vincent,  156 
Obermeieri,  154 
of  relapsing  fever,  1 34 
Vincent’s,  156 
Spirochetoses,  153 
Splanchnoptosis,  427 
Spleen,  427 

abscess  of,  433 
actinomycosis  of,  437 
ague  cake,  43 1 
atrophy  of,  429 
bifid,  429 

calcareous  infiltration  of,  430 
cysts  of,  438 
emphysema  of,  427 
engorgement  of  430 
enlarged,  with  chronic  cyanosis  and 
polycythemia,  435 
fibroid,  43  1 
gangrene  of,  434 
hemorrhage  in,  432 
hypertrophy  of,  429 
hypoplasia  of,  428 
infarction  of,  433 
interstitial  laceration  of,  436 
lardaceous  disease  of,  430 
leprosy  of,  437 
lobulated,  429 
malformations  of,  428 
malposition  of,  427 
metaclastic  cysts  of,  436 
movable,  427,  431 
multiple,  429 
passive  congestion  of,  432 
pigmentary  infiltration  of,  429 
postmortem  changes  in,  427 
examination  of,  1025 
primitive  epithelioma  of,  435 
pseudomelanosis  of,  427 
rupture  of,  435 
sago,  430 
senile,  429 
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Spleen,  syphilis  of,  643 
tuberculosis  of,  436 
tumors  of,  437 
wandering,  427 
Spleens,  accessory,  428 
Splenculi,  428 
Splenitis,  acute  diffuse,  430 
chronic  diffuse,  431 
infectious,  430 
Splenization  of  lung,  595 
Splenomegaly,  434 
primitive,  435 
Splenoptosis,  427 
Spondylitis  deformans,  86  3 
Spore.  14 1 

Neisser’s  method  of  staining,  1070 
Sporoblast,  169 
Sporocyst,  169 
Sporogeny,  169 
Sporont,  169 
Sporotrichoses,  145 
Sporotrichum  beurmannii,  145 
schenckii,  145 
Sporozoites,  170 
Sputum,  1099 

content  of,  1099,  nor 
technic  of  examining,  1099 
Squamous  epithelioma,  321 
Stagnation  of  regurgitation,  252 
Staining,  1048,  1067 
bacteria,  1067 
Stains,  1048,  1067 
Staphylococci,  pyogenic,  84 
Starvation  as  a cause  of  disease,  23 
Stasis,  259 

Statistical  method,  5 
Status  lymphaticus,  450 
Steatoma,  337 

Stenosis,  congenital  hypertrophic,  of 
pylorus,  708 
laryngeal,  579 
of  bronchi,  584 
of  conus  arteriosus,  486 
of  esophagus,  704 
of  intestine,  729 
of  pulmonary  artery,  486 
of  pylorus,  721 
pre-aortic,  of  heart,  518 
subvalvular,  of  heart,  518 
Sterilization,  1062 

by  autoclave,  1062 
fractional,  1062 

Sterilizer,  Arnold’s  steam,  1062 
hot-air,  1061 

Sternberg’s  anaerobic  culture  tube,  1072 
Sternopagus,  18 
Stomach,  707 

atresia  of,  708 
bacteria  of,  710 
bifid,  709 
carcinoma  of,  726 
congestion  of,  712 
dilatation  of,  722,  723 
diverticula  of,  708 
erosion  of,  719 
foreign  bodies  in,  7 r 1 
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Stomach,  hair-balls  in,  71 1 
hemorrhage  of,  7 1 1 
hour-glass,  709 
hyperemia  of,  7 1 x 
inflammation  of,  713 
leather  bottle,  717,  727 
malformation  of,  708 
malposition  of,  708 
mammillated,  715 
multilocular,  709 
■occult  hemorrhage  from,  712 
postmortem  changes  in,  708 
examination  of,  1026 
sarcoma  of,  727 
simple  ulcer  of,  718 
situs  inversus  of,  708 
stenosis  of,  708 
stringballs  in,  71 1 
syphilis  of,  718 
tuberculosis  of,  717 
tumors  of,  724 
ulcer  of,  718 
vertical,  708 
volvulus  of,  710 
Stomatitis,  687 

aphthous,  688 
fetid,  687 
follicular,  687 
gangrenous,  688 
gonorrheal,  688 
mycotic,  143 
parasitic,  687 
pseudomembranous,  689 
tuberculous,  689 
ulcerative,  687 
ulcero-membranous,  156 
Streptococcemia,  87 
Streptococci,  77 
Streptococcus  erysipelatus,  86 
pyogenes,  86 
Streptotricosis,  145 

of  esophagus,  703 
pulmonary,  149 
secondary,  149 
Streptothrix  maduras,  149 
Streptotricheae,  145 
Stricture,  of  esophagus,  704 
of  urethra,  684 
syphilitic,  of  larynx,  577 
Stringballs  in  stomach,  71 1 
Strongyloides  intestinalis,  19 1 
Struma,  804 

intratracheal,  806 
lipomatosa  adrenalis,  812 
of  ovary,  965 
Strumitis,  803 
Styrone,  1051 
Subinfection,  49 

Sublingual  gland,  postmortem  examina- 
tion of,  1033 
growth  in  infants,  691 
Submaxillary  gland,  post  mortem  ex- 
amination of,  1033 
Succus  entericus,  685 
Suffusion,  bloody,  257 
purxxlent,  291 


Suggillation,  1016 
Sunstroke,  25 
Suppuration,  287 
pulmonary,  599 

Suprarenals,  810.  See  Adrenals. 
Surra,  168 
Symbiosis,  49 
Symptomatology,  20 
Syncephalus,  17 
Syncytioma,  359 
Syndactylism,  14 
Synophthalmia,  885 
Synovitis,  862 

acute  simple  serous,  862 
Syphilis,  156 

acquired,  160 

hereditary,  158 

of  bone,  854 

of  brain,  912 

of  dura  mater,  889 

of  heart,  501 

of  intestine,  750 

of  joints,  868 

of  kidney,  672 

of  larynx,  576 

of  liver,  779 

of  lung,  633 

of  mamma,  1002 

of  meninges,  894 

of  mouth,  689 

of  mucous  membranes,  567 

of  muscle,  830 

of  nasal  mucosa,  571 

of  nervous  system,  912 

of  ovary,  960 

of  pancreas,  796 

of  pharynx,  695 

of  spleen,  436 

of  stomach,  718 

of  testicle,  943 

of  thyroid,  804 

of  vagina,  989 

of  vascular  system,  532 

of  veins,  539 

of  vulva,  994 

tertiary,  163 

Wassermann’s  test  for,  1080 
Syphilomata,  163 
Syringe,  Koch’s,  1077 
Syringobulbia,  931 
Syringomyelia,  930 


Tabes,  927 

Taenia  echinococcus,  184 
flavapunctata,  184 
lata,  188 

mediocanellata,  182 
nana,  184 
saeinata,  182 
solium,  183 

cysticercus,  form  of,  183 
head  of,  184 
Talipes,  14 

Talqvist’s  hemoglobin  scale,  389 
Tapeworms,  18 1 
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Tapeworms,  armed,  183 
beef,  182 
broad,  188 
dog,  184 
pork,  183 
solitary,  183 

Technic,  bacteriologic,  1055 
general  laboratory,  1013 
of  disinfection,  1074 
of  examining  sputum,  1099 
Telangiectasis,  hereditary  hemorrhagic, 
34i 

Telangiectoma,  341 
Temperature  changes,  367 
Tendons,  831 

gout  of,  831 
inflammation  of,  830 
syphilis  of,  831 
tuberculosis  of,  83  1 
tumors  of,  831 
Tendinitis,  830 
Tendovaginitis,  831 
Tenosynovitis,  830 
Terata,  double,  17 
heterotoxic,  16 
merosomatous,  12 
monosomatous,  12 
pantosomatous,  12 
polysomatous,  12,  16 
Teratogenesis,  9 
Teratoma  testis,  946 
Tertian  parasite,  186 
Test,  cutaneous  tuberculin,  12 1 
Wassermann’s,  1083 
Widal’s,  1082 
Testicles,  939 

atrophy  of,  940 
hemorrhage  of,  941 
hypertrophy  of,  941 
inflammation  of,  941 
internal  secretion  of,  939 
malformations  of,  939 
malpositions  of,  939 
sarcoma  of,  945 
syphilis  of,  943 
tuberculosis  of,  943 
tumors  of,  944 
Testis,  dystopia,  940 
ectopia,  939 
retentio,  940 
teratoma,  946 

Test-tubes,  method  of  filling,  1062 
Tetanus,  92 

antitoxin  of,  93 
Tetany,  809 

parathyreoprivus,  809 
Tetracocci,  77 
Texas  fever,  34 
Thecitis,  455 
Thelitis,  997 
Thermic  inversion,  367 
Thermogenesis,  368 
Thermolabile  body,  64 
Thermolysis,  368 
Thermostabile  body,  64 
Toisson’s  solution,  393 


1 135 

Thoma-Zeiss  hematocytometer,  390 
Thomsen’s  disease,  821 
Thoracic  cavity,  postmortem  examina- 
tion of,  1019 

duct,  postmortem  examination  of 
1028 

tuberculosis  of,  154 
Thoracogastroschisis,  13 
Thoracopagus,  18 
Thoracoschisis,  13 
Thrills,  515 

Thromboangiitis  obliterans,  526 
Thrombophlebitis,  539 
Thrombophilia,  267 
Thrombosis,  263 

mesenteric,  737 

of  cerebral  veins  and  sinuses,  887 
of  coronary  arteries,  501 
of  portal  vein,  761 
results  of,  270 
Thrombus,  263 
annular,  265 
arterial,  265 
ball,  265 
bland,  265 
canalized,  265 
central  softening  of,  270 
changes  in,  269 
channeled,  265 
decolorization  of,  269 
distal,  265 

fragmentation  of,  269 
gray,  264 
infected,  265 
infective,  268 
liquefaction  of,  268 
marasmic,  266 
mural,  265 
neoplastic,  266 
obstructing,  264 
organization  of,  270 
parietal,  265 
portal,  265 
primary,  264 
propagated,  264 
proximal,  265 
red,  264 
secondary,  264 
simple,  265 
softening  of,  268 
stratified,  264 
valve,  265 
venous,  265 
white,  264 
Thrush,  143 
Thymic  death,  450 
Thymus  body,  449 

atrophy  of,  449 
hemorrhage  in,  450 
malposition  of,  449 
persistence  of,  449 
postmortem  examination  of, 
1020 

tumors  of,  450 
Thyroid  gland,  799 

atrophy  of,  800 
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Thyroid  gland,  cancer  of,  808 

carcinosarcoma  of,  808 
cysts  of,  808 

, degeneration  of,  803 

infiltration  of,  803 
inflammation  of,  803 
malformation  of,  799 
malposition  of,  799 
metastasis  of,  808 
mixed  tumors  of,  808 
postmortem  examination  of, 
1024 

sarcoma  of,  808 
syphilis  of,  804 
tuberculosis  of,  804 
■tumors  of,  808 
Thyroidismus,  807 
Thyroiditis,  803 

acute  nonsuppurative,  803 
chronic  interstitial,  804 
Tigrolysis,  897,  899 
Tinea  tonsurans,  143 
versicolor,  143 
Tissue,  embryonic,  298 
fibrous,  299 
granulation,  299 
indifferent,  299 
method  of  blocking,  1041 
Tissues,  preservation  of,  1037 
reparative,  299 
Toad  head,  883 
Toisson’s  solution,  393 
Toluidin-blue,  1051 
Toluylenediamin,  37 
Tongue,  black,  691 

lymphangiectasis  of,  697 
wooden,  148 
Tongue-tie,  686 
Tonsil,  693 

tuberculosis  of,  694 
Tonsillitis,  693 
Tophi,  863 

Torsion  of  uterus,  974 
Toxemia  of  pregnancy,  38 
Toxin,  extracellular,  47 
intracellular,  47 
method  of  preparing,  1079 
Toxoids,  62 
Toxophore  group,  62 
Trachea,  postmortem  examination  of, 
1024 

tumors  of,  580 
Tracheitis,  574 

Transposition,  corrected,  of  vascular 
trunks,  485 

of  vascular  trunks,  485 
of  viscera,  483 
Transudates,  263 
Trauma  as  cause  of  disease,  27 
as  cause  of  malposition,  9 
of  vulva,  992 

Treponema  pallidum,  157 
pertenui,  164 
Trichina  spiralis,  19 1 
Trichiniasis,  19 1 
Trichiurus,  190 


Trichomonas  hominis,  167 
intestinalis,  167 
vaginalis,  167 
Tricocephalus  dispar,  190 
trichiurus,  190 

Tricophyton  megalosporon,  143 
microsporon,  143 
tonsurans,  143 
Tridermoma,  364 
Triorchism,  939 
Trypanosoma  brucei,  168 
equinum,  168 
equiperdum,  168 
evansi,  168 
gambiense,  168 
lewisii,  168 
theileri,  168 
Trypanosomiasis,  167 
Tsetse  fly,  167 

Tubercle  bacilli  in  urine,  1089 

bacillus,  Gabbet’s  stain  for,  1 19 
Pappenheim’s  stain  for,  1x9 
conglomerate,  123 
gray,  125 
“healed-in,”  126 
histologic,  124 
miliary,  124 

painful  subcutaneous,  337 
quiescent,  127 
■submiliary,  124 
yellow,  125 

Tubercula  dolorosa,  937 
Tuberculins,  120 
Tuberculoma,  128 
of  larynx,  576 
of  muscle,  829 
Tuberculosis,  1 1 7 

acute,  miliary,  of  lung,  628 
anatomic  divisions  of,  127 
avian,  bacillus  of,  122 
bacillus  of,  1 1 7 
bronchogenic,  626 
caseous  of  lymph-node,  130 
cavities  in,  128 
chronic  caseous,  128,  629 
fibroid,  128 
hyperplastic,  128 
cured  and  healed-in,  126 
extension,  paths  of,  129 
fibroid,  of  lung,  63  1 
general  miliary,  130 
healed-in,  126 
hematogenous  miliary,  626 
inflammatory,  13  1 
ingestion,  123 
inhalation,  123 
inoculation,  123 
latent,  127 
localized,  127,  626 
lymphogenous,  623 
miliary,  128 

morbid  anatomy  of,  124 
of  adrenals,  812 
of  bladder,  682 
of  bone,  8 32 
of  bronchi,  584 
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Tuberculosis,  of  central  nervous  system, 
9X3 

of  dura  mater,  889 
of  esophagus,  703 
of  gall-bladder,  786 
of  heart,  502 
of  intestine,  751 
of  joints,  867 
of  kidney,  672 
of  larynx,  575 
of  liver,  780 
of  lymph-nodes,  442 
of  lung,  623 

acute  miliary,  628 
aerogenous  infection,  623 
mode  of  infection,  623 
pneumatogenous  infection,  623 
of  mamma,  1000 
of  meninges,  893 
of  mucous  membranes,  565 
of  muscle,  829 
of  nasal  mucosa,  571 
of  pancreas,  796 
of  penis,  954 
of  pharynx,  695 
of  pituitary  body,  877 
of  salivary  glands,  701 
of  serous  membranes,  474 
of  skin  (lupus),  132 
of  spermatic  cord,  947 
of  spinal  cord,  929 
of  spleen,  436 
of  stomach,  7 1 7 
of  testicle,  943 
of  thoracic  duct,  154 
of  thyroid  gland,  804 
of  tonsil,  694 
of  uterus,  978 
of  vagina,  989 
of  veins,  539 
of  vulva,  994 
paraosteal,  853 
pulmonary,  623 
prenatal,  123 

secondary  infection  in,  128 
susceptibility  to,  122 
ulcerative,  128,  629 
Tubes,  method  of  inoculating,  1066 
Tumor,  acute  splenic,  430 
albus,  853 
chronic  splenic,  431 
fibrocellular,  338 
gluey,  316 
growth,  308 
Tumors,  303 

amyloid,  221 
benign,  310 
causes  of,  305 
classification  of,  309 
connective-tissue,  333 
epithelial,  3 1 1 
erectile,  341 

extension  by  dissemination,  308 
by  interstitial  growth,  308 
general  considerations  of,  303 
growth  of,  308 


Tumors,  malignant,  310 
metastasis  of,  308 
of  adrenals,  812 
of  bile-ducts,  788 
of  bladder,  683 
of  blood-vessels,  541 
of  bone,  859 
of  brain,  916 
of  dura  mater,  889 
of  esophagus,  706 
of  gall-bladder,  788 
of  heart,  502 
of  intestine,  753 
of  kidney,  673 
of  larynx,  580 
of  liver,  782 
of  lung,  634 
of  lymph-nodes,  448 
of  mamma,  1002 
of  mouth,  697 
of  muscle,  830 
of  nasal  mucosa,  571 
of  nerves,  936 
of  ovary,  960 
of  pancreas,  796 
of  parathyroids,  810 
of  penis,  955 
of  pharynx,  697 
of  pia-arachnoid,  896 
of  salivary  glands,  701 
of  seminal  vesicles,  948 
of  serous  membranes,  479 
of  spermatic  cord,  947 
of  spinal  cord,  929 
of  spleen,  437 
of  stomach,  724 
of  testicle,  944 
of  thymus  body,  450 
of  thyroid  gland,  808 
of  trachea,  580 
of  uterus,  979 
of  vagina,  989 
of  vulva,  994 
pigmentation  of,  309 
signs  of  malignancy  in,  346 
transcutaneous  auto-inoculation  of, 
3°9 

typic  connective  tissue,  333 
Twins,  allantoido-angiopagous,  16 
Typhlitis,  738 
Typhoid  fever,  746 

protective  inoculation,  113,  1084 
vaccine  treatment  of,  113 
Widal’s  test  for,  1082 


Ulcer,  gastric,  718 
phagedenic,  290 
rodent,  326 
typhoid,  747 
Ulceration,  290 
peptic,  718 

Uncinaria  americana,  192 
duodenale,  192 
Uncinariasis,  192 
Union,  by  first  intention,  296 
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Union,  by  second  intention,  300 
by  third  intention,  300 
Unna’s  glycerin  ether  mixture,  1051 
Urachus,  cyst  of,  644 
persistent,  644 
Uratemia,  398 

Urea,  production  by  liver,  758 
Uremia,  38,  398 
Ureter,  malformations  of,  644 
Ureteritis,  671 
cystic,  672 

Urethra,  malformations  of,  644 
spasmodic  stricture  of,  684 
Urethritis,  684 

Urinary  organs,  diseases  of,  639 
Urine,  1087 

bacteria  in,  1089 
casts  in,  1088 

changes  in  acute  nephritis,  659 

in  chronic  diffuse  nephritis,  662 
in  chronic  interstitial  nephritis, 
667 

in  lardaceous  disease  of  the  kid- 
ney, 669 

collection  of  sample  of,  1087 
epithelium  in,  1088 
parasites  in,  1089 
preservation  of,  1087 
pus  in,  1088 
sediment  in,  1088,  1089 
spermatozoa  in,  1088 
tubercle  bacilli  in,  1089 
Uro toxins,  38 
Uterus,  971 

adenomyoma  of,  984 
anemia  of,  975 
anteflexion  of,  974 
anteversion  of,  974 
ascent  of,  971 
atrophy  of,  974 
cancer  of,  979 
congestion  of,  975 
fibroids  of,  982 
fibromyoma  of,  982 
hemorrhage  from,  975 
hypertrophy  of,  975 
hypoplasia  of,  971 
inflammations  of,  975 
malformations,  971 
malpositions,  971 
myoma  of,  982 
prolapse  of,  971 
retroflexion  of,  974 
sarcoma  of,  986 
torsion  of,  974 
tuberculosis  of,  978 
tumors  of,  979 

Vaccination,  antityphoid,  113,  1084 
Haffkine’s  protective,  1083 
Vaccines,  113,  1084 
Vagina,  986 

acquired  deformities  of,  987 
atresia  of,  986 
atrophy  of,  986 


Vagina,  cysts  of,  989 
double,  986 
fistulas  of,  987 
hypertrophy  of,  987 
inflammations  of,  987 
malformations  of,  986 
syphilis  of,  989 
tuberculosis  of,  989 
tumors  of,  989 
unilateral,  986 
Vaginitis,  987 

acute  catarrhal,  988 
chronic  catarrhal,  988 
emphysematous,  989 
erysipelatous,  988 
exfoliative,  988 
granular,  988 
membranous,  988 
purulent,  988 
senile,  988 
Valvulitis,  504 

arteriosclerotic,  513 
Van  Gieson’s  solution,  1050 
Varicocele,  946 
Varicose  veins,  540 
Varicosity,  540 
Varix,  540 

chylous,  343 
congenital,  538 
lacteal,  343 
Vascular  system,  481 

syphilis  of,  532 
Vas  deferens,  946 

tuberculosis  of,  947 

Vegetations,  changes  in  acute  simple 
endocarditis,  509 

production  of,  in  acute  simple  en- 
docarditis, 508 
Vein  stones,  270 

Veins,  ampullary  dilatation  of,  540 
congenital  sacculation  of,  538 
cystic  dilatation  of,  538 
inflammation  of,  538 
syphilis  of,  539 
tuberculosis  of,  539 
varicose,  540 
Vermes,  177 

Version,  lateral,  of  uterus,  974 
Verruca  necrogenica,  123 
Vibrion  septique,  107 
Vincent,  angina  of,  156 
Virchow’s  postmortem  knife,  1017 
Viscera,  abdominal,  postmortem  exami- 
nation of,  1019 
Visceroptosis,  8,  427 
Viscosity  of  blood,  398 
Volkmann’s  contracture,  825 
Volume  index  of  blood,  395 
Volvulus  of  intestine,  728 
of  stomach,  7x0 

Von  Fleischl’s  hemoglobinometer,  384 
Vulva,  990 

acquired  deformities  of,  990 
chancroid  of,  994 
inflammations  of,  922 
noma  of,  993 
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Vulva,  trauma  of,  992 
tuberculosis  of,  994 
tumors  of,  994 
syphilis  of,  994 
Vulvitis,  992 

acute  mucopurulent  catarrhal,  992 
simple,  992 
erosive,  993 
erysipelatous,  993 
follicular,  993 
gangrenous,  993 
gonorrheal,  993 
phlegmonous,  993 
pseudomembranous,  993 
ulcerative,  993 
Vulvovaginitis,  993 

Wall  of  abscess,  289 
Wallerian  degeneration,  901 
Warts,  intracystic,  313 
skin,  312 
villous,  312 

Wassermann’s  test  for  syphilis,  1080 
Water,  bacteriologic  examination  of, 
1065 

centrifuge,  1088 

Weigert’s  method  for  demonstrating 
bacteria  in  tissue,  1069 
of  staining  nerve  tissue,  876 
Wens,  362 


Wertheim’s  medium,  1056 
Whipworm,  190 
White  swelling,  853 
Widal’s  test  for  typhoid  fever,  1082 
Wood-tick,  20 r 
Worm,  guinea,  199 
pin,  190 
thread,  190 

Wright’s  coagulometer,  396 

method  for  anaerobic  cultivation  in 
liquid  media,  1073 
stain,  380 


Xerostoma,  700 

X-ray,  changes  induced  by,  27 
Xylolbacilline,  48 
Xyphopagus,  18 


Yaws,  164 

Yeast  cells  from  pure  culture,  151 
fungi,  150 


Zenker’s  solution,  1040 
Ziehl’s  carbol-fuchsin,  1051 
Zooid,  182 
Zootoxins,  30 
Zygote,  169 
Zymogens,  43 


